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CHAPTER I 

INTRODUCTION 

Historical Perspective 

The nature of the human experience of time is addressed in the 

literature from varying perspectives. The understanding of time was a 

very early curiosity of the psychologically oriented philosophers. 

Early Greek thought maintained that the ultimate reality would be 

timelessness. Archimedes' philosophy of physics implies the elimin

ation of time in that temporal change is not a natural element in the 

ultimate basis of matter (Meyerson, 1930). Van Fraassen (1970) 

reasoned that the "beginning of time" as a concept is irrational 

because the moment of the "beginning of time" immediately defines a 

"before." "Before" is also a temporal concept and cannot be used to 

define itself. Fraser (1966) summarized Aristotle's discussion of 

time as a "combination of change and permanence." Since time cannot 

be defined in terms of itself, the continued search for definition 

reflects a correlational approach to understand or to grasp the 

meaning of time. 

Augustine (353-430 A.D.), as a reflection of medieval religious 

orientation, was concerned with the relationship of time to eternity. 

Augustine concluded that "time is that by which we measure the motion 

of a body" (Heath, 1936). According to Heath (1936), if Augustine's 

view could be extracted from the religious conceptual framework, it 



would be highly compatible with the theory of relativity. Augustine 

further delineated the concept of "three times" (past, present, and 

future) and that all three concepts are dependent on the existence of 

comparison. 

Psychology, as a study of conscious experience, initially 

addressed itself to the nature of time. The structuralistic view of 

consciousness spawned an introspective interpretation of the experi

ence of time. Time was explained by James in 1890 as related to the 

decay of "brain traces" and the "multitudinousness of memories" 

(Ornstein, 1969). In the analysis of the experience of time, one 

cannot relate to any "organ of perception" and so, as Ornstein (1969) 

stated, there is no point of departure for a scientific study of the 

experience of time. Early behaviorists "used" time as a factor in 

investigating objective components of human behavior, but as the 

ambiguous empirical findings will show, the variable of time itself 

may be more complex than any of the early philosophers or psycholo

gists imagined. 

The Human Experience of Time 

Within empirical research, the most basic of differentiations 

can be made between objective or symbolic mode used to measure time, 

and the subjective or internal experience of time. A plethora of 

information can be found on the topic of time estimation or time 

perspective which seeks to compare the symbolic, objective mode of 



time measurement with the idiosyncratic experience of time by 

individuals. 

Within the literature, there are statements emphasizing that the 

sense of audition is elemental in the development of the concept of 

time and temporalness for each individual. In the child born without 

sensory impairment, a basic understanding of the concepts of duration, 

simultaneity, and succession are acquired early, primarily through the 

sense of vision (Piaget, 1966). The acquisition of the semantic and 

syntactic knowledge of words relating to time may assist in organizing 

experiences and allow for the development of some of the complex 

concepts relating to the individual perception of time as a conscious 

experience. Fraisse (1979) stated that language is the instrument 

that enables man not to be subject to the forms of temporal regulation 

imposed on him by the environment and by his organism. The symbolic 

mode that language provides allows us to transcend the confines of our 

internal rhythms and the subjective reality of the clock. 

The issue which is not thoroughly addressed in the literature is 

the impact of significant congenital auditory impairment on the acqui

sition of the more complex concepts of time and how this occurrence 

might influence the functioning of the individual. This is the most 

basic question that this study proposes: Does early auditory depriva

tion effect the development of the perception of temporal information? 

In the inception of this study, it was determined that several 

vaguely related topics should be reviewed in the literature to provide 



adequate background information. For the purposes of this investiga

tion this review of the literature will initially include: (a) a 

historical and current critical discussion of the literature in the 

area of time estimation, (b) the physiological aspects of time percep

tion, (c) the concept of time as a factor in cognitive development 

from both a philosophical and psycholinguistic perspective and (d) 

the studies that are directly related to the topic of the perception 

of time in the deaf population. 



CHAPTER II 

REVIEW OF THE LITERATURE 

Methods and Terminology in Studies of Time Estimation 

Studies of time estimation are easily misinterpreted because of 

the ambiguous and confusing terminology that is often used. The same 

terminology may vary in meaning with the method of the particular 

investigation. The four basic methods that are used in the empirical 

studies of time estimation all deal with relatively short periods of 

time. These methods are as follows: a) verbal estimation, b) 

reproduction, c) production, and d) comparison. 

In studies using verbal estimation, the subject is asked to give 

a verbal response in the form of standardized clock time to a duration 

that is perceived. In this method the subject is providing a symbolic 

response to a physical unit of time. In the method of reproduction, 

the experimenter operatively delimits an interval and then asks the 

subject to operatively reproduce that interval. In this method, the 

subject is making a physical response to a physical unit with an 

individual judgment regarding the duration. The production method 

consists of the experimenter verbally designating an interval of 

symbolic clock time and the subjects operatively responding by 

delimiting that interval to the best of their ability. The production 

method is the reverse of the verbal estimation method. The comparison 

method is utilized when the experimenter presents the subject with two 
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consecutive intervals and asks the subject to judge the relative 

duration of both by choosing the longer. 

Bindra and Waksberg (1956) pointed out some of the confusion in 

the terminology used by these different methods. An example cited is 

the use of the terms "overestimation" and "underestimation." De

pending on the method used, these terms may refer to the standard of 

time presented, or an over/underestimation of elapsed time. Thus, if 

the subject makes a judgment larger than the standard in the method of 

verbal estimation, the results are interpreted as an overestimation of 

elapsed time. Comparatively similar actual estimation of time using 

the production method may be referred to as an underestimation of 

elapsed time. This confusion surrounding reference to stimulus or 

response time is an example of the problems of interpretation. Table 

1, taken from Bindra and Waksberg (1956),will be presented here to 

simplify the meaning of these terms in further discussion. 



Table 1 

Significance of the Relations Between the Judgment and the 

Standard in Various Methods of Time Estimation. 

Relative -"Magnitude Methods 

Verbal Estimation Production Reproduction 

Judgments 

larger 

than the 

standard 

J jagrnents 

srnai le ' " 

:nan the 

s t a n a a r d 

1. Overestimation 

of the standard 

2. Overestimation 

of elapsed time 

3. Internal clock 

faster than 

external clock 

4. Subjective tem

poral units 

smaller than ob

jective temporal 

'J n i t s 

1. Underestimation 

of the stanaard 

2. Underestimation 

of elasped time 

3. Internal clock 

slower than 

external clocK 

1. Overestimation 

of the stanaard 

2. Underestimation 

of elapsed time 

3. Internal clock 

slower than 

external clock 

4. Subjective tem

poral units 

larger than ob

jective temporal 

units 

1. Underestimation 

of the standard 

2. Overestimation 

of elasped time 

3. Internal clock 

faster than 

external clock 

1. Overestimation 

of the standard 

2. Not Applicable 

3. Internal clock 

slower than exter

nal clock during 

reproduction 

4. Subjective tem

poral units 

larger than ob

jective temporal 

units during 

reproduction 

1. Underestimation 

of the standard 

2. Not applicable 

3. Internal clock 

faster than exter

nal clock during 

reproduction 

Subjective tem

poral units 

larger than ob

jective temporal 

units 

4. Subjective tem

poral units 

smaller than ob

jective temporal 

units 

4. Subjective tem

poral units small

er than objective 

temporal units 
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Filled and Unfilled Intervals 

Many of the studies of time estimation are primarily concerned 

with influence of the content of the interval on the estimated 

duration by the subject. Most investigators use the terms "filled" 

and "unfilled" to refer to the presence or absence of a stimulus 

during the interval being estimated. Although these terms are 

currently in use in research, it is increasingly apparent that the 

entire issue of stimulus complexity in content must be interpreted 

guardedly. It is felt that individual differences account for a great 

deal of the variance in the results. Gulliksen (1927) wrote that it 

was the occupation or attention of the subject which primarily 

influenced the perception of duration. He utilized the verbal 

estimation of 200-second intervals under eight different conditions 

and concluded that the more activity in which the subject was engaged, 

the shorter the estimate of the interval. 

Goldfarb and Goldstone (1963) found that intervals totally 

devoid of activity are estimated to be longer than filled intervals of 

the same length. Axel's (1924) work involved five content variations 

in a verbal estimation format. Although he found no significant dif

ferences between filled and unfilled intervals, he still speculated 

that it was the "level of behavior" which influenced the perceived 

duration and noted that in actuality it was impossible to have "empty" 

or unfilled duration because mental content was always a factor. This 

explanation may account for the lack of significant results found 

again by Swift and McGeoch (1925) and Loehlin (1959) who varied the 



duration of the interval as well as the content of the intervals being 

estimated. Gilliland, Hofeld, and Eckstrand (1946) reported incon

clusive findings regarding filled and unfilled intervals. They again 

note the factor of "mental content" in the estimation process and 

propose that this factor may be more complex than previously thought. 

The concept of "storage size," which takes into account the 

factor of stimulus complexity, was introduced as the variable 

responsible for some of the discrepant results (Schroder, Driver, and 

Straufert, 1967). Ornstein (1969) wrote that the duration of an 

interval is a construction formed from the neurological storage size 

that is created by its input. That is to say that, as storage size 

increases, the duration of the experience lengthens. Goldstone and 

Goldfarb (1963) found support for this hypothesis (i.e., filled 

durations are judged longer than unfilled durations) less than a year 

after a published study by them stating the opposite contention 

(Goldfarb and Goldstone, 1963). Buffardi (1971) spoke of the "filled 

duration illusion" in which durations containing more elements would 

be considered longer. 

Rai (1973) posited that, because time estimation ability was 

attributed to memory traces and sense impressions, the more strenuous 

the attending process, the longer the duration is judged. Dewolfe and 

Duncan, 1959; Jones and Natale, 1973; Schiffman and Bobko, 1974; 

Block, 1974; and Wilsoncroft and Stone, 1975, found support for the 

basic premise of the storage size hypothesis, but added the variables 
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of task and type of information processing as well as methodological 

considerations in the interpretation of the results. 

