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ABSTRACT

Threshold durations were determined by the Method of Limits 
for a series of 8-letter nonsense words. For Experimental Os the 
threshold for a critical word was obtained a second time after 
threshold determinations for a varying number of filler words had 
intervened. Instructions induced a set against seeing any word 
again after its threshold had been obtained the first time. The 
second threshold for a critical word was lower than the first for 
all experimental conditions and this effect could not be attributed 
to practice or word difficulty. Results indicated that passage 
of time did not account for the subsequent threshold changes. A 
second experiment showed that the same results could be obtained 
when the same or slighly modified critical stimulus was presented 
to the observer. A Hebbian trace interpretation was offered as a 
possible explanation of how the processes of sensitization, 
categorization, and discrimination might act on the 0 Ts verbal 
response style. At the end of the experiment most observers were 
unable to recall or recognize the originally presented stimulus 
word.
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Until recently, psychologists have not attempted to consider 

how stimulation is encoded by a perceiver (i.e., translated from 

a visual image into some more permanent form of storage), and 

whether or not these encoding processes are important sources of 

variation in the interaction of perception and memory. Word 

recognition thresholds have been studied extensively in the past 

decade with particular emphasis on such variables as frequency, 

recency, word length, set, meaning, and value. Little attention 

has been given to the detailed analysis of the perceptual process 

involved in the growth of the perceptual experience of a word. 

Pierce (1963) concludes that the above mentioned variables act 

directly on the response system instead of upon the perceptual 

sys tem.

The theoretical issue is whether or not one has to study a 

man’s perception before he can understand his behavior. The 

problem for theory is to describe the process of recognition. 

Neisser (1967) presents both sides of this controversy - the 

Nativists who argue according to a template-matching paradigm 

and the Empiricists who assume that perception is in large part 

categorized or learned. Much of the research cited in this 

paper will have as its aim the resolution of this controversy. 

However, most of the studies investigating recognition thresholds 

fail to distinguish between variables which affect the O ’s 

perception and those which inf.luence his responses. Therefore
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many studies formulate conclusions about the perceptual process 

when in effect they are talking about modified response patterns.

Two questions seem relevant. In what sense do we learn to 

perceive? In what sense can we learn by perceiving? Gibson and 
Gibson (1955) have outlined historically the philosophic question. 

The most popular theory to develop from the dialogue between 

empiricism and nativitism states that the supplement to sensation 

which cannot be accounted for in terms of innate characteristics 

is the result of learning. The contemporary version of this 

theory describes the perceptual process in terms of the storage 

of information, possibly in the form of traces or memory images, 

but conceivably as attitudes, mental sets, ideas, or concepts.

This approach, called associationism, assumes the dictum that all 

knowledge comes from experience by associating the past experience 

with the present.

Association theory has been challenged on occasion by the 

theory of sensory organization or cognitive structure. Gestalt 

psychologists argue against the notion of acquired linkages among 

sensory elements and their traces. Their theory was based on an 

intrinsic unit of perception which arose spontaneously, and 

subsequently came to be structured in the memory system. Although 

never seriously weakening the position of the association theorists, 

the Gestalt psychologists forced the beginning of a theoretical 

synthesis which attempts to reconcile the principle of spontaneous 

sensory organization with the principle of perceptual determination
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by past experience.

When a word is flashed rapidly several times at a constant, 

"subliminal" duration of exposure, often it can be correctly 

perceived on later flashes. Pierce (1963), and Eriksen (1966) 

conclude that many so-called investigations of subliminal 

perception are in fact studies of incidental stimulation or of 

supraliminal perception. Taylor (1953) demonstrated that 

discrimination may be possible when identification is not. Whether 

the exposure is described as subliminal or merely "brief", the 

effect of rapid flashes on subsequent stimulation has been shown 

to lower the O's recognition threshold. This effect would be 

similar to increasing the exposure duration of the stimulus 

because of the integrative nature of the visual system (Osgood, 

1953). Several experimental studies have shown summation effects 

in alternation behavior lasting up to one week in time (Walker, 

1958). Haber and Hershenson (1965) have obtained evidence for a 

summation of facilitative effects of visual stimulation over 

periods of at least 8 sec. Facilitative effects were measured by 

recording the reduction in (threshold) time it took a subject to 

make the recognition response. Repeated exposure of a word, as 

in the Method of Limits psychophysical procedure but without 

increases in the duration of each exposure, resulted in 

progressively improved perception of the word. Haslerud (1964) 

has shown that this facilitation occurs even with 20 sec. 

intervals between stimulations. Thus there is some persistence
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of the traces (either active or stored) from the earlier 

stimulation which when supplemented by the stimulation from the 

later exposures, is sufficient to reach the threshold of 
recognit ion.

A simple frequency interpretation may account for the results.

It is logical to assume that the more frequent a word appears, the

more accurate the individual will be when asked to identify it or

to recall its individual letter components. Haber (1965) has
0

chosen to account for such results in terms of Hebb's (1949) 

concept of cell assembly. According to Haber, the repetition of 

a stimulus contributes in some manner to the activation of such 

an assembly.
Using the repeated exposure design, Hebb (1961) and Melton 

(1963) have shown that the ability to report a given nine-digit 

number improved when the number recurred several times in a 

series of such numbers. Cohen and Johansson (1967) using Hebb’s 

original method found improvement but only where an overt 

response was involved. Where no overt response was involved, no 

improvement in performance was found. When recognition rather 

than reproduction was used, some evidence of learning was found 

in the absence of an overt response, but this result should be 

treated with caution since the majority of Os, on their own 

admission, concentrated on trying to recognize only the first, 

or first and last digit. No improvement was obtained even when 

the Os were active in their attempts at memorizing. Cohen and



Johansson therefore suggest that the Hebb and Melton experiments 

do not provide sufficient grounds for concluding that all percepts 

which have been in storage in the immediate memory system, leave 

a structural trace behind them. The evidence from their own 

study (1967) demonstrates the principle stated earlier that 
frequency more directly affects the 0 ’s responses than it does 

his perceptual organization. The interpretation of the Cohen 

and Johansson study conducted in the "late sixties" indicates a 

change in emphasis from perceptual processes to response processes. 

Several additional studies, published since 1960 reflect a similar 

orientation toward the study of one possible form of these 

response patterns.