It became clear to Hogan (1978) that a theoretical recon

ciliation was in order between the competing views od the storage size 

hypothesis and what he terms a more "common sense" view. This "common 

sense" view was that the more actively we process environmental 

stimuli, the more rapidly the time seems to pass. The impressive list 

of empirical support for this view includes: Bakan, 1955; Berlyne, 

1958; Bokander, 1965; Burton, 1943; Chetta, 1970; Frankenhaeuser, 

1959; Friel and Lhamon, 1965; Gaschk, Kintz, and Thompson, 1968; 

Goldstone, 1967; Goldstone, Boardman, and Lhamon, 1958; Harton, 1938; 

Kipnis, 1968; Loehlin, 1959; Leckart and Bakan, 1965; McBain, 1970; 

McKellar, 1968; Orme, 1962a, 1962b, 1969; Piatt and Eisenman, 1968; 

Smith, 1969; Warm, Greenberg, and Dube, 1964; Watman, 1967; White, 

1973; and Wright, Goldstone, and Boardman, 1962. Hogan (1978) 

proposes that a curvilinear relationship exists involving both the 

idea of stimulus complexity and the capacity of the individual dealing 

with the task presented during the interval being estimated. In 

summary, both over- and understimulation produce boredom, thereby 

lengthening the perception of the interval. 

Variables Influencing Temporal Experience 

Doehring (1961) pointed out that more information is needed 

regarding the variables which influence the temporal experience of 

individuals. Many investigations attempted to isolate one or two 
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factors in hopes of explaining more of the variance within the 

structure of findings regarding filled and unfilled intervals. Filer 

and Meals (1949) cited "need tension" as a motivator which accounts 

for the lengthening of the perceived duration. That is, if one is 

highly motivated to achieve a task, it seems to take longer than an 

unmotivated task. Aligned with this same general variable, Krauss and 

Ruiz (1967) found that anxiety influenced time estimation in the same 

manner that "need tension" had for Filer and Meals. Harton (1939) 

posited that personal feelings of success or failure influenced the 

passage of experienced duration, success being recalled as shorter in 

duration. 

Schaeffer and Gilliland (1938) investigated a physiological 

basis for variation in the estimation of short time intervals. They 

chose pulse rate, heart rate, blood pressure, breath)ng rate, and lung 

work as dependent variables, but found no significant differences 

between or within these factors. Whitrow (1961) felt that 

acceleration or deceleration of temporal experience was due to 

metabolic activity and temperature variation rather than any 

externally induced factors. Hoagland (1966) found that body 

temperature significantly alters perception of duration. He concluded 

that raising of body temperature accelerates time estimation, and 

conversely, lowering of body temperature results in the slowing of 

subjective duration. 

These innate rhythms are an endogenous source of time 

perception, while exogenous rhythms such as diurinal cycles, lunar, 
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and seasonal changes may also influence the regulation of this 

biological clock. This relationship is thought to be interdependent 

(Hamner, 1966). Hoagland's (1966) temperature-linked basis of time 

"sense" is explained by him as "oxidation in the brain." Other 

authors such as Orme (1969) and Ornstein (1969) wrote reviews of many 

studies, but basically gave much credence to the idea of a "biological 

clock" within each living being which is based on physiological 

processes. 

The survival advantage of this biological clock, according to 

Cloudsley-Thompson (1966) is that through the endogenous rhythm, 

organisms maintain homeostasis even in the absence of the environ

mental "clues." It is of importance to distinguish between the 

durational rhythm of the central nervous system and the evidence of a 

"cerebral cortical clock" that exists in higher primates. Cloudsley-

Thompson described this process of "memory, foresight, and elapsed 

judgment" as being a learned phenomenon. Gilliland, Hofeld, and 

Eckstrand (1946) discussed the variable of physical activity on 

perceived duration and concluded that body tensions and rhythms 

account for only some of the variability in time perception. Loehlin 

(1959), however, investigated 15 different physical activities and 

their impact on a time estimation task, but found no general factor 

emerging as a major contributor. Physiological determinants in the 

form of natural rhythms or environmental influences which may 

stimulate these internal changes are an integral part of man's 

experience of time. Gunnel 1 (1968), however, stated clearly that 
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physiological factors determine only the experiential potentialities 

of a duration. Conceptualization, related to social and cultural 

communication, is the key to the perceived duration. 

Within the framework of the physiological variable investiga

tions, Vassilev and Mitov (1976) found differences in the intervals 

between neural events in the perception of temporal modulations of 

luminance. Clausen (1950), in an earlier study, had differentiated 

between the sensory modalities of audition and vision in the reproduc

tion of intervals after Gilliland, Hofeld, and Eckstrand (1946) had 

pointed out that any sense may provide cues regarding duration. Good-

fellow (1934) had been cited by Gilliland, Hofeld, and Eckstrand 

(1946) because his study had revealed dramatic differences between the 

senses in the discrimination of short time intervals. Goodfellow 

(1934) delineates a hierarchy of senses that are "best suited" for 

perceiving time which is: audition-100%; vision-65%; and tactile-34%. 

This early study may be an oversimplification of some of the findings 

because of Goodfellow's subjective assignment of percentage to sensory 

processes. Goodfellow did open the field of time perception to inc

lude another set of variables. The sense modalities impact not only 

the immediate perception of duration, but the senses also influence 

the development of the concepts involved in these perceptions. 
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Sense Modality and Time Estimation 

The judgment of time appears especially sensitive to the 

differences in auditory and visual perception. White (1963) 

emphasized that the degree of temporal discrimination indicated by any 

given study is dependent on the perceptual task given the subject. 

Hirsh and Sherrick (1961) candidly pointed out that the visual system 

is relatively "sluggish" in its temporal resolving power, while the 

auditory system seems the "fastest." Gault and Goodfellow (1938), in 

a comparison of the three main sensory modalities in the 

discrimination of temporal patterns, found that the auditory system 

was the most efficient. 

Away from the time estimation methodology, Babkoff (1975) found 

that different sense modalities have different thresholds for 

perception of temporal order. Gesheider (1966); Fay (1966); Hirsh 

(1959); and Miller and Taylor (1948) stated that the minimum time 

interval at which the ear can discern the independence of successive 

events is from one to ten milleseconds. Fraisse (1963) and Mowbray 

and Gebhard (1954) stated that vision requires one hundred 

milliseconds between successive stimuli for discrimination. 

Many of the actual time estimation studies regarding auditory 

and visual differences utilized either a verbal estimation or a 

reproduction methodology. Goldstone and Goldfarb, 1964; Goldstone and 

Lhamon, 1974; Hawkes, Bailey, and Warm, 1961; Rai, 1973; Goldstone, 

Boardman, and Lhamon, 1958b; and Behar and Bevan, 1961, all found that 

sounds are judged longer than lights. Lhamon and Goldstone (1974), 
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after ten separate experiments, stated that more information is 

transmitted with sounds than with lights. Rai (1973) came to a 

similar conclusion comparing music, noise, light-filled and unfilled 

intervals. He concluded that music is judged as longer in duration 

because it requires more attending and therefore is more "filled" in 

content. In an inventive study, Goldstone, Sanford, and Lhamon (1976) 

endeavored to tease out some of these modality differences by using 

pulsing and flickering lights and sounds. They found that faster 

pulsed sounds and lights are judged longer than slower pulsed sounds 

and lights although these differences are not statistically 

significant. Lass and Conn (1974) investigated empty and speech 

filled durations, but found no significant differences within this 

variation of auditory input. 

Methods of Measuring Time Estimation 

Many authors question the relationship of the four basic methods 

of time estimation research to each other and the lack of validity in 

comparing studies which employ the same variables, but different 

methodologies (Bindra and Waksberg, 1956; DeWolfe and Duncan, 1959; 

Frankenhaeuser, 1959; and Siegman, 1962). Most of the controversy 

centers around the efficacy of the memory of a specified duration 

versus the actual experience of the duration. Frankenhaeuser (1959) 

stated that all methods used to investigate perception of time must 

face the fact that the second interval, whether it be last in a pair 

of comparisons or produced or reproduced, is different from the first, 
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simply by virtue of succession, which is in itself a time concept. 

Even the method of verbal estimation does not circumvent the problem, 

because the subject is comparing the interval to be estimated with 

some subjective standard interval. The question that is posed most 

often regarding method is the controversy of the estimation of a past 

and present time interval, which is often referred to in the 

literature between the verbal estimation and reproduction method. 

Gilliland, Hofeld, and Eckstrand (1946) questioned similarity of 

the cognitive processes that are used in the method of production or 

verbal estimation as opposed to that of reproduction. Clausen (1950) 

stated that the task of reproduction involves a different underlying 

function than do verbal or operative estimation. In his study of 

these three methodologies, Clausen found intercorrelations between the 

two methods of verbal or operative estimation, but radically different 

data from the same subjects on the reproduction task. Because there 

was a great deal of variability in the accuracy of the reproductive 

judgments, he further concluded that the reproduction method of time 

estimation research was unreliable. Ochberg, Pollack, and Meyer 

(1965) reported similar findings with respect to the inconsistency of 

results using the reproduction method. 

In an estimation task which was controlled for series effects, 

which will be discussed later in this review, Siegman (1962) found 

unreliable results with the reproduction method as opposed to the 



17 

similar results obtained by the verbal estimation and production 

methods. Doehring (1961), in his comparative study of the four main 

methods of time perception research, concluded that reproduction was 

the least reliable and consistent and that it was the method most 

easily influenced by the experimental procedure. Gilliland and 

Humphreys (1943) stated that reproduction was less difficult for the 

subject to perform, and the experience of the duration may have been 

interacting with some of the previously delineated intrasubject 

variables. DeWolfe and Duncan (1959) posited that the method of 

reproduction may be influencing the results of many of the inquiries 

into time perception and should be used with consideration. 

Another confounding variable which should be considered in the 

proposal of any research in the area of time perception is that of the 

effect of serial position. Time intervals, in relationship to each 

other, become subject to comparison even when the comparison method is 

not the one being employed. Postman (1944), Harton, (1938), Wallace 

and Rabin (1960), and Frankenhaeuser (1959) demonstrated the 

importance of order or position in work involving considerations of 

content. Eson and Kafka (1952) obtained a serial position effect with 

the method of production. Subjects consistently overestimated 

produced intervals as they became longer using only their own 

subjective filling while attending to the time estimation task. 

The applicability of the Weber-Fechner law to the perception of 

time duration intervals has been noted by Treisman (1963). Guilford 
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(1959) stated that the Weber-Fechner function (i.e., the over-

estimation of small and underestimation of large stimuli) had been 

observed in many sensory dimensions. Gilliland and Humphreys (1943) 

found that error increases as temporal duration decreases from 180-9 

seconds although no central tendency of these errors was noted. 

Treisman's (1963) rather extensive research, including seven separate 

experiments, supported the idea that there is a tendency to over

estimate a shorter interval and underestimate a longer interval. Eson 

and Kafka (1952) and Siegman (1962) corrected for this effect by 

alternating a short and long interval under the varying conditions of 

their procedures. It is felt that without applying the technical 

mathematical formulas utilized by Treisman (1963) that the regression 

toward the mean could be corrected through the experimental 

procedures. 

The Development of the Concepts of Time 

Introduction 

This segment of the literature review will present some of the 

theoretical issues concerning how the adult concept of time is 

acquired. The development of the concept of time is dependent on an 

extremely complex set of linguistic and nonlinguistic variables. 

Therefore, the impairment or delay in any step of the acquisition 

process has serious implications in the organization of cognitive 
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structures and thought processes of the individual. Language is a 

representational system which both facilitates and dictates the devel-

lopment of temporal concepts at different times during the acquisition 

process. The theoretical questions related to the developmental 

acquisition of time capability are: Is time acquisition dependent on, 

facilitated by, or unrelated to the language acquisition process? To 

discuss these questions, the following issues will be explored: the 

role of perception in the acquisition of the concepts of time, lan

guage as a representional system, research problems in the area of 

language as it relates to time concept acquisition, and time-word 

meaning acquisition. 

The Role of Perception in Time Concept Acquisition 

Werner (1957) and Gunnell (1968) related the development of the 

time concept in children with the notions of time in primitive 

peoples. They stated that in nonliterate peoples, understanding of 

time is concretely embedded in egocentricity and the concrete occur

rences of everyday life. In the absence of representative symbo-

lization, the "present" is grounded to the immediate field of 

perception. With the acquisition of the cognitive capability for the 

internal representation of symbolic forms, new concepts and collective 

structures of concepts can become organized and more readily utilized 

in a functional sense. 

It is imperative that the theoretical temporal concept acqui

sition process be reviewed so that the impact of the early impairment 
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of hearing on the concepts of time can be more clearly understood. 

The organization of all knowledge is based on the perceived attributes 

of the physical world, the functional properties of these perceived 

"things and the relational aspects between the perceived and the 

functional (Piaget, 1966). The child relies on this organization for 

recall of related information. Roger Brown (1958) pointed out that 

initially, the child begins this organizational process through dif

ferentiation of perceived stimuli. However, the basis of the concept 

of time is the perception of change in the environment; therefore the 

precursors to time concepts are through the senses. Thus, as movement 

is perceived, an awareness of continuous and discontinuous change is 

created (Fraisse, 1963). Initially, the visual concept of ordinal 

occurrence precedes the concept of change, which is noted by the child 

to occur at various intervals. Werner stated that in early childhood, 

the " ..temporal idea is marked by concrete and effective character-

of-action." That is to say, the "doing" of an event becomes the 

association with a budding concept of time in the memory of the child. 

Piaget (1966) believes that the early concepts related to time are 

acquired without knowledge of the linguistic terms associated with a 

conscious awareness of their occurrence and are termed "intuitive" by 

Piaget (1966). Herbert Clark (1971) referred to these basic percep

tions as "P-space," in which the child grasps relational fundamentals 

in terms of space. He stated that this knowledge is prerequisite for 

the acquisition of spatial and temporal terms. Piaget (1927) tells us 

that a child perceives time and space, initially, as one entity. Eve 
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Clark (1973) found that the youngest of her subjects often misinter

preted a time expression for a spatial expression (e.g., "when did the 

boy jump the fence?" answer: "there"). 

As the memory capabilities of the young child develop, acquisi

tion of the early "intuitive" concepts related to time precedes the 

concept of duration and succession. Succession is the initial phase 

in the awareness of duration. Therefore, the perception of interval 

or duration is spatially based on the concept of velocity. Piaget 

(1966) stated that the "intuition" of velocity preempts the child's 

awareness of time, even at the spatial level because of its property 

of measurability. To put it in Piaget's words, "space is a still of 

time, while time is space in motion." Elton and Messel (1978) con

curred with the writings of Piaget by stating that time is associated 

with rhythm and change and is developmentally based on speed and 

velocity. 

Kondo (1979), in a developmental study of the effects of tem

poral and spatial cues on reaction times, found that the effects of 

temporal factors were significant for 3rd, 4th, and 5th graders but 

not for 1st and 2nd graders. However, the spatial factors proved 

significant for 1st, 2nd, and 3rd graders. Siegler and Richards 

(1979) conducted research regarding the internalization of rules of 

time, speed, and distance concepts in 5-, 8-, 10-, and 20-year-olds. 

They concluded that, at five years of age, all three concepts are 
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understood as the same thing, while at twenty, time, speed, and 

distance are regarded as distinct and separate ideas. 

These studies provide evidence for the concept of covert changes 

in perception that were theorized by Piaget and others. These changes 

are indicative of "spatial to temporal concept" developmental 

sequence. The general theoretical construct is that the child makes 

distinctions and acquires meaning based on the perceived information 

that surrounds an event or thing. These perceptual and meaningful 

distinctions can be facilitated by language. For example, a 

categorical term such as "money" is consistent with the physical and 

functional similarities of "nickel" and "dime." These conceptual and 

semantic acquisitions are easily exemplified in concrete terms and 

referents which can be observed visually. 

The Role of Language as Symbolic Representation 

Linguistic "marking" is a theoretical explanation of how "real 

life" can be represented by language. A marker serves as an indexing 

device for categories of specific aspects of a thing, event, or 

concept. Markedness is one explanation for how language specificity 

for a category such as time may develop. Eve Clark (1973) utilized 

this construct of marking to explain how a child acquires the 

perceptual features of a piece of semantic information. The child is 

exposed to different "pieces" of semantic information through 

individual life experiences, and this variability makes semantic 

acquisition a complex and dynamic process for each child. Weil (in 
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Beilin, 1975) concluded that: (a) cognitive operations fundamental to 

the concepts of time either anticipate or accompany linguistic 

development, and (b) the possession of time language alone is not 

sufficient for conceptual understanding. 

In summary, although events are observed visually, the marking 

of events in time is an auditory-linguistic phenomenon. That is to 

say that when past or future events are referred to, the referent is 

not present and there is no visual sign in auditory-oral language for 

these temporal markers. Gunnell (1968) stated that unless an event 

can transcend the "human instant" (i.e. be symbolically represented), 

there can be no sense of duration. Morehead and Morehead (1974) 

analogized that just as walking frees the child's upper body from the 

constraints of gravity, representation frees the child from the 

constraints of the immediate present. Chomsky (1965, 1968) stated 

that a priori, intuitive knowledge enters into the acquisition process 

but is dependent on auditory perception of English expressions for 

space and time and how to apply them. These expressions are found in 

both the semantic and syntactic aspects of our language. Semantic 

aspects, or the time lexicon, includes words that denote time of day, 

year, action, life (age), or duration (Beilin, 1975). Other lexical 

terms make a comparative time reference such as "before" and "after." 

These time-comparative terms denote non-simultaneous events expressed 

by sequencing changes in syntax. The syntax of time includes 

indications of tense and constituent order within sentences that 

denote temporal relations (Beilin, 1975). 
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Problems in Psycholinguistic Research 

An overview of the factors involved in the literature addressing 

temporal concept development include: (a) the concepts of succession 

and duration in the context of a continuum; (b) the time lexicon, 

meaning words, or markers which express units of time from a macro or 

micro perspective; and (c) time syntax which includes tenses and the 

aspects of constituent order within sentences which indicate time 

relations. The description of semantic and syntactic aspects of time 

are prevalent in the literature, although comprehensive methods for 

studying child language are dependent upon the "rich interpretation" 

approach espoused by Bloom (1970) and Brown (1973). This method does 

not try to isolate variables, but relies on the context and experience 

of the child for the interpretation of the finding. It is question

able whether examining children's utterances in retrospect can 

adequately isolate the factors in the acquisition process, and as 

Friedman and Seely (1976) pointed out, this research approach views 

children's cognitive organization with the constraints of the adult 

mind. 

If the concepts of time develop from spatial to temporal 

dimensions through cognitive reorganization, there is no comprehensive 

linguistic theory in the literature which adequately accounts for the 

psychological aspects of the development of time language. The lack 

of theoretical explanation for time language development makes the 

problem of isolating the variables in the acquisition of temporal 

concepts an arduous task. Beilin (1975) reflected that if language is 
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to represent this very complex cognitive process, it would be 

necessary for its own structure to be equally complex or reduced to a 

few yery abstract rules. The lack of agreement in the literature 

regarding the relevant variables in linguistically oriented temporal 

reference studies accounts for the lack of consistent and definitive 

interpretations. Richards (1979) observed that many of the children's 

comprehension tasks are confounded by response biases to linguistic 

and nonlinguistic phenomena within the context of the specific 

research methodology. It remains problematic that any method of 

research which relies on the interpretation of naturalistic 

observation is dependent on the skills and orientation of the 

investigator. An example of this obscurring of issues was the 

accusation by Richards (1979) with regard to Eve Clark's (1973) 

semantic feature acquisition theory. She had overlooked vital 

information, according to Richards (1979), by excluding some of the 

possible interpretations from her findings. 

The linguistically oriented theories explain facets of the 

cognitive, semantic, and syntactic factors, although many of the 

authors peer through the tunnel of their own orientation biases. The 

research is accurate, yet provides a limited understanding of the 

development of the human concept of time. Examples of this bias are 

found in Katz (1972) with his interpretive semantic theory which 

introduced a semantic basis into syntactic theory and in MacDonald 

(1972) with his explanation of time prepositions having both semantic 

and syntactic considerations. Although these authors consider both 
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the semantic and syntactic factors, Beilin (1975) noted that their 

conceptual distinctions with regard to linguistic analysis are "not 

analyzed as to their adequacy as conceptualizations of time." 

Semantically every proposition which is indexed in time must have an 

event to which this time is assigned. That is to say, events are 

marked in time through linguistic referents. Logically, there are no 

other available referents for events. Given this construct, there 

must be an internal structure of meaning for the symbols of time 

before they can be understood. 

Word Meaning Acquisition 

Word meaning acquisition and its relation to concept formation 

is probably the most frequently addressed issue in this body of 

literature. If intuitive awarenesses are prerequisites in the 

formation of important concepts, is it possible for this process to be 

augmented? Smith (1980) posited that most English speaking children 

acquire the progressive morpheme "ing" and the inflection for past 

tense by the end of their third year, and acquire the use of temporal 

adverbials well after they have acquired the use of other adverbials. 

She further stated that most of the more complex temporal expressions 

are not acquired until about five years of age. Bloom, et al. (1977) 

investigated the acquisition of the "ing" morpheme and concluded that 

this form is not acquired before the concept of the progressive verb. 