Sperling (1963) describes a model for visual recall tasks 

presented in terms of visual information storage (VIS), scanning, 

rehersal, and auditory information storage (AIS). It was first 

shown that brief visual stimuli are stored in VIS in a form 

similar to the sensory input. These visual "images" contain 

considerable more information than is transmitted later. They 

can be sampled by scanning for items at high rates of about 10 

msec, per letter. Recall is based on a verbal recoding of the 

stimulus (rehersal), which is remembered in AIS. The items 

remembered in AIS are usually rehersed again to prevent them from 

decaying. The human limits in immediate memory (reproduction) 

tasks are inherent in the AIS-Rehersal loop. The main implication 

of the model for human learning is the importance of the auditory
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coding in visual tasks. Such visual and auditory encoding 
strategies have not, until recently, been studied as major 
variables in the perceptual process.

Harris and Haber (1963) mainpulated the form of 0 ’s silent 

verbal encodings of briefly presented stimuli by having him 

selectively attend to either the dimensions (red, blue, two, four, 

circle, star) or the objects (two red circles, four blue stars) 

represented by the stimuli. Stimuli encoded slowly were more 

likely to contain errors, independent of retention processes.

Order of encoding accounted for the effects of instruction to 

attend selectively on accuracy of report. Instructions to attend 

selectively had no significant effect on Os who encoded the 

stimulus in order dictated by English syntax. Those Os whose 

coding strategy permitted them to encode first the stimulus attribute 

they were told to, reported this attribute more accurately than 

incidental attributes. The superior accuracy was not a by-product 

of order of report.

Harcum (1962) reports evidence of left superiority in order 

of report for tachistoscopically presented eight letter words.

He hypothesizes a left to right scanning mechanism inherent in 

Western reading habits. Further studies by Harcum (1966) using 

horizontal binary patterns support the scanning hypothesis and 

further indicate the importance of the individual subject’s 

encoding strategy.

Machworth (1963) supports Sperling’s (1960) finding that



neurons that can fire simultaneously, and insures that those 

firing are dispersed as widely as possible. A further change is 

introduced to meet the paradox that cell assemblies can be associated 

with one another without loosing their individuality and being 
submerged in a composite new cell assembly. In association, it is 

not the cells of one assembly that acquire connections with the 

cells of another; instead, cells primed, or sensitized, by the 

first assembly become incorporated into the second. Thus, one 

principle of learning - the binding of cells into a group by 

repeated simultaneous firing - fulfills a double role; when the 

newly added cells are predominantly primed by sensory input, 

perceptual learning results; and when new cells are primed by the 

firing of another cell assembly, associative learning results. 
According to Milner, recogniton thresholds will be high if there 

is no corresponding cell assembly into which the newly primed 

percept may be incorporated. Thresholds are lowered and learning 

is facilitated when old and new assemblies fire simultaneously, 

thus forming an association.

A similar explanation to the priming or sensitization concept 

is the idea that perceptual readiness is a factor of category 

accessibility and cue utilization. According to Bruner (1957) the 

greater the accessibility of a category, (a) the less the input 

necessary for categorization to occur in terms of this category,

(b) the wider the range of input characteristics that will be 

"accepted'’ as fitting the category in question, and (c) the more
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information can be stored as a visual image for a fraction of a 

second after the visual stimulus has disappeared. Following this 

first stage the memory trace is translated into a more durable, 

often verbal form. Mackworth (1962) showed that when sets of eight 

digits were displayed for brief periods, the number of digits 

written down after the exposure increased lineraly with the duration 

of the exposure up to one second. When the exposure duration was 

increased beyond one second, the rate of increase in the number of 

digits reported was reduced. It was suggested that below this 

point the amount recalled was limited by the number of digits 

recognized, while beyond it the limit was set by the memory span.

Nearly all of the theoretical interpretations mentioned thus 

far favor terminology based on the concept of perceptual and 

memory traces or images. Perhaps this is accounted for by the 

relative popularity of the association approach to perception 

outlined earlier. Based on a priming or sensitization concept, 

recent modifications of Hebb’s (1949) cell assembly theory have 

proved useful in explaining how large quantities of information 

are processed over long periods of time.

For example, Milner (1957) presents a neural model based 

on an "association-of-ideas" paradigm of learning. In the 

mojdel, cell assemblies representing stimuli are linked together 

by being fired contiguously. The model differs from Hebb1s 

in that an inhibitory regulatory system is postulated which 

limits (to a minute fraction of the total) the number of cortical



likely that categories providing a better or equally good fit for 

the input will be masked. On the basis of certain defining or 

criterial attributes in the sensory input, which are usually 

called cues, there is a selective placing of the input in one 

category of identity rather than another. Identity represents 

the range of inferences about properties, uses, and consequences 
that can be predicted from the presence of certain criterial cues 

Hebb (1949) argues effectively that certain forms of primitive 

organization within the perceptual field are necessary to make 

possible the differential use of cires in identity categorizing.

In doing so, he provides the basis for certain identities (sound, 

touch, taste, etc.) within perception which may be innate or not 

learned. Bruner however, chooses to emphasize the idea of 

perceptual readiness or the relative accessibility of categories 

to afferent stimulus inputs. It is difficult to qualitatively 

distinguish between the "cell assembly" and "category or identity 

Perhaps in their attempts to devise a global theory, Hebb and 

Bruner have purposely left these terms open to interpretation. 

More likely, however, the terms describe a similar process at 

two different levels of functioning, the neurophysiological 

(Hebb) and the cognitive (Bruner).

Experiments using the Method of Limits technique for 

determining thresholds also provide evidence both for summative 

effects and for inhibition effects of the prior stimulation over 

longer intervals (Harcum, 1964). These effects of prior
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stimulation of subsequent threshold performance have often been 

explained in terms of O ’s hypotheses or expectancies (Harcum, 1964). 

There is however, evidence the "perseveration" of the mnemonic 

trace itself can continue for the longer periods of time. 
Perseveration is defined merely as "persistence of a trace over 

time". The trace is presumably active while 0 verbally reherses 

his responses, but is subsequently stored for retrieval at a later 

time. The qualitative nature of the trace will be discussed more 

thoroughly later in this report. For the present it is sufficient 

to describe the experiments which support the "perseveration" 

phenomenon.

Observational evidence for this was obtained by Harcum

several years ago when he noticed the apparent lowering of a

Method of Limits threshold for a word earlier in the same

experimental session. This phenomenon occured even though 0

presumably had a set against seeing the same word twice.
2 • 3Subsequently, two preliminary studies by Hartman and Baldino 

have supported the existence of the phenomenon by use of this 

approach.

Hartman (1960) studied the change in thresholds for a 

given word in a series of words when threshold determination of

2Unpublished report of Miss Rosemary R. Hartman.
O Unpublished report of Mr. John J. Baldino, An abstract of 

the preliminary results has been published (Baldino, 1962).
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0, 1, or 2 different words were made between the first and a 

second threshold for a selected word. The hypothesis was that 
with increasing numbers of words between observations of the 

critical stimulus, the threshold for the word on its second 

appearence is lowered by progressively smaller amounts because 
of decreasing facilitative effects of the traces of earlier 

stimulation.