The later acquisition of the "ing" is evidence for the theoretical 

view that the more complex a temporal concept, the older the child 
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when it is acquired. Bateman (1968) reviewed the literature regarding 

the acquisition of specific morphemes and basically concludes, with 

some qualifications, that the acquisition of time concepts is 

facilitated by direct teaching. Gothberg (1949) argued that the child 

can become confused by efforts made through the teaching process. She 

did not feel that it is harmful as a practice in general but 

unnecessary in conjunction with normal developmental experiences. 

Beilin (1975) found that time concept training benefitted children 

more as they grew older. The question still remains whether the 

differences found are due to training or variables associated with 

normal development. 

The development of the skills involved to produce temporal 

expressions is discussed by Herbert Clark as the child's acquisition 

of what he terms "L-space," which referred to the comprehensions of 

adjectives and prepositions in our language with regard to both space 

and time (e.g., long and short; above and below). Based on this 

premise, Herbert Clark posited that time concepts are developed 

through the acquisition of the L-space, first as terms generalized to 

both space and time. Eve Clark (1971) supported the theory of L-space 

through her notion of the semantic feature hypothesis. She described 

the acquisition of semantics as occurring in the form of partial 

meanings as the child identifies one or two features of the word 

initially. She stated that in this way children learn to apply words 

first to perceptual events and then to more complex cognitive events. 

She has found that the child will acquire the positive aspects of the 
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word first and overextend this meaning to the word used as opposite in 

meaning. For example, the term "before" may be used as the term 

"after" in the proper context (Eve Clark, 1973). In other studies, 

Decroy and Degand (1913) and Harner (1975) noted the overextension of 

the positive term in the pair of "tomorrow and yesterday." Friedman 

and Seely (1976) challenged the hypothesis of Eve Clark in their 

critique of the semantic feature hypothesis. It was their basic 

objection that her acquistion of features does not account for the 

developmental increases in the flexibility of word meaning and that 

the "features" that Clark discussed are salient only in the adult 

mind, not necessarily for the child. Friedman and Seely (1976) 

proposed alternately that temporal concepts are acquired through 

cognitive reorganization and the understanding of referential concepts 

rather than perceptual features. 

Herbert Clark (1973) added to Eve Clark's theoretical 

explanation by contributing his complexity hypothesis as the next 

logical step in the acquisition of the adult lexicon. The complexity 

hypothesis stated that, in the understanding of opposite terms "A" and 

"B", "B" requires that all terms relating to "A" must be acquired plus 

one, so "A" is initially acquired and overextended until a complete 

definition is obtained. Troyer (1971) supported this view that the 

comprehension of the positive term is easier than the comprehension of 

negative terms and states that directional prepositions (to-from) are 

more easily acquired than relational (ahead-behind) terms. This 

brings the discussion to Herbert Clark's interesting statements 
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regarding time as a spatial metaphor. He noted that time is often 

described in words used in conjunction with space (i.e., time is 

short; the day is long) and that spatial terms used in this way are a 

metaphorical use of the less complex spatial connotation. 

Another interesting observation by Cromer (in Beilin, 1975) was 

that failure in the acquisition of temporal structures by the age of 

six, was the child's "inability to decentre." This reference to the 

loss of egocentricity as a developmental stage suggests a formal 

transition from the stage of concrete operations. This transition 

also represents a cognitive reorganization (Piaget,1927). Ferreiro 

and Sinclair (1971), Bronckart and Sinclair (1973), and Smith (1980) 

supported that decentering, as a cognitive ability, must be acquired 

before tenses are consciously used to code temporal order. They 

suggested that when tenses appear in the speech of children prior to 

this developmental stage, or before the age of about six, they are 

representing the aspect of perfective or naturally completing events 

rather than actual past events. Halliday (1975), in a discussion of 

the development of narrative abilities, noted that children have 

recall of past events at a very early age. He interpreted this to 

mean that they have some rudimentary concept of pastness even though 

they may use the present tense to talk about past events. 

Szagun (1979), in a comparison of English and German children's 

spontaneous speech, noted that the first temporally marked verb forms 

are past in both languages rather than future. There is also 

agreement that the use of the tenses in appropriate linguistic form is 
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indicative of the cognitive organization of temporal experience. 

Webber and Webber (1976) posited that "time other than now" is lumped 

under many inaccurate markers originally and that descriptive units 

must be acquired semantically as well as the cognitive concept of a 

continuum. Sheppard and Stuart-Smith (1978) investigated the 

relational terms "beginning," "middle," and "end" to find clear errors 

in the use of these terms prior to the age of six, but with a rapid 

increase in the correct use of these terms after this age. Hoskins 

and Collins (1979) found that, prior to a complete understanding of 

relational terms, children rely on order-of-mention strategies. 

It may be concluded that time as a nonlinguistic, unmarked 

concept can only be perceived spatially. This precludes the concepts 

from being manipulated or expressed without some representational 

system (i.e., language). The reciprocal conclusion is that language 

itself is marked in time. Viewing auditory-oral language as events 

which have no observable referents, the only process for the 

construction of a meaningful and functional understanding of time is 

through audition. One connecting thread exists through the studies 

reviewed: that the cognitive aspects of time accompany, and are 

facilitated by, linguistic development. More specifically, the 

construct of the semantic features of time words are imperative in the 

functional understanding of time concepts. Without the perceptual 

input of the auditory sense, what limited semantic features are 

communicated to the child and what is the impact of early auditory 

deficit on the formation of the time concept hierarchy? 
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Language as the Structural Components of Thought 

Spengler (1926) stated that higher cultures alone have the 

concept of time because of the development of a linguistic hierarchy 

supporting those concepts. This idea, although not undebated in the 

literature, parallels the writings of Whorf (in Carroll, 1956); Black 

(1959); Lenneberg (1967); and others who support the premise that 

language interacts with mental processes to create conceptual 

realities that are indigenous to a culture. According to Whorf (in 

Carroll, 1956), a culture's conception of the universe conforms to the 

structure of its language. His case in point is the Hopi Indian 

tribe, whose language lacks any reference to time and whose 

grammatical structure gives no indication of an objective measure of 

time within their spoken communication. Whorf hypothesized that time 

had lost its place as a necessary mode of experience for this group of 

people and that temporal ordering is a learned rather than a perceived 

phenomenon. The nature of the language of signs is cited in the 

literature as being devoid of tenses which can represent specific time 

in the context of the event. Schlesinger and Namir (1978) stated that 

temporal ideas and relations are transferred into spatio-directional 

expressions. It may be observed that within the context of 

information being related in sign language, the receiver may have no 

idea as to the time of the occurrences. The time frame may be noted 

once at the beginning of the story, and then never referred to again. 

The relationship of this lack of tense usage within the context of 
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sign language is interesting from the perspective of ideas of Whorf. 

Although the relationship of thought and language has been debated at 

length, the idea that language could shape the concepts of time is of 

particular relevance as a possible interpretation of the findings of 

this present study. 

The Concept of Time in the Congenitally Hearing Impaired 

Audition and Time Concepts 

In considering the process of the development of time concepts, 

audition is the key sense which enables the theoretical perceptual 

processes to occur in normals. If this early auditory stimulation and 

semantic marking does not occur, how is the perspective of time 

altered developmentally? This section of the review of the literature 

will note the major findings in this area. In the literature, the 

relationship between the sensory modality of audition and the 

perception of time is quite extensive. Hirsh (1959) pointed out that 

the basic dimension for objects is space, while the basic dimension 

for events is time, which he states is perceived auditorally. 

Fraisse (1963) stated that hearing is the main organ through which we 

perceive change and locate stimuli in time. Orme (1969) supported the 

perception of speech as primarily a temporal phenomenon in stating 

that the listener must make judgments that are basically those of 

temporal sequence. Liberman, et al., (1957, 1961) characterized 

speech perception as a function of duration discrimination. The 
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identification of temporal order between audible sequences demands 

longer intervals between stimuli, according to Hirsh (1959) and Warren 

and Obusek (1972). These empirical studies attribute indirect 

evidence to the proposition that the sense of audition is elemental in 

the development of a normal concept of time. Smith (1980) supported 

Reichenbach's (1947) notion that a full temporal system within any 

language involves the components of speech time, as well as reference 

time and event time, and that this system must be flexible enough to 

account for shifts in orientation of oral-verbal language. 

Is it possible that the "mechanism" for decoding spoken and 

written language is dependent on temporal concepts even for sorting 

out and ordering temporal events? Rileigh and Odom (1972) stated that 

rhythm perception as a temporal skill can only be acquired as a 

representational system through auditory perception. This implies 

that if one has not had the experience of hearing a rhythm or tone, it 

would be impossible for one to remember even a visually presented 

rhythm. The field of comparative psychology provides some theoretical 

information regarding impaired persons who may have no concept or 

limited concepts of oral-verbal language. It is unfortunate that 

deafness cannot often be studied under controlled conditions as with 

animal studies research. Tees (1967) found that normal rats raised 

without early auditory experience had difficulty learning a duration 

discrimination problem. Can it be theorized that early auditory 

stimulation plays not only a basic role in the development of the 

language associated with time concepts, but the cognitive perception 
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of duration as well? Anooshian and Bryan (1979) found significant 

differences between hearing impaired and hearing children on a 

temporal matching task. They concluded that early stimulus 

deprivation will effect the mode of processing temporal information 

regardless of input modality. Anooshian and Bryan (1979) theorized 

that there may be a neurological basis for time perception ability. 

It was suggested that there may be a "place" in the brain where time, 

sequencing, and rhythm are processed whether the stimulus is presented 

visually, tactually, or in any of the sense modalities. This is an 

important distinction because it introduces the possibility of 

hemispheric specialization for time concept processing and 

development. Brookshire and Lommel (1974) stated that it is the left 

cortical hemisphere which is responsible for sequencing ability. 

Hirsh (1959) and Hirsh and Sherrick (1961) have extensively 

investigated aphasic disorders and concluded that there is often 

damage to the mechanism in the central nervous system which regulates 

the temporal ordering of perceptual events. Likewise, Brookshire and 

Lommel (1974) study examined aphasic patients with both right and left 

hemisphere damage in visual-temporal and auditory-spatial sequencing 

tasks. Although there were no conclusive findings with regard to 

hemispheric specialization on these tasks, it was found that the brain 

damage significantly effected both groups on the auditory temporal 

task in a negative fashion; that is, the subjects required longer 

durations of silence between stimuli for comprehension. In general, 

it can be concluded that the inability to make judgments of the order 



35 

of serial, auditory events both expressively and receptively suggests 

temporal malfunction as a contributing factor in the communication 

problems of aphasic persons (Aten and Davis, 1968; Eisenson, 1968; 

Efron, 1963, 1967; Ebbin and Edwards, 1967). Poizner and Lane (1979) 

showed that there is cerebral assymetry in the perception of sign 

language indicating that there is a right hemisphere advantage in the 

perception of spatial characteristics of linguistic stimuli. It 

remains a theoretical possibility that the lack of input into the left 

hemisphere in the form of auditory/verbal language could effect the 

efficiency of the other abilities indigenous to that hemisphere. 

Auditory Imagery and Time Concepts 

Tomlinson-Keasey and Kelly (1974) stated that the internal 

symbols used by the congenitally deaf are, in all likelihood, quite 

different from the symbols that the hearing use in their cognitive 

processing. They stated further that the processing systems which 

develop as a result may be quite different from the normal hearing 

person. Watts (1979) found differences between the deaf and hearing 

children on classical Piagetian tasks. Past the stage of concrete 

operations, he found variable differences between these two groups 

which were not characteristic of any other disability groups. Watts 

attributed the differences to experiential deficiency rather than 

language. Hirsh (in Teuber, 1967) suggested that information 

conducted into a defective sensory system, such as in the case of the 

hearing impaired, could be augmented with visual cues. Hirsh, 
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however, did not address the problem of how altering the developmental 

experience could alter the cognitive organization, learning recall. 

Anooshian and Bryan (1979) concluded that it was not the input of 

temporal information that was a problem for the hearing impaired, but 

the recall of that information. The theoretical explanation for this 

difficulty in recall involved the lack of ability to image any 

auditory stimulus. 

In view of some of the findings presented regarding the 

importance of the sensations of sound as a stimulus to temporal 

perception, the suggestion of visual cues as a means of developing 

temporal concepts for the hearing impaired would be as useless as 

trying to develop color perception through touch. Husserl (1964) 

summarized that sound itself offers temporal sensations that cannot be 

replaced by visual cues for the purposes of concept development. 

Time Estimation by Hearing Impaired Persons 

Empirical findings in the area of time estimation in deaf 

persons is meager. Stagarone (1963) compared 31 deaf and 31 hearing 

adolescents using the method of reproduction. There were no 

significant differences found between the filled and unfilled 

intervals of the deaf and hearing subjects, although there was a 

tendency on the part of the deaf subjects to overestimate (reproduce a 

longer interval). Oleron (1957), observing 33 deaf children, ages 

four to seven, on tasks of temporal and spatial order, found that the 

deaf were developmentally about two years behind their hearing peers 



37 

on the temporal order task, but found no significant differences 

between the deaf and hearing on the task of spatial order. Kenney 

(1970) investigated two groups of deaf and one of hearing persons on a 

task of verbal estimation and found that the deaf groups signficantly 

overestimated the length of audible tones. Komarov and Savenkov 

(1976) studied the ability of the deaf to reproduce time intervals 

during filled intervals (physical exercise) with the deaf having 

significantly greater errors, although the direction of the error 

pattern was not reported. 

In view of the findings presented in this final section of the 

review of the related literature, it should be pointed out that the 

age of onset of the hearing loss could be the most crucial factor in 

the development of time perception ability. The close relationship 

with age of onset of hearing impairment to the development of language 

must also be considered. Moores (1978) summarized most research in 

the area of language development of the hearing impaired and concludes 

that the age of onset and the severity of the hearing impairment have 

a great effect on the development of language. 
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Summary and Purpose of the Present 

Investigation 

In this review it was concluded that there exists a theoretical 

correlation between the sense of hearing and the sense of time, 

whether it be the knowledge of duration or in the form of rhythm. The 

nature of this theoretical correlation is not well understood. If the 

correlation does exist, the causality of the relationship between time 

and the sense of hearing is a more complex question. The present 

investigation is addressing the most obvious question: Do 

congenitally, hearing impaired individuals differ significantly from 

hearing persons on their ability to estimate time? Although some 

previous studies seem to indicate some differences, the current 

literature fails to specifically address the question of the age of 

onset of the hearing impairment as a factor in the accuracy of a time 

estimation task. This investigation was constructed as it was so that 

the variable of the age of onset was considered to be an integral part 

of the subject variables. 

In the area of time estimation, the four primary methods of 

empirical research are: 

1) Verbal estimation of elapsed time interval 

2) Production of a time interval by the subject 

3) Reproduction of a time interval by the subject 

4) Comparison of two time intervals 

In the review of the literature, some questions were raised regarding 

the efficacy of the reproduction method of research in time 
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estimation. The negative aspects of this method include highly 

variable and uncorrected results when compared with the three other 

primary methods of study (Bindra and Waksberg, 1956; DeWolfe and 

Duncan, 1959; Frankenhaeuser, 1959; Siegman, 1962; Gilliland, Hofeld, 

and Eckstrand, 1946; Clausen, 1950; Ochberg, Pollack, and Meyer, 1965; 

Doehring, 1961; Gilliland and Humphreys, 1943). As a result of these 

findings, the method of reproduction was screened out for the purposes 

of this study. The comparison method was rarely cited in the 

literature and so was screened out as a method of time estimation 

procedure for this study. Another difficulty in using the comparison 

method was in equating the results with the three other methods. The 

verbal, production, and reproduction methods yield scores which can 

easily be compared to an ordinal scale. 

The methods of verbal estimation and production have been chosen 

to examine the following questions: 

1) Do congenitally, severely hearing impaired persons of 

either viral or nonviral etiology differ from hearing persons in their 

ability to estimate short time intervals? 

2) Do congenitally, severely hearing impaired persons differ 

from each other on a task of time estimation with regard to etiology 

(viral vs. nonviral)? 

3) Do the groups of subjects have consistent perceptions of 

duration between the verbal estimation and the production method of 

time estimation performance, or are their individual differences 

within these methods? 



40 

4) Does time pass more quickly for those engaged in 

structured activity than those without a structured task during the 

time estimation procedure? 

The research questions for which data were analyzed, provided 

evidence for the following null hypotheses: 

HOI There is no significant difference between congenitally, 

severely or profoundly hearing impaired persons of viral and nonviral 

etiology and normal hearing persons on time duration estimation 

Methods I (verbal estimation) and II (production of time interval). 

H02 There is no significant difference in the effect of 

structured and unstructured activity on time duration estimation for 

congenitally, severely or profoundly hearing impaired persons of viral 

and nonviral etiology and normal hearing persons. 

H03 There is no significant difference between persons 

having congenital viral and nonviral etiologies of deafness on time 

duration estimation procedures. 

H04 There is no significant difference between persons 

having congenital viral or nonviral etiologies of deafness or normal 

hearing persons on time duration estimation procedures. 
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METHOD 

Subjects 

Three groups of 24 subjects each were chosen using a criteria of 

hearing level, measured I.Q., and age. The groups were designated as: 

(a) hearing impaired, viral (HIV) (b) hearing impaired, congenital, 

nonviral (HIC), and (c) normal hearing (HNL). All subjects were 

between the chronological ages of 13 and 21 with a mean age of 15.7 

years. All subjects were attending a public school program. 

Adolescents were used as subjects to minimize the variables of 

developmental irregularities in temporal concepts. All hearing 

impaired group subjects have I.Q. scores ranging from 78-126. 

Although debated in the literature, these scores are considered normal 

or above for hearing impaired persons on standardized measures of 

intelligence (Vernon, 1968). It should also be noted that all 

subjects were functioning adequately in the normal classroom. The age 

of onset for all hearing impaired subjects was prior to the age of 

two, which places them in the category known as prelingually hearing 

impaired (Schein and Delk, 1974). Audiograms of the hearing impaired 

subjects were taken from existing school records and were within the 

range of loss defined as severe (65-90 dB) or profound (90+ dB) 

(Martin, 1977). Actual hearing loss ranges for the HIV group were 

from 72-110 dB in the better ear, unaided. The HIC group had measured 
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losses from 77-110 dB in the better ear, unaided. These categories of 

hearing loss, by definition, insure that the hearing impaired person 

has no usable hearing for the purposes of the discrimination of speech 

sounds (Moores, 1978). All hearing impaired subjects were skilled in 

Manual Communication. The group of normally hearing subjects (HNL) 

were be within the normal range of I.Q., according to the Slosson 

Intelligence Test (Slosson, 1963), with no hearing deficits as 

determined by the routine school screening procedure. The Slosson 

Intelligence was chosen both for its brevity and for its concurrent 

validity with the Stanford-Binet, Form L-M (r = .92) (Slosson, 1963). 

Procedure 

Method I 

The stimulus duration was presented via a constant light signal 

in conjunction with a Standard Electric Time Corporation high-accuracy 

timer. After the instructions were given and verified, the stimulus 

light was illuminated for a three minute interval. The subject then 

responded in sign language or verbally, giving his/her estimate of the 

interval. The same procedure was conducted again, but with the 

subject being given the structured task described later. The light 

was clearly visible to the subject at all times during Method I. The 

subject was again asked to respond in sign or report verbally his/her 

estimate of the interval. No feedback was given at any time during 

this procedure. 
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Method II 

In the method of production, the subject is asked to delimit a 

specific duration of time. In this investigation, the subject was 

asked to turn on the same light used in Method I for a three minute 

duration. The timer functioned to correctly judge the actual duration 

that the subject had delimited. The subject responded to this task 

under both structured and unstructured conditions as discussed in the 

subsection describing Method I. Produced time intervals were recorded 

by the experimenter, but no feedback of any kind regarding performance 

was given the subject. 

Screening 

Each hearing impaired subject was screened through a brief set 

of questions. These questions were devised for the purpose of 

eliminating subjects that could not demonstrate familiarity with the 

terms and concepts of second, minute, and hour. The following 

questions were presented, by the examiner, in Total Communication: 

1) Do you know the words: "second," "minute" and "hour" 

(each of the words were fingerspelled for the subject)? 

2) What signs do you use for each of these words? (this 

clarification was to prevent any miscommunicating through sign 

variations; the examiner used the sign variation which was most 

familiar to the subject) 

3) Which is longer: a minute or an hour? 

4) Which is shorter: a second or a minute? 
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After two of the first five subjects gave verbal estimates of 

one hour for the three minute interval, the following screening 

questions were added: 

5) What is your favorite class? 

6) How long does your (favorite class) last? 

Eleven subjects were eliminated because they did not meet the 

screening criteria. Of these eleven subjects, nine were unable to 

differentiate between the "minute" and "second" terms and two were 

unable to answer correctly if an hour was longer than a minute. 