Threshold duration for the recognition of eight-letter 

nonsense words were obtained by the Method of Limits for 13 

undergraduate students. Three experimental conditions were 

determined by the number and the character of the words added at 

the end of a basic series of 12 different words. Zero, one, or 
two words, respectively, intervened between the two presentations 

of the critical word, which always appeared for the first time at 

the twelfth position in the series.

Thresholds decreased for the first few words in the 

total series and leveled off at about the fifth word. There 

was a drop in the average thresholds between the first and 

second presentations of the critical nonsense word for each 

of the 13 O s . The decrements for the zero and one intervening 

word conditions were about equal, while the decrease for the two 
intervening word condition was smaller. The decrements were 

probably not due to a general practice effect because performance 

had apparently already reached an asymptote. Unfortunately the 

experiment did not control for the effects of time and therefore
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no conclusions could be made as to whether interference is a 

function of the number of intervening words or a factor of the 

fading memory trace over time. Thus, the hypothesis of a 

"perseverating facilitative effect" was confirmed, although the 

time course of the effect was not unambiguously determined.

An interesting outcome of the experiment was the report 

by several Os that they were "unaware" of a word's being repeated 

until their attention was called to this fact after the experiment.

Baldino (1962) used a similar design adding two conditions 

in which four and eight different words intervened between the 

first and second threshold determinations of the critical word.

The hypothesis was the same as that of Hartman.

Stimuli were seven-letter Turkish words selected to be equal 

in difficulty of recognition. Using the Method of Limits, the 

initial tachistoscopic duration of .10 sec. was increased in .05 

sec. steps until the O could spell the word correctly. A 

uniform set of instructions induced a set against seeing the 

same word twice.

All Os were presented with the same list of 11 training words. 

The five conditions always began with the critical word in the 

twelfth position followed by 0, 1, 2, 4, or 8 intervening words. 

Although the performance curves for the series of words were 

apparently asymptotic by the eleventh word for each condition, 60 

of the 70 Os showed a decrement for the second threshold of the 

critical word. Only three Os showed an increase for the second



13
threshold. Thus, a general decrement in threshold was clearly 

demonstrated, even though the mean decrements for the different 
conditions did not vary systematically.

Unfortunately, a practice effect was present to confound the 

results. In addition, the mean thresholds for the first 

presentations of the critical word revealed differences under the 

various conditions. For these Os there may have been differences 

in the difficulty of the words used in these conditions.
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EXPERIMENT I

Doerries and Harcum (1967) corrected some of the methodolo­

gical limitations of the earlier studies by Hartman and Baldino.

For example, possible differential difficulty of the experimental 

words was not confounded with the different experimental conditions 

in their proposed design. Also, the earlier studies did not permit 

conclusions about the general effect of time on the size of the 

decrement in the subsequent threshold, independent of the 

interference produced by the number of intervening words.

The latest study tested the hypotheses that : (a) there is a

long-term perseveration of facilitative effects on subsequent 

threshold performance due to the earlier experience, even though 

O has a negative expectancy about obtaining a second threshold for 

the same word; and (b) threshold determinations of different words 

tend to interfere with the persistence of the memory trace.

Method and Results

Threshold durations for the reproduction of eight-letter 

nonsense words were determined by the Method of Limits. Each 

of 14 words was typed in pica capitals on white paper. On the 

fixation field of the Dodge-type tachistoscope four small dots 

outlined the area where the word would appear in the center of 

the field. The four dots were used instead of a fixation cross



15
because evidence from a preliminary study conducted by the author 

indicated that a cross interfered with the recognition of the 

fourth and fifth letters of the stimulus word. Field luminance 
was 74 ft L: eye-to-field distance was about 18 inches. A stop 

watch was used to record the time intervening between first and 

second threshold determinations for the critical words.

Os were 96 college undergraduates, who were paid for their 

participation in the experiment.
In the series of 14 determinations of thresholds for words, 

the threshold for one critical word was obtained a second time.

Os were assigned equally to five conditions in which the thresholds 

were obtained for 0, 1, 2, 4, or 8 filler words between the two

thresholds determinations of the critical word - the 0W, 1W, 2W,

4W, and 8W conditions respectively. The first four words in the 

series for each O were practice words which never varied. The 

critical word always appeared for the first time at the fifth 
position in the series. This training series was shorter than 

that of the earlier studies because practice effects had largely 

disappeared at this point in both earlier studies, and also the 
Doerries and Harcum design controlled for practice effects.

Twelve Os who did not have the word repeated provided control 
data for assessing the effects of practice.

The instructions were intended to induce a negative 

expectancy or set against seeing the same word twice as 

illustrated by the following excerpts:
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... Once a word is spelled correctly the exposure 
mechanism will be re-adjusted to give again a very 
brief exposure, and the next word will be placed in 
the apparatus. The process for determining the 
necessary duration of exposure for the correct 
spelling of that word will then begin...

... Of course, there will be no way for you to know 
what the next word will be before it is exposed.
All you will know is that it is an eight-letter 
nonsense word. However, I will never change to a 
new, different word until after I notify you that 
you have correctly spelled the preceding word...

The rest of the instructions merely said that E was interested

in determining the minimum exposure necessary for recognition

of these words, and that he was not evaluating the personality
of O .

The initial duration of exposure was 10 msec, followed by 

exposures in 5 msec, increments until 0 could spell the word 

correctly. For convenience, threshold was defined as the exposure 

duration on which the word was first correctly reproduced. An 

experimental O who recognized a critical word at the lowest 
exposure duration (vis., 10 msec.) was discarded from the 

experiment and replaced by another 0. There were seven such Os - 

one each in the OW, 1W, and 4W conditions and two each in the 2W 

and Control oonditions. It should be pointed out that there were 

six ’critical words’ for each of the 12 Os in the control group, 

as compared with only two such words for each experimental group.

Word difficulty was controlled by selecting five different 

words from a list calibrated by Harcum and Filion (1963) and
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assigning each of these words equally often to the critical 

positions in each experimental condition and control condition.

In addition, the remaining nine words appeared equally often under 

each condition, with their position systematically varied.
The time which intervened between the first and second 

thresholds was recorded for each O in an experimental group. The 

mean delays before the second thresholds for OW, 1W, 2W, 4W, and 

8W groups were 43, 81, 191, 256, and 450 sec., respectively.
Subsequently, two special control groups of Os were run 

without filler words between first and second thresholds of the

critical word but with the intervening time equal to that between
/

critical thresholds for the 4W conditions. To prevent rehersal,

E engaged the O in casual conversation during the pause in the 

experiment.

Fig. 1. shows the differences between the geometric means of 
first and second thresholds of critical words for the experimental 

groups of Os and of all words for the control group of Os.

Geometric means were used to reduce some of the response variance 

which would have disproportionately affected the resulting threshold 

values had arithmetic means been calculated. The results reveal 

significant decrements in thresholds for each experimental condition, 
relative to the decrements for the control group. The smallest 

decreases for the experimental group occur with 0 and 8 intervening 

words, and the largest decrease occurs with 2 intervening words - 

producing a U-shaped function. The control group, on the other
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'hand, shows an increase in thresholds for each of the words that is 
comparable to a critical word, except for the 2W condition which 

produced a large decrement. This result for 2W control is probably 

a chance occurrence, however, because the trend of all points of 

the control Os does not imply a general decrease at that point. 

Moreover, if the differences for the five ’critical words’ are 

averaged for the control group, the result is a mean increment of 

only .9 msec. - a negligible difference.

Os do not show a significant improvement in threshold 

performance over the last 10 words in the series. The average 

of the geometric means for the fifth to ninth words, which included 

the first presentation of the critical word, was 32 msec, and the 

average for the last five trials, which included the second 
presentation of the critical word was 33 msec. Since the difference 

is small and opposite in direction to an effect of practice, the 

decremental effect for the experimental groups cannot be attributed 

to a general effect of practice. This conclusion is further 

supported by the geometric means of thresholds for the words shown 

to the control group given in Fig. 2. After about the third 

threshold, there seems to be no further downward trend in thresholds. 

The ’control’ data of the experimental Os are also plotted in Fig. 2. 

This consists of the data before a critical word was repeated; there­

fore, the number of Os progressively decreases for the later words, 

until there are no Os for the word under the 8W condition. The 

curve, therefore, can change spuriously as Os drop from the analysis.
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The implication of these data is that the control and experimental 

groups are not greatly different in word recognition capability. 

The point plotted for the fourteenth word for the experimental 

Os includes results for all experimental Os except those in the 

8W condition. Since each of these Os have seen a critical 
word repeated, they may be set to see a.word repeated which 
could interfere with the perception of the fourteenth word. On 

the other hand, they would have the benefit of the added practice.

Either time or the number of intervening words may be 
critical in the return of the second threshold closer to the 

control threshold. To answer this question, 12 Special Control Os 

were run in the equivalent or 4W condition. E engaged O in 

conversation between the two threshold determinations of the 

critical word, instead of determining the thresholds for four new 

words. The intervening interval was 256 sec., about equal 

to the average time to obtain four thresholds. The thresholds 

for these Os were given in general so low that a mean threshold 

for the group was calculable. Seven of these 12 Os recognized the 

word correctly at the lowest setting. Therefore the results of 

the group indicate that time alone does not play a significant 
role in inhibiting the trace of the first threshold stimulation - 
at least for this interval of time.

There is, however, another possible explanation for this 

precipitious drop in the threshold for this special control group. 

To explain the interruption in the experiment to O without
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leading him to think that the rest pause was an intentional 

variable, E said that he had forgotten to obtain certain information 

about 0. E then proceded to ask 0 about his handedness, etc.

While this procedure was successful in keeping 0 unaware of the 

purpose of the interpolated pause, it may have had the disadvantage 

of introducing ego involvement into the task. Accordingly, another 

Special Control Group of 12 Os was tested under identical conditions 

to the first, except that the session was interrupted by another E, 

who entered the room as a result of a signal which was unknown to 

0. The second E consulted with E briefly about a mythical problem 

of data analysis, and then O was engaged in casual conversation 

for the required period of time. The results were essentially 
identical to those for the other Special Control Group. Six of 

the 12 Os recognized the critical word on the second presentation 

at the lowest setting (viz., 10 msec.).

At the end of the session all Os were questioned about 

whether they had seen any word more than once. Only 7 of the 60 

experimental Os were able to report at the end of the experiment, 

under this direct questioning that they had seen a word more than 

once.

Discuss ion

The mechanism of expectation (Bruner, 1957) in the Doerries 

and Harcum study would in all probability tend to produce an 

increase in the threshold when the word was presented a second
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time. Such a negative set was produced by implying to 0 that all 

of the words would be different. The set was reinforced by 

presenting four different words before the critical word and, for 

all Os except- those under the OW condition, by presenting various 

numbers of different words after the critical word. Therefore, 

there is no reason to believe that Os expected to see any word a 

second time.

The results of the latter study show that a lowering of the 

second threshold will occur in spite of a specific set against 

seeing the same word twice. Thus they support a mechanism of 

perseveration of memory traces. Such a process might involve (1) 

a network of reverberatory circuits activated by the initial 

presentation, still continuing in the organism at the time of the 

second presentation: (Hebb, 1949); (2) cell assemblies being
subliminally activated by an after-discharge which facilitates 

the recognition of the word on the second presentation (Hebb, 1961); 

or (3) reactivation of a stored memory trace through the use of 

particular cues and strategies (Doerries and Harcum, 1967).

Because the O is verbally rehersing the stimuli after each 

trial it is reasonable to assume that the trace remains active 

up to the time the 0 correctly identifies it. Following this 

time the 0 may use specific cues such as first and last letters 

or syllable groupings to recall what has subsequently become a 

stored memory trace. Neisser (1967) describes the active trace 

resulting from the initial presentation as "transient iconic
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memory." Data collected by Sperling (1960) indicate that the 

trace remains active up to five seconds depending on variables 
such as intensity, exposure time, and post exposure illumination. 

The third mechanism is one possible way of explaining how the trace 

is made available to fhe O following the time when the "icon" 

becomes too unclear to be of any use.

The frequency-threshold relationship (Solomon and Postman, 

1952) postulates a positive linear relationship between frequency 

and threshold level. It has become increasingly apparent however, 

that stimulus frequency affects responses rather than perception 

per se. Solomon and Postman (1952) suggest that when only 

tachistosqopic fragments of stimuli are seen, Os will tend to 

"guess" high frequency words. Eriksen and Browne (1956) presented 

a direct statement of the idea that frequency (as well as recency, 
set, and punishment) appears to affect perception simply because 

it increases response strength. Goaldiamond and Hawkins (1958) 

clearly showed that stimulus frequency affects responses rather 

than perception. Using a pseudo-ascending method of limits they 

were able to show the typical frequency-threshold relationship 

despite the fact that no syllables were ever presented in the 
tachistoscope. On the basis of his experiment using a modified 

method of limits with exposure duration constant, Haber and 

Hershenson (1965) conclude that frequency alone is not sufficient 

to explain perceptual organization and growth of a word. A 

similar conclusion is applicable to the present data.
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If the reader will permit a certain amount of speculation, 

several mechanisms might be operative in the present task. A 

negative expectation and an action decrement would push the, 

threshold up, and the perseveration of the traces would lower it. 