Experimental Procedures 

Each screened subject was seated across the table from the 

experimenter. Subjects were provided with written instructions 

initially and asked to read them. The instructions were composed on a 

fourth grade reading level to accomodate the reading level deficit 

that is reported to exist among the hearing impaired population 

(Moores, 1978). Method I of time estimation was the verbal method, 

where the subject was asked to estimate and report the length of a 

stimulus interval in terms of objective clock time. Method II of time 

estimation will be the production method in which the subject was 

asked to operantly delimit an interval, the length of which was given 

in sign or verbally. All subjects were asked to read the written 

instructions that had been prepared regarding the procedure. The 

instructions were presented in Total Communication to all hearing 

impaired subjects by the experimenter, who is certified in manual 
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communication by the Registry of Interpreters for the Deaf, and orally 

to the normal hearing. All subjects were given the opportunity to ask 

questions about the procedure, but were given no feedback regarding 

the correctness of their estimates. Each subject was debriefed by the 

experimenter after all of their time estimates were obtained. The 

subject was told the purpose of the study and was thanked for his/her 

cooperation. 

For each of the two methods, the experimental conditions 

consisted of structured and unstructured time (filled and unfilled). 

The order of presentation for all four method/structure combinations 

was randomized by permutation set. The four basic elements of 

combinations were: 

Method I-Structured 

Method I-Unstructured 

Method Il-Structured 

Method Il-Unstructured 

Each of the 24 permutation sets were assigned to a subject from a 

Table of Random Numbers (Downie and Heath, 1965). 

Gulliksen (1927) and Goldfarb and Goldstone (1963) found that 

intervals devoid of activity are estimated to be longer than filled 

intervals of the same length. Although Buffardi (1971) and Rai (1973) 

found the opposite results, it is apparent that the nature of the task 

within the interval has some effect on the experience of the duration. 

Deleting the structure of the task as a variable could obscure the 

nature of the results, and so a filled and unfilled interval were 
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included in the procedure of each method. The unstructured time was 

devoid of any instructions to the subject, and so it was "filled" by 

his/her own preference to facilitate the time estimation accuracy. In 

the experimental debriefing, data were collected regarding the 

individual subject's use of the unstructured time (i.e., subject was 

asked what he/she was thinking of during the unstructured duration) 

for both experimental methods. 

The structured task for both methods consisted of a mimeographed 

sheet containing 100 uniformly sized circles. Subjects were asked to 

put three dots in each circle during the structured task within each 

method. This task was chosen for its uniformity and consistency of 

content. Within the structured aspect of the experimental procedure, 

the number of circles which were filled with three dots each were 

recorded for both Method I and Method II. These scores will be 

referred to as Production I (data collected from Method I) and 

Production II (data collected from Method II). 



CHAPTER IV 

RESULTS 

The experimental findings and data analysis are presented in 

this chapter. Initially, descriptive statistics for time estimation 

scores are presented for Method I and Method II with regard to both 

structured and unstructured conditions. Following the descriptive 

statistics are a brief discussion of the findings from the analysis of 

covariance procedure, which was the proposed method by which the data 

was to be analyzed. The deviation from this proposed procedure will 

be discussed. Next, the results of a Chi Square analysis of the data 

are presented. The use of this nonparametric statistic, although not 

in the original design, became necessary for a technically accurate 

reporting of the results. Finally, ancillary findings of the number 

of items responded to during the structured tasks of both methods are 

presented. 

Descriptive Statistics 

The means, standard deviations, and ranges of time estimation 

scores for both methods with regard to each of the subject groups are 

presented in Tables 2 and 3. All scores are reported in seconds. A 

brief examination of Tables 2 and 3 shows the large differences 

between the group scores with regard to method. It can also be noted 

by inspection, that the two hearing impaired groups are relatively 

similar in their scores, while the normal hearing group is markedly 

different with regard to mean and standard deviation scores. External 
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range scores were included in Table 4 so that the reader may be 

introduced to some of the unusual results that created difficulty in 

the meaningful analysis of this data. 

Note the differences between the mean scores resulting from 

Method I, as presented in Table 1, and the mean scores resulting from 

Method II, presented in Table 2. These differences are more marked 

between the hearing impaired group than the normal hearing. The 

normal hearing group showed relatively lesser differences between the 

methods. 

Table 2 

Means and Standard Deviations for Time Estimation 

Scores in Seconds for the Three Groups Using Method I 

Group Structured Unstructured 

M SD M SD 

Hearing Impaired Viral 2132.9 1436.8 1749.6 1535.7 

Hearing Impaired Nonviral 1374.4 1330.6 968.8 1217.5 

Normal Hearing 205.4 68.1 299.9 140.2 

Note: n = 24 for each group 
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Table 3 

Means and Standard Deviations for Time Estimation Scores 
in Seconds for the Three Groups Using Method II 

Group Structured Unstructured 

Hearing Impaired Viral 

Hearing Impaired Nonviral 

Normal Hearing 

M 

38.6 

86.5 

152.1 

SD 

30.4 

80.5 

57.3 

M 

69.1 

95.2 

151.5 

SD 

54.1 

72.1 

50.2 

Note: n = 24 for each group 

Table 4 

External Range Scores for Time Estimate in Seconds for the 
Three Groups for Methods I and II with Task Structure 

Group Method I Method II 

U •** U •k-k 

Hearing Impaired Viral 

Hearing Impaired Nonviral 

Normal Hearing 

100-3600 100-3600 

100-3600 120-3600 

111- 360 90- 600 

4-101 14-222 

2-312 3-285 

36-296 68-236 

Note: n = 24 for each group 

*S = Structured 
**U = Structured 
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Analysis of Covariance 

The proposed method of data analysis for the present study was 

analysis of covariance in a 3x2x2 nested design. The variables that 

were chosen as covariants were I.Q., age. Production I and Production 

II. 

After a standard transformation of the data (Kirk, 1968) 

analysis yielded highly significant differences between and within-

groups. These results are not reported because the basic data failed 

to meet one of the assumptions imperative in the use of analysis of 

variance and covariance, homogeneity of variance. Therefore, other 

statistical procedures were selected so that the results could be 

accurately reported. 

Chi Square Analysis 

The inability to utilize the analysis of covariance procedure 

resulted in the use of nonparametric techniques for meaningful 

analysis of the data. It is obvious from visual inspection of the 

data in Tables 2 and 3 that large differences exist between the three 

groups as well as a large range in the scores, particularly for the 

hearing impaired groups. To make the correctness or incorrectness for 

the time estimate more clear, a margin of error was established as 90 

seconds or 1.5 minutes either over or under the correct estimate of 

180 seconds or three minutes. The raw data was then analyzed in terms 

of its observed versus expected error using Chi Square. 
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The results of these analyses are reported in Tables 5-14. 

Significant differences were not noted between the two methods with 

regard to correctness of estimate as shown in Table 5. 

Table 5 

Chi Square Analysis of Time Estimation Score 

Correctness in Method I and Method II 

Correct Incorrect Total 

Method I 59 85 144 

Method II 69 75 144 

Total 128 160 

X^ = 1.41 (NS) 

df = 1 

p = .236 

These findings are consistent with the majority of the research in 

time estimation methodology. The verbal and production methods were 

chosen for their historical similarity in estimate accuracy. 
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The structure of the task did not produce significant results in 

time estimate accuracy. Although more subjects estimated incorrectly 

during the structured tasks, one of the limitations of this analysis 

is that the direction of the error is not discernable. Calculations 

from the raw data indicates that the scores were overestimated 

overall, but with regard to structure, the unstructured interval was 

estimated as longer, on the average. 

Table 6 

Chi Square Analysis of Time Estimation Score 

Correctness in Structured and Unstructured Tasks 

Correct Incorrect Total 

Structured 61 83 144 

Unstructured 67 77 144 

Total 128 160 

X^ = .51 (NS) 

df = 1 

p = .477 
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Tables 7 and 8 delineate the differences between the structured 

and unstructured tasks for each of the two methods separately. 

Although neither of these Chi Square analyses are statistically 

significant, it is interesting to note that the largest number of 

incorrect estimates occurred during the unstructured task for Method 

I. Informal inspection of the raw data (Appendix A) indicates that 

errors were primarily overestimates of the time interval for Method I. 

Frequencies of the over- and underestimates for methods and task are 

found in Table 15. 

Table 7 

Chi Square Analysis of Time Estimation Score Correctness 

in Method I in Structured and Unstructured Tasks 

Correct Incorrect Total 

Structured 30 42 72 

Unstructured 29 43 72 

Total 59 85 

X^ = .029 (NS) 

df = 1 

p = .865 
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Table 8 

Chi Square Analysis of Time Estimation Score Correctness 

for Method II in Structured and Unstructured Tasks 

Correct Incorrect Total 

Structured 31 41 72 

Unstructured 38 34 72 

Total 69 75 

X^ = 1.363 (NS) 

df = 1 

p = .243 

Tables 9 and 10 further delineate the relationship between the 

structure and method variables and the time estimate accuracy. It can 

be noted from these tables that more errors occurred overall during 

Method I/unstructured procedure. 



Table 9 

Chi Square Analysis of Time Estimation Score Correctness 

for Unstructured Task Conditions for Methods I and II 

X^ = 2.261 (NS) 

df = 1 

p = .133 

Correct Incorrect Total 

Method I 29 43 72 

Method II 38 34 72 

Total 67 77 

57 
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Table 10 

Chi Square Analysis of Time Estimation Score 

Correctness for Structured Task Conditions for Methods I and II 

Correct Incorrect Total 

Method I 30 42 72 

Method II 31 41 72 

Total 61 83 

X^ = .028 (NS) 

df = 1 

p = .866 

Significant differences were found between the three groups with 

regard to correctness of time estimation score. Table 11 presents 

this analysis of correctness by group. 
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Table 11 

Chi Square Analysis of Time Estimation Score 

Correctness in Each of the Three Subject Groups 

Correct Incorrect Total 

Hearing Impaired 
Viral Etiology 17 79 96 

(HIV) 

Hearing Impaired 
Congenital, Nonviral 34 62 96 

Etiology (HIC) 

Normal Hearing (NHL) 77 19 96 

Total 128 160 

X^ = 80.69 

df = 2 

p = .0001 

The gross differences between the two deaf and one normal 

hearing group with regard to accuracy of estimate should be noted. 