When zero or one new word intervenes, the negative factors, exert 

a strong influence which cancels a large part of the facilitative 

effect of the persisting trace. This accounts for the relatively 

small decrease in the threshold under these conditions. The 

strength of the expectancy effect should be related to the strength 

of the memory of the earlier stimulation since 0 would have to 

remember the word to have a set against seeing it. However, the 

expectancy would presumably require a higher level of conscious 
memory than would the facilitative effect of the persisting traces 

of the stimulation. The shape of the decrement curve as a function 

of time can be explained if one postulates that the negative 

expectancy drops more rapidly to effectively zero strength at 

about the 2W condition. If O fails to recall the initial memory, 

the specific negative set would not be effective. However, at 
this time the persisting trace is still available to produce an 

over-all facilitative effect. 0's general inability at the end 

of the session to report any word seen twice supports the argument 

for the failure of conscious recollection of the repetition of 

a word. As in the Cohen and Johannson study (1967) any reference 

to 0's 'unconscious awareness' must be qualified since the 

specific stimulus cues to which he is attending are not known.
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It is possible that a recognition test may reveal that the O is

consciously aware of which words serve as the critical stimuli.

Although the actual mechanism cannot be described confidently, 

the long term perseveration effect under conditions which eliminated 

the confounding variables present in the earlier studies of Hartman 

and Baldino has been demonstrated. The trace apparently does not 

dissipate as rapidly initially as the stimulus trace in the tasks 

discussed by Walker (1958). Possibly the reason for this is that 

the original task in the present study involved a conscious effort 

by 0 to "learn" each stimulus. On each exposure he was asked to 

reproduce the word; he knew that he would be tested again if he 

were not completely correct in his reproduction. The learning 
interpretation under conditions which require O to make an overt 

response support the findings of Cohen and Johannson stated 

earlier in this paper. Unfortunately they were unable to conclude 

whether the improvement in performance was due to the repetitions 

providing opportunities for hearing responses to the stimuli, a 

specific practice effect on the response side, or the activity 
trace being consolidated by the response. Their data indicate 

that "conscious effort" increased the activity level (grouping 

of stimuli) in each 0 as measured by how 0 had kept his attention 
focused on the stimuli in the series. Haber (1965) states that 

information received and processed on one flash facilitates 

perception of a word on the next flash for the first few trials. 

Thereafter the affect appears to decay and possibly becomes



inhibitory in nature. Haber concludes that this may be caused 

by 0 "relaxing his effort11 after repeated failure to perceive 

the word. As Harcum (1962) has shown, 0 transfers facilitative 

effects from the early to the late exposures in the Method of 

Limits procedure for obtaining word thresholds. Thus, in the 
Method of Limits the ascending series of exposures consists of 

a series of learning trials. The very long-term facilitative 

effects are, therefore, what is usually described as effects of 

familiarization with the word.
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EXPERIMENT II

Experiment I permits a certain amount of speculation as to 

the nature of the perceptual trace, but does not attempt to define

it precisely. Experiment II is directed at gaining more information

concerning the qualitative mechanisms effective during the 
perseveration, while at the same time, replicating the findings 

of the original two hypotheses tested under a slightly modified 

design. Specifically this study takes a closer look at the 

encoding strategies used by Os, the strength of the original trace 

and its susceptibility to modification, and the kind of "unconscious 

awareness" involved in the task. The following hypotheses are 
tested:

(1) there is a long-term perseveration of facilitative effects on 

subsequent threshold performance due to the earlier experience, 

even though 0 has a negative expectancy about obtaining a second

threshold for the same word.

(2) a slighly modified stimulus is recognized at the same or 

lowered threshold than the original stimulus under the inhibitory 

effects of negative expectancy and of obtaining thresholds for 

four different words intervening between the threshold 

determinations of the original stimulus and second presentation 

of the modified original stimulus.

(3) the threshold for a printed nonsense word is partly a function 

of the O's ability to form hypotheses and his use of verbal 

encoding strategies.
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(4) the processes of sensitization, categorization, and 
discrimination interact to facilitate the growth of the percept 

and to produce the ulitmate threshold reduction.
(5) these perceptual processes can occur without the 0 recalling 

or recognizing the originally presented critical stimulus word.

Method

Thirty undergraduate college students were paid one dollar 
for their participation in the experiment. An additional 10 

students se,rved in a Special Control condition.

The apparatus used to present the stimuli was the same as 

that used in Experiment I.
The experiment followed the design of the original study with 

several minor improvements. A modification of the Method of Limits 

was used to present the stimuli. In the series of 10 determinations 

of thresholds for words, the threshold for one critical word 

was obtained a second time. Ten Os were systematically assigned 

to each of 3 conditions in which the thresholds for 4 filler words 

intervening between the first and second presentation of the 

critical word were obtained. The first four words in the series 
for each O were practice words and never varied. The critical 

words (LERADABO, LERABABO, and ELACATER) always appeared for the 

first time at the fifth position in the series. The same critical 

word, LERADABO, occupied the tenth position in all experimental 

and control conditions. The remaining eight words were selected



30
from those used in the original study and calibrated for equal 

difficulty. Table 1. illustrates the experimental design.

Ten Os served in the Experimental Condition. They were 

presented with the critical words, LERABABO, in the fifth position 

followed by LERADABO in the tenth position of the series.

Two groups of 10 Os each served as Replication and Control.

One group (Replication) had the same critical word, LERADABO, 

presented in the fifth position and repeated in the tenth position. 

The second group (Control) paired ELACATER, a completely different 

critical word, with LERADABO in the tenth position. LERADABO and 

ELACATER had been previously paired for equivalent threshold value.

Selection of LERADABO as a critical word was based on the 

similarity between its threshold value and the threshold values 

of the remaining stimulus words in the series. These values were 

based on the thresholds of 96 Os in the earlier experiment by 

Doerpies and Harcum. In addition, the use of LERADABO permitted 

E to mainpulate what he considered the most subtle change in 

letter combinations, LERADABO TO LERABABO and thereby to maximize 

the difficulty of the discrimination task.

The same instructions used in the original study were read 
to the 0 with the intention that they would induce a negative 

expectancy or set.