The hearing impaired group with viral etiology was less accurate in 

their estimates than the nonviral. 
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Tables 12, 13, and 14, are Chi Square Analyses between the three 

subject groups making comparisons in a 2x2 design. These three 

analyses were performed to more clearly differentiate the relationship 

between any two of the subject groups. Although all differences were 

found to be significant, the least significant difference is between 

the two hearing impaired groups. 

Table 12 

Chi Square Analysis of Time Estimation Score Correctness 

for Hearing Impaired Viral and Hearing Impaired 

Congenital, Nonviral Group 

Correct Incorrect Total 

Hearing Impaired 
Viral Etiology 17 79 96 

(HIV) 

Hearing Impaired 
Congenital, Nonviral 34 62 , 96 

Etiology (HIC) 

Total 51 141 

X^ = 7.716 

df = 1 

p = .006 
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Table 13 

Chi Square Analysis of Time Estimation Score Correctness 

for Hearing Impaired Viral and Normal Hearing Groups 

Correct Incorrect Total 

Hearing Impaired 
Viral Etiology 17 79 96 

(HIV) 

Normal Hearing (NHL) 77 19 96 

Total 94 98 

X^ = 75.033 

df = 1 

p = .0001 
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Table 14 

Chi Square Analysis of Time Estimation Score Correctness 

for Hearing Impaired Congenital Nonviral, Normal Hearing Groups 

Correct Incorrect Total 

Hearing Impaired 
Congenital, Nonviral 34 62 96 

Etiology (HIC) 

Normal Hearing (NHL) 77 19 96 

Total 111 81 

X^ = 34.485 

df = 1 

p = .0001 

The extremely high level of significance between the accuracy of 

the scores of these groups provoked curiosity as to causality and will 

be discussed in the following chapter. 



CHAPTER V 

DISCUSSION 

The present study's purpose was to determine the differences on 

two methods of time estimation between hearing impaired persons of 

viral and nonviral etiology and normal hearing persons. This chapter 

will provide a summary of the findings, an interpretation of the 

results, and suggestions for future research. 

The original research questions which formed the basis of this 

study (see hypotheses) did not address the issue of over/underestima

tion of time scores. The hypotheses for this study were stated in the 

null form because of a lack of similar previous research which could 

assist in forming directional hypotheses. The focus of this study was 

the correctness of the time estimate and disregard of the direction of 

the errors when they occurred. Table 15 is provided for the infor

mation of the reader regarding the directional trends of these errors. 

Inspection of Table 15 reveals a trend on the part of the 

subjects to overestimate with the verbal method (Method I) and to 

underestimate with the production method (Method II). The trend to 

over or underestimate appears to be exaggerated for the hearing 

impaired groups. It can also be observed from Table 15, that there 

were more exact estimates made by the hearing impaired groups for 

Method I. From inspection of the specific order in which the methods 
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Table 15 

Frequency of Overestimated, Exact, and Underestimated Time 

Scores by Group for Both Structure and Method 

Method 1/ 
Structured 

Method 1/ 
Structured 

Method 11/ 
Structured 

Method 11/ 
Structured 

Overestimate 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

= 

= 

= 

= 

21 
18 
13 

23 
18 
11 

1 
3 

10 

0 
3 
8 

Exact 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

Score 

= 2 
= 3 
= 0 

= 0 
= 2 
= 4 

= 0 
= 0 
= 0 

= 0 
= 0 
= 0 

Underestimate 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

HIV 
HIC 
NHL 

= 1 
= 3 
= 11 

= 1 
= 4 
= 9 

= 23 
= 21 
= 14 

= 24 
= 21 
= 16 
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were administered to those subjects who estimated correctly, here 

appears to be a relationship for the verbal to follow the production 

method. In the case of each of these exact estimates, the subjects 

had been asked first to delimit a "three minute" interval. 

The final analysis of the time estimation scores for the two 

hearing impaired groups and the normal hearing group revealed a highly 

significant difference among all three groups. Further analysis 

comparing the two methods of time estimation showed no significant 

differences. The variable of time structuring revealed no significant 

differences regarding accuracy of the estimates by the subjects. The 

largest difference in the estimates of time were between the hearing 

impaired group of viral etiology and the normal hearing group. The 

magnitude of this difference made parametric statistical analysis 

unfeasible. The previous studies regarding time estimation of hearing 

impaired persons gave no indication that the differences were so 

great. Another difference between the present study and the previous 

findings is that the earlier research gave no indication as to the age 

of onset of the hearing impairment for those subjects. Because the 

subjects for the present study were, by design, congenitally or 

prelingually hearing impaired, it is possible that the age of onset 

variable is of great importance as an indicator of developmental 

skills which may have been delayed due to lack of early auditory 

experience. 

The question which remains paramount: What are the roles of 

language and early auditory experience in the development of time 
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perception? The parameters of this study do not encompass a direct 

answer to the question. Conclusions to be discussed here raise many 

issues which can only remain speculative without further research. 

In a previous section, reviewing the development of the concept 

of time, the notion of semantic markers was discussed. Events that 

occur are marked in time and logically have no other referent which an 

observed indicator of that event. The lexicon and syntax associated 

with time permit reference to events or periods other than the 

immediate present. The congenitally and prelingually hearing impaired 

population has been largely found to be significantly language delayed 

(Moores, 1978). The factor of delayed language would limit the 

mastery of complex tenses, syntax, and vocabulary, thereby limiting 

the individual's ability to refer to and manipulate events in time. 

It is impossible, on the basis of the data from this present study, to 

determine if the hearing impaired subjects were inaccurate in their 

time estimates because of a limited ability to manipulate and develop 

time concepts. This speculation generates the next logical question: 

are time concepts, as revealed through time estimation ability 

specifically related to language development? 

If time estimation ability is interpreted as totally unrelated 

to language and semantic feature acquisition, some of the research 

which was reviewed indicates that the sense of audition is 

instrumental as a internal coding modality. As an example: 

explaining spatial concepts to a congenitally blind person is an 

arduous, if not impossible task. As in the story of the blind men and 
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the elephant, the blind men were conceptually limited to the part of 

the elephant which was in their immediate touch. Any other discussion 

regarding the size or color of the creature was beyond the blind men's 

ability to comprehend. The reason for this lack of comprehension was 

not necessarily because they could not actually see the animal. The 

blind men, with no experience at perceiving space, could not "picture" 

or image the animal even with a verbal explanation. Analogously, the 

lack of experience with audition which is the sense with which.time is 

most adeptly perceived, hearing impaired persons are limited in their 

ability to imagine time. A spatial understanding of time would 

preclude an accurate ability to estimate a duration without a visual 

stimulus to monitor which could demonstrate the passage of time 

visually. Piaget's (1966) statement: "time is space in motion" 

provides us with a better understanding of the developmental stage at 

which the deaf child becomes fixated with regard to time. The "space 

in motion" concept does not include the development of the 

metaphorical use of spatial terms that Herbert Clark (1973) theorized. 

The obvious one-to-one relationship between space and time in this 

early concept stage without symbolic representation precludes the 

understanding of metaphors of space as time. 

In distinct contrast to the cognitive/psycholinguistic 

orientation is the behavioristic realm of psychology. This discussion 

would not be complete without some theoretical speculation with regard 

to a behavioristic interpretation of the findings. There are some 

other variables which may be accounting for some of the variance 
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between the groups of subjects other than semantic development. All 

of the hearing impaired subjects were from the Texas School for the 

Deaf which is a progressive residential school program open to all 

deaf students throughout the state of Texas. Although the atmosphere 

is comfortable and homelike, the size and program of the facility 

dictate that many of the time structured activities function in a 

highly institutionalized pattern. Within the literature addressing 

itself to the effect of institutionalization on behavior, it becomes 

very obvious that one of the crucial losses that the institution 

resident suffers is that of flexibilty of schedule. It is possible 

that the resident of any institution becomes so dependent on the time 

structure which is provided as part of the program administration, 

that he/she has no need for active awareness of time. There would be 

few opportunites for developing skill in the manipulation of time 

concepts, if time is not within the individual's active control. 

Wolfensberger (1972) discussed the need for time structuring ability 

as part of the process of deinstitutionalization of the mentally 

retarded individual. It would seem logical that this variable may 

have accounted for some of the variance in the gross differences in 

the estimates of the hearing impaired with the normal hearing. 

Learning theory offers some information regarding the temporal 

relations of the unconditioned stimulus to the conditioned stimulus. 

Pavlov (in Brogden, 1951) demonstrated that both the acquisition and 

the characteristics of the salivary response in dogs were influenced 

by the relative duration of the conditioned stimulus and the 
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unconditioned stimulus. Without an in depth discussion of the 

variations in this relationship, it can be generally concluded that 

learning is effected by the durational proximity of stimuli. Many 

opportunities for pairing of stimuli as well as many types of 

reinforcement are eliminated for individuals who have no usable 

hearing. Does this occasional lag in associations that are to be 

paired have an effect on the ability of the hearing impaired person to 

be conditioned? Would the repetitive length of the duration of 

visually received stimuli have any cumulative effects on the perceived 

duration ability of the individual? It is a theoretical possibility 

that a lifetime of time disturbances in associations could effect 

perception of any time interval. 

Gjesme (1975) discussed the effects of time orientation on 

motivation and the resulting performance on a task. He found that the 

perceived distance from the goal significantly influenced the 

performance of the individual. In general, Gjesme (1975) found that 

the farther the goal is perceived as removed in time, the slower the 

performance will be toward that goal. Davids & Falkof (1975) reviewed 

the relationship between time orientation and delay of gratification 

specifically in juvenile delinquents. They found that the more 

"present oriented" subjects were significantly less likely to delay 

gratification than the "future oriented" subjects. The indication 

from these studies is that the subjective experience of time has an 

impact on the performance of a task. It is reasonable that the same 

assumption can be made with regard to the subjective experience of 
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time and its impact on performance of a work task. Although many 

factors enter into the work productivity of an individual, the 

experience of time may be of great importance particularly for those 

persons employed in jobs which are highly accountable in terms of 

production. It is logical that time perception disturbances such as 

the gross overestimation of an interval would correlate with a 

decrease in the production during that interval. For example, an 

individual is performing a repetitive task such as a nut and bolt 

assembly and the actual 20 minutes time-on-task is experienced by that 

individual as two hours. The subjective two hour work effort would be 

less in intensity simply due to fatigue, even if none of the other 

variables such as Gjesme's (1975) goal gradient or the influence of 

gratification on performance were accounting for any of the variance. 

The applicability of this discussion to the findings of the 

present study has relevance for the prelingually deaf population. 