The initial duration of exposure was 10 msec., followed by 

exposures in 5 msec, increments until the 0 could spell the 

word correctly. Threshold was defined as the exposure duration



TABLE I

DESIGN OF EXPERIMENT I I 

REPETITION GROUP CONTROL GROUP I CONTROL GROUP II

1. FRAPAN1F 1 . FRAPAN1F 1 . FRAPAN1F
2. DELARCAN 2. DELARCAN 2. DELARCAN
3. LASUFEGE ' 3. LASUFEGE 3. LASUFEGE
4. BARUGATA 4. BARUGATA 4. BARUGATA
5. LERADABO 5. ELACATER 5. LERADABO
6. EDIDIVAT 6. EDIDIVAT 6. EDIDIVAT
7. REM 1NACA 7. REM 1NACA 7. REM 1NACA
8. ELACATER 8. OGABESET 8. ELACATER
9. ITATEMIG 9. ITATEMIG 9." ITATEMIG
10. LERADABO 10. LERADABO 10. 'LERABABO

EXPERIMENTAL GROUP

1 . FRAPAN1F
2. DELARCAN
3. LASUFEGE
4. BARUGATA
5. LERABABO
6. EDIDIVAT
7. REM 1NACA
8. ELACATER
9. ITATEMIG
10. LERADABO
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at which the word was first correctly reproduced.

The time which intervened between the first and second 

determination of the critical word (s) for each O was recorded.

O ’s exact responses were recorded following each threshold 

increment for critical words.

At the end of the session E asked each 0 if he recalled that 

any word had been presented more than once. O ’s response was 

recorded following which he was allowed to look at a list of 

10 nonsense words including the critical word which was presented 

to him. He was then asked to single out any word or words which 

he thought he may have seen more than once during the experimental 

sess ion.
Stimulus cards were uniformly prepared to control for 

differences in size and spacing of letters. A stop watch was used 

to record time intervening between the first and second threshold 

determination.

Results

Table 2 presents the results of Experiment II.

Threshold decrements were recorded for nineteen of the twenty 

Os. Significant threshold decrements were found when the same 

(LERADABO) or slightly modified (LERABABO) stimulus was presented 

a second time. However, a non-significant increase occured when a 

completely different stimulus (ELACATER) was paired with LERADABO. 

The results of the Experimental group showed a mean threshold for
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LERABABO of 55 msec. The mean threshold value for LERADABO was 

29.1 msec, which resulted in a decrement between the two stimulus 

words of 25.9 msec., significant at the .05 level.

Results for the control condition which paired ELACATER 

and LERADABO, showed mean threshold values of 53.5 and 56.5 

msec., respectively. There was a nonsignificant increment of 

3 msec, for this group.

The time which intervened between the first and second 

presentations of the critical stimulus for the Experimental, 

Repetition, and Control groups was 3.33 min., 3.94 min., and 4.15 

min., respectively. The mean threshold value for all words 

(including the critical stimuli) in each condition was 

Experimental - 38.95 msec; Repition - 39.60 msec; and Control 

3 9.20 msec.

Analysis of variance showed that the within subject variation 

for each group was not significantly different, thereby permitting 

the conclusion that the populations were equal with respect to 

overall performance on the task. The same statistical analysis 

showed a nonsignificant difference between the threshold obtained 

for LERABABO (55.0 msec.), LERADABO,(48.5 msec.), and ELACATER 

(53.5 msec.) presented in the fifth position of their respective 

conditions. Further, there was so significant difference between 

the threshold for LERADABO in the tenth position of the 

Experimental (29.1 msec.) and Repition (24.0 msec.) conditions.
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A significant difference (p..05) was found between the threshold 
for LERADABO in the tenth position of Experimental (29.1) and 

Repition (24.0) conditions and LERADABO presented in the tenth 

position of the Control condition (56.5). Since this was the 

first time LERADABO was presented to the Os in that group it 

seemed reasonable to compare its threshold value (56.5 msec.) with 

the threshold values of LERADABO (48.5) and LERABABO (55.0) as 

first presented in Repetion and Experimental groups. When 

subjected to such analysis, no significant difference resulted.
A possible criticism of the experimental design is that 

LERABABO and LERADABO may yield different threshold values 
dependent on which stimulus word appeared first. To control 

for this factor the results of a pilot study which used the 

same method and word order except that LERADABO appeared in 

the fifth position and LERABABO in the tenth position, are 

offered. The threshold for LERABABO was 51.5 msec, and for 

LERABABO 28.5 msec., a difference of 23 msec, (significant at 

.05 level). Although these results appear to fit the data of 

the present experiment, they were not treated in the same 

statistical analysis since the pilot study was conducted on 

a different population (summer school students) and may reflect 

differences due to intelligence and motivational changes. The 

mean threshold value for this special control group was 40.75 

msec, and the average time which elapsed between threshold
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determinations of the critical word was 4.64 min.

Analysis of the encoding of single letters revealed that 

when the critical word was modified from LERABABO to LERADABO, 

and presented in the tenth position, 7 of the 10 Os spelled the 
original word prior to making the discrimination and correctly 

spelling the modified stimulus. For the 7 Os who spelled LERABABO 

first, prior to accurately perceiving LERADABO, the mean 

threshold for the former word was 18.5 and for the latter, 25.3 

msec. Table 2 presents these data.

. An encoding strategy was defined as left-to-right order 

of report and left-to-right serial grouping of letters into 2 

(LERA-DABO), 3 (LER-AD-ABO or LER-A-DABO), or 4 (LE-RA-DA-BO) 

categories. Four of the 30 Os failed to develop any obvious 

encoding strategy. The mean threshold of all words for this group 

was 65.7 msec, as compared with a mean threshold of all words for 

all subjects of 39.25 msec. The results of the remaining 26 Os 

indicate that each reported letters in a left-to-right order.

Four Os used a 2-category strategy; 17 a 3-category strategy; 

and 5 a 4-category strategy. The mean threshold value for all 

words relative to the type of strategy used were 20.2, 36.5, 43.7, 

msec, respectively.
Analysis of the Os verbal report of letters recognized 

indicated that as the 0 gained greater accuracy in the number 

of letters which he could recognize, he made fewer errors of 

omission and proportionately greater percentage of commission



TABLE 2

RESULTS FOR EXPERIMENTAL, REPETITION AND CONTROL GROUPS.

First Presentation Second Presentation Decrement

Experimental Group LERABABO 55.0 LERADABO 29.1 -25.9
N~ I 0

Repetition Group LERADABO 48.5 LERADABO 24.0 -24.5
N= I 0

Control Group ELACATER 53.5 LERADABO 56.5 + 3.Q

Data presented in msec.



TABLE 3

TYPE AND DISTRIBUTION OF ENCODING SJRATEGY

No. of Os. Using Strategy Type of Strategy Mean Threshold Values (msec.) 
___________________________ '  ._____________  For Series of 10 Stimulus Words

4 No obvious strategy 65.7

4 2 category strategy 20.2

17 3 category strategy " 36.5

5 4 category strategy 43.7

N=30 Mean threshold for all words:

39.25
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errors. The first half of the recognition trials (prior to 

solution) Os made 14.1 errors of ommision per subject as compared 

with 4.0 errors of commission. The second half of trials showed 

an average of 1.9 errors of omission and 5.4 errors of commission.

Two of the twenty Os reported seeing a word more than once. 

The addition of the recognition task did not alter the results 

which showed the majority of Os were not aware that the critical 

word in its original or modified form was being re-presented to 

them at the tenth position in the series.

Discuss ion

The threshold decrements which occur when the same or a 

similar word is repeated indicate that some kind of stimulus 

trace is facilitating the perceptual discrimination. This occurs 

despite the fact that the 0 presumably does not expect to see 

the word a second time.

Under conditions where the O is required to make a very 

descrete discrimination between the original and modified 

stimulus word, the trace apperas to be equally strong following 

the passage of four minutes and the intervension of four different 
stimulus words. However, the empirical evidence shows that this 

trace is not inflexible and that it can be subjected to change. 

This change may occur through a process of discriminative 

judgments between the original trace and the subsequent reports 

made by the subject. An alternative explanation which does not
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assume the existence of any long-term trace suggests that the O 

makes discriminations between each successive judgment until by a 

process of trial and error the correct perception is reported.

If one accepts the second alternative a further postulate 

is needed to account for the threshold decrease when the modified 

stimulus, LERADABO is presented'in the tenth serial position. One 

possible way to account for this is to say that O has been 

sensitized to the original perception or the individual letters 

which form the word. The difference in explanations is then one 

of making the distinction between sensitization and the existence 

of a memory trace.

This evidence lends further support to the idea mentioned 

earlier, that more than the persistence of an active trace, the 

O reactivates the use of particular cues and strategies. The 

frequency concept is subsumbed in all of these explanations. 

However, with respect to the results of the Experimental group, 

it is obvious that some further mechanism is needed to explain 

how the discrimination between LERABABO and LERADABO is made.

The data show that of the 10 0_s who had LERADABO presented 

in the tenth position, 7 of them spelled LERABABO, the original 

stimulus presented in the fifth position. This could be 

intrepreted as showing that the 0 is sensitized to the original 

stimulus word but that it is not a precise memory image and 

therefore, with the aid of categorization and discrimination 

the 0 can accurately identify the stimulus. The process then
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involves the 0 becoming sensitized to the letters presented, 

traces of these letters perseverating over time until O develops 

the appropriate category and makes the final discrimination.

Analysis of O ts verbal encoding strategies (left-to-right 
order of report and serial grouping of letters) indicates that 

the earlier in the task the subject can perfect a method of 

encoding the letters, the quicker he will reach a performance 

asymptote. Naive subjects were used and the results indicate that 
most of them employed a trial and error method for selecting the 

strategy which worked best for them. The E noted that if the 0 

could not develop a strategy, he tended to become very anxious 

and often made statements to E which could be interpreted as 

"defensive." The data show that thresholds for these subjects 

on the first five words tended to be much higher and would remain 

high throughout the session when O did not use a systematic means 

of organizing the letter stimuli.

Analysis in terms of errors of omission and commission 
indicates that O leaves out many letters during the initial 

trials. His performance begins to level off when he has 

categorized the stimulus appropriately and finally makes the 

discrimination necessary to spell the word correctly. Sensitiza­

tion occurs throughout the categorization and discrimination 

phases of the perceptual process, but the latter two periods 

probably exist independently of each other.
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The added recognition task, employed with the recall test 

at the end of the session, permits greater confidence in the 
statement that the O is not consciously aware of having seen a 

word earlier in the series. However, this cannot be presented 

as unqualified evidence in support of the phenomenon. The use 

of a more sensitive test may uncover some awareness of the 

repeated stimulus.
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DISCUSSION OF EXPERIMENT I AND II

This paper began by examining two philosophic approaches 0

to the analysis of perception, the Gestalt theorists who emphasized 

the role of the stimulus and the associationists who emphasized a 

learned linkage of past and present experiences. A third area 
emerged from association theory during the early 1940*s.

Proponents of this approach focused their attention upon the 

observer, his inner state as determinants of perception.

Much of the recent thinking about the perceptual approach which 

emphasizes inner parameters agrees with the more formal associa- 

tionist position that variables such as need, set and frequency 

do not affect perception as such. It has become increasingly 

clear that many threshold parameters act upon the response system 

instead of upon the perceptual system. The observer, faced with 

a complex world - or with an ambiguous tachistoscopic stimulus - 

and relying on a limited visual system, must supplement his 

perceptions according to what has happened in the past and 

whether he can expect it to happen again.

Gibson and Gibson (1955) and Haber (1965) support the 

interpretation with empirical data. This dynamic approach to 

perception may be broken down to two discrete processes. First 

is. the notion that perception is based on external stimulation 

and that its development depends largely on stimulus differentia­

tion. The second process involves the 0 learning strategies or



43
response systems which qualitatively enrich the stimulation 

already present.

When analyzing the present data it would be incorrect to 

arbitrarily distinguish between perceptual development and 
learned responses. Perhaps this is a criticism which can be 

directed toward the study. However, making the assumption that 

the stimulus input contains within it everything that the percept 

has, seems to obviate the necessity of isolating enrichment 

or specificity as independent variables.

Hebb’s terminology (mnemonic trace, reverberating cell 

assembly etc.) are used freely to describe the perceptual 

processes taking place. Perhaps it is wise to reflect briefly 

on why this interpretation is preferred to others in describing 

the growth of a percept. First, Hebb (1949) has made a systematic 

full-scale attempt to combine the best of Gestalt theory and of 

learning theory at the physiological level. As Milner (1957) 

points out, Hebb’s theory is not without fault, but few alternative 
explanations can describe such a broad area of behavior using 

such specific terminology. What Hebb is saying is that the 

organizational process and the learning process are not 

inconsistent but complementary. The development of perception 

must then be one of stimulation, supplementation, interpretation 

and organization.

A second reason for supporting the Hebbian interpretation is 

that such dichotomous assumptions - learned versus organizational
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processes - are not necessary in order to explain how raw stimuli 

are affected by organismic variables. With regard to the tasks 

involved in Experiment I and II, the data demonstrate that some 

Os initially report more sensation than others. Three of the 

10 Os who were shown LERABABO in the fifth series position 

correctly reported seven of the eight letters at the first setting 

(10 msec.). Three other Os required two trials to reach this 

level of accuracy. Two Os reached this criterion after a total 

of five exposures; the remaining two after eleven trials.