Schein and Delk (1974) found that less than 20% of the prelingually 

deaf population are employed in white collar occupations as opposed to 

over 50% of the general population who are employed in that type of 

occupation. In addition, Schein and Delk (1974) reported that the 

heaviest concentration of early deafened individuals could be found 

working in the manufacturing of nondurable goods. The deaf population 

in general was found to be "underemployed," according to Stahler 

(1969). Underemployment is defined as employment incompatible with 

the worker's intelligence, skills, and education. If a prelingually 

hearing impaired person is experiencing decreased production on the 
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job, this may be due to the subjective length of his/her time-on-task. 

Without visual cues as to the passage of time, an eight hour work day 

could seem much longer and a decrease in motivation could result. 

Visual cueing is a key factor in time perception if the sense of 

audition is not available during normal concept development. As 

previously discussed, visual^cues are the individual's only source of 

reference as to the amount of time passing. It is feasible that in 

the case of early deafness, the individual might resort to estimating 

time on the basis of the amount of work accomplished or number of 

things experienced during a period of time. It would then be logical 

that an individual producing at his/her own rate, without any visual 

cues, would gradually produce less, using his/her own production for 

feedback regarding the passage of time. 

Within the context of the present study, task production data 

were noted during the structured time estimate for each method. The 

task, as described in Chapter III, was performed on a page on which 

one hundred circles were uniformly drawn. Each subject was instructed 

to make three dots with a pencil inside of each of the circles. The 

task was the same whether the experimenter was delimiting the interval 

(Method I) or the subject was estimating the three minute interval by 

cessation of the task (Method II). The mean number of circles that 

were filled during this procedure appear in Figures 3 and 4. The mean 

numbers of circles that were completed with three dots, if interpreted 

to be a form of production, reveal some unclear differences between 

deaf and hearing persons. 
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It can be noted that between Methods I and II on the structured 

task, the normal hearing had a mean difference of only 12.8 circles 

completed. The hearing impaired had much larger differences between 

methods, with the hearing impaired, nonviral (HIC) group having a mean 

difference of 45.6 circles completed and the hearing impaired, viral 

group (HIV) having a mean difference of 72.6 circles completed. The 

differences in the number of circles completed is, of course, a factor 

of the subject ceasing the task to delimit the interval in Method II. 

However, the amount of work performed may be part of the visual 

information which was cueing the hearing impaired individual as to the 

passage of time. This cueing could have influenced the estimate using 

Method II. For example, during Method I, if the subject verbally gave 

a estimate of 45 minutes and had filled in 90 circles during the 

structured task, when asked to delimit three minutes in Method II, it 

would be consistent for the subject to turn off the light after 

filling in 6 circles. The reciprocal relationship would be true if 

Method II was employed first, since the order of method and structure 

combination were randomized. 

The variable of visual cueing through amount of work produced 

was not addressed in the literature regarding time perception in the 

hearing impaired and therfore was not anticipated in the inception of 

this study. Further investigation of this factor could include a more 

specific method of contrasting the amount of work performed with time 

to determine if these congenitally hearing impaired persons are 

relying significantly on these cues as time markers. More research 
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data addressing the question of work productivity and time perception 

in the hearing impaired could be of great benefit to the hearing 

impaired population. If it were known that increased production was 

dependent on more consistent and accurate visual cues for the hearing 

impaired, then practical steps could be taken to increase work 

production in this population. 

The work output aspect of time estimation ability is an 

important consideration in view of the results of this study. The 

implication that an entire disability group may not be reaching full 

adult employment potential because this facet of the disability is not 

understood is a nefarious injustice. There are other aspects of 

everyday life to which the hearing impaired may have limited access 

because of the time estimation ability deficit. If a minute is 

experienced as a relatively long period of time, how is the attention 

span effected? If the attention span is significantly diminished, 

what is the impact on classroom time and early learning experiences? 

The findings of this study are relevant for the classroom 

teacher of the hearing impaired. It may be helpful to incorporate 

practical measures into the curriculum for emphasis on time and its 

relationship with productivity. Activites of this type are not 

suggested as a means of correcting time estimation deficits in the 

congenitally hearing impaired. It is not known if it is possible to 

alleviate the difficulty in estimating time, particularly since the 

causality of the problem remains conjecture. 
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It is the recommendation of this author that this research be 

similarly duplicated with the inclusion of a group of postlingually 

deafened persons. As mentioned in Chapter IV, the differences between 

the deaf and hearing on the estimates found through the procedures of 

this study were so great that they could not be evaluated through 

parametric statistical analyses even after transformations were 

performed. These results indicate that the actual role of early 

auditory stimulation in time estimation ability should be 

investigated. Experimentally controlling for decrements in the amount 

of early stimulation, rather than an all-or-none approach is 

recommended. 

Implications and interpretations of the findings reported here 

are important to the fields of psychology, deaf education, 

rehabilitation and psycholinguistics. The startling time estimate 

errors from some of the subjects are indicative of radical differences 

in the time processing aspects of thought. Cognitive processing and 

developmental experiences which potentially could account for these 

differences can only be hypothesized. The findings of this study are 

only a glimpse of the significant effect of perceptual processes on 

conceptual, cognitive and linguistic functioning regarding our most 

important human possession: Time. 
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1 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

2 

0960 
0279 
0360 
1400 
3600 
0100 
3600 
3600 
3600 
3600 
1800 
3600 
3600 
0480 
3060 
2220 
0270 
3600 
3600 
0540 
2040 
0480 
1200 
3600 
0151 
0120 
3600 
3600 
0600 
1800 
1800 
0225 
0230 
0100 
2700 
0300 
0270 
0180 
3600 
3600 
1800 
0150 
1800 
0780 
1800 

APPENDIX 

2 

0720 
0240 
0540 
0180 
3600 
0100 
0720 
3600 
3600 
3600 
0180 
3600 
1800 
0600 
3600 
1800 
0330 
3600 
3600 
0270 
1560 
0250 
0300 
3600 
1800 
0300 
3600 
0300 
0180 
3600 
2160 
0300 
0300 
0120 
0240 
0600 
0150 
0180 
2700 
3600 
0300 
0180 
0600 
0420 
0300 

f 

016 
089 
021 
012 
004 
030 
101 
008 
015 
052 
022 
060 
039 
072 
049 
005 
059 
006 
022 
017 
055 
067 
095 
Oil 
151 
152 
060 
037 
045 
002 
032 
123 
210 
017 
027 
109 
127 
312 
015 
009 
068 
146 
207 
050 
006 

: RAW 

2 

067 
145 
053 
039 
050 
043 
104 
032 
048 
101 
222 
024 
130 
113 
014 
016 
058 
019 
024 
020 
048 
086 
167 
036 
115 
178 
067 
071 
068 
003 
032 
099 
205 
047 
043 
078 
055 
285 
019 
020 
155 
121 
209 
067 
128 

DATA 

2 

15 
14 
15 
16 
15 
15 
15 
15 
15 
16 
16 
16 
16 
15 
16 
19 
18 
16 
16 
15 
18 
17 
15 
16 
15 
18 
14 
14 
13 
15 
14 
14 
14 
15 
16 
21 
18 
15 
14 
15 
16 
18 
16 
18 
18 

2 

093 
096 
091 
096 
098 
091 
084 
100 
079 
101 
105 
082 
079 
100 
085 
085 
113 
079 
092 
098 
098 
092 
103 
099 
103 
094 
093 
102 
090 
098 
087 
108 
087 
078 
101 
079 
105 
079 
105 
089 
090 
126 
089 
089 
087 

8 

112 
170 
068 
141 
134 
164 
116 
058 
155 
077 
101 
119 
168 
078 
102 
112 
131 
080 
087 
100 
145 
107 
106 
145 
160 
036 
125 
102 
085 
111 
126 
185 
103 
079 
030 
080 
104 
110 
130 
132 
120 
079 
no 
118 
100 

2 

018 
130 
028 
030 
040 
046 
100 
007 
050 
030 
100 
017 
147 
036 
003 
006 
040 
008 
010 
043 
020 
033 
066 
027 
100 
036 
053 
058 
056 
002 
030 
100 
042 
015 
050 
015 
036 
230 
017 
013 
100 
059 
130 
058 
106 

12 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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8 10 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
57 
68 
69 
70 
71 
72 

3000 
0600 
0180 
0180 
0180 
0158 
0180 
0150 
0165 
0134 
0205 
0210 
0218 
0190 
0111 
0210 
0120 
0180 
0300 
0300 
0323 
0360 
0150 
0174 
03ai 
0170 
0240 

0900 
0300 
0120 
0300 
0190 
0306 
0135 
0114 
0T20 
0090 
0145 
0090 
0450 
0360 
0099 
0240 
0150 
0240 
0360 
0480 
0318 
0600 
0120 
0210 
0190 
0090 
0120 

020 
023 
129 
198 
163 
207 
181 
186 
207 
239 
146 
117 
117 
189 
296 
129 
179 
157 
145 
036 
102 
087 
115 
130 
157 
098 
070 

037 
026 
157 
104 
191 
113 
236 
199 
165 
219 
203 
210 
091 
118 
216 
184 
194 
073 
121 
068 
094 
182 
130 
130 
140 
130 
125 

16 
15 
18 
14 
15 
15 
16 
14 
16 
17 
15 
15 
15 
15 
14 
15 
16 
15 
14 
14 
14 
15 
18 
15 
16 
17 
19 

085 
092 
107 
101 
117 
093 
099 
114 
122 
125 
093 
109 
086 
091 
120 
104 
101 
104 
095 
107 
104 
097 
128 
096 
105 
106 
115 

115 
109 
105 
107 
152 
102 
047 
138 
065 
096 
117 
180 
123 
086 
100 
063 
054 
109 
059 
053 
059 
148 
127 
133 
121 
104 
119 

030 
022 
100 
060 
172 
064 
053 
180 
056 
175 
112 
200 
060 
060 
174 
062 
054 
061 
040 
024 
034 
160 
060 
070 
078 
068 
077 

C 
C 
C 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

Note 

I - Unstructured 
I - Structured 
II - Unstructured 
II - Structured 

1 = Subject number 
2 = Time estimate (in seconds) : Method 
3 = Time estimate (in seconds) : Method 
4 = Time estimate (in seconds) : Method 
5 = Time estimate (in seconds) : Method 
6 = Age 
7 = I. Q. score 
8 = Production score Method I 
9 = Production score Method II 
10 = Group by etiology 

(V = Hearing impaired, viral etiology; 
C = hearing impaired congenital, nonviral etiology; 
N = normal hearing.) 