Although Hebb’s theory does not specify processes such as 

sensitization, encoding and discrimination, they are inherent 
in the broader theoretical interpretation.

Finally, Hebb’s model presents a logical interpretation of 

how the physiological and psychological gap is bridged. This 

paper has not attempted to review the major physiological 

explanations relating to the perceptual processes. However, 

most of these make no attempt at explaining the psychological 

ramifications of perceptual development.

In examining possible weaknesses of the present research, 

it should be noted that a more careful design of Experiment I 

to incorporate tighter controls on inter-trial intervals 

(including the time alloted for the 0 to report his perception) 

is needed in order to describe the facilitative and inhibitory 

effects of time and the number of intervening stimulus words.

A more specific test for consciousness should be devised.
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Perhaps the O should be instructed to inform the E anytime he 

thinks he has seen a word more than once. This, however, is 
relatively difficult to incorporate* in the present experiment 

without destroying the 0's negative expectancy.
A more careful design might practice O in specific types of 

encoding strategies. This would permit more confident generali­

zations as to which method of responding facilitates or inhibits 

the 0 Ts performance.
The most serious criticism seems to be the lack of information 

showing to what stimulus conditions the perseveration pehnomenon 

can be generalized. Further study is needed of stimuli such as 

numbers, symbols, geometric forms, binary patterns and other 

non-verbal material. An advantage of the present design is 

that it can incorporate any of these stimuli without modifying 

the test procedure.

CONCLUSIONS

On the basis of data supplied from Experiment I and II 

the following conclusions are in order.

1. There is a long-term perseveration of facilitative effects

on subsequent threshold performance due to the earlier experience

even though O has a negative expectancy about obtaining a second

threshold for the same word.

2. Inhibitory effects on the recognition of visual stimuli 

are more a function of the number of intervening stimuli than
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the mere passage of time.

3. Stimuli originally perceived correctly can be modified 

and re-presented to the O while maintaining or decreasing his 

threshold level for accurate discrimination of the modified 

stimulus.
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APPENDIX



INSTRUCTIONS TO OBSERVER
In this experiment we want to determine the length of the 

shortest time of visual exposure for a nonsense word which will 
enable an observer to spell the word correctly. Single eight- 
letter nonsense words will be flashed in this apparatus for very 
brief time intervals, and you will be asked to spell them. Each 
word will appear horizontaIly across the visual field before you, 
with 8 letters appearing with in the four dots that are on the 
screen. When I say "Ready", look at the four dots until the word 
has been exposed. Then attempt to spell it^aloud. If you are 
unable to spell the word, the duration of the next flash will be 
lengthened, and you will be asked to try again to sepll it. If 
the word is not correctly spelled at this duration of exposure, it 
will be flashed at successively longer exposure durations until after 
one exposure it is spelled correctly. Once a word is spelled 
correctly, the exposure mechanism will be re-adjusted to give again 
a very brief exposure, and the next word will be placed in the 
apparatus. The process of determining the necessary duration of 
exposure for correct speI Iing of that word will then begin.

We are particularly interested in what effects experience in 
viewing these words has on the ease with which other such nonsense 
words can be seen. In other words, we want to know if practice 
with this task improves the obeser’s skill in word recognition 
such that he can spell the subsequent words after shorter exposure



durations. Since we are concerned with how much improvement in the 
perception of nonsense words occurs as the observer gains more 
experience, please do the best you can to spell as much of the 
words as you can after each exposure.

Of course, there will be no way for you to know what the next 
word will be before it is exposed. All you will know is that it is 
an eight-letter nonsense word. However, I wiI I never change to a 
new, different word until after I notify you that you have correctly 
spelled the preceding word.

If you have any questions concerning the procedure ask them 
now before I begin the experiment, because I wiI I not answer any 
questions after the experiment has begun.
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DATA FOR EXPERIMENT I I 
CONTROL I CONDITION

is
1 2 3 4 5

WORDS
6 7 8 9

1 40 30 40 20 40 25 35 45 15
2 75 45 40 . 25 65 25 20 25 30
3 50 20 35 30 50 95 35 35 35
4 45 20 25 40 35 40 50 20 25
5 30 45 65 ... .  15 80 25 20 55 35
6 25 30 20 20 30 15 30 40 20
7 45 30 25 25 55 35 50 20 20
8 135 50 30 55 70 45 25 80 45
9 20 15 10 10 65 35 30 15 45
10 55 40 45 30 45 40 30 30 30

10

40
75
50
50
65
35
25
40
30
55

/
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DATA FOR EXPERIMENT II 
CONTROL II CONDITION

Ss WORDS
1 2 3 4 5 ,6 7 8 9

1 50 20 20 20 25 ' *25 100 40 15
2 30 15 25 15 40 35 20 45 35
3 30 25 35 15 60 175 20 35 20
4 70 65 30 30, 45 85 40 30 60
5 80 75 35 45 55 95 70 50 20
6 70 25 90 35 85 30 45 65 30
7 25 25 40 15 60 20 25 70 25
8 20 35 40 15 60 20 35 60 25
9 30 1 io 50 20 55 50 30 50 60
10 25 30 20 30 20 15 35 35 40y

10
20
15
45
40
15
40
25
30
40
15
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DATA FOR.EXPERIMENT II 
REPETITION DATA

Ss WORDS
1 2 3 4 5 6 7 8 9

1 30 35 70 45 40 ’ ‘45 35 50 20
2 150 40 80 45 . 55 75 50 40 90
3 25 10 20 10 45 , • 20 20 25 25
4 30 15 20 20 30 45 20 30 30
5 25 25 25 10 35 45 15 20 20
6 40 25 15 20 40 40 60 45 10
7 35 80 80 35 45 25 25 30 25
8 35 65 30 25 35 30 30 30 20
9 40 40 45 35 40 25 25 35 60

- 10 140 100 65 50 120 60 45 95. 65

10

30
40
10

20

25
15
25
15
25
35
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DATA FOR EXPERIMENT I I 
EXPERIMENTAL CONDITION

Ss WORDS
1 2 3 4 5 6 7 8 9

1 35 20 20 15 30 * ■40 25 30 20
2 50 45 45 15 75 30 20 45 25
3 130 25 30 25 65 45 30 35 60
4 55 i 5 15 15 80 70 15 50 20
5 20 15 25 55 50 40 25 75 35
6 75 30 45 20 70 30 20 60 45
7 35 25 25 15 55 40'" 20 35 20
8 85 1 10 80 25 30 35 70 45 15
9 25 100 20 15 50 40 10 70 30

~ 10 70 30 60 20 45 35 25 45 35

10

15
35
65
35
25
65
20
20
10

25
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