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The purpose of this study was to test the Lacey hypothesis 

of cardiac behavior patterns for possible use as a measure 

of attentiveness in a classroom where experimental variables 

were not controlled. Lacey's hypothesis predicted cardiac 

deceleration with instances of information-intake and cardiac 

acceleration with instances of information-processing. Third 

grade students in a self-contained classroom were telemetri-

cally monitored for heart rate during reading group activities. 

Two-way analysis of variance statistically tested direc-

tional hypotheses that cardiac behavior could (1) distinguish 

intake events from processing events; (2) distinguish between 

intake events; (3) distinguish between processing events; (4) 

distinguish student ability levels within the intake and 

processing categories respectively. The .05 level of signifi-

cance was used to test the hypotheses. 

Cardiac behavior was defined as the magnitude of change 

in absolute heart rate and the duration of that change. Percent 

change was calculated from the magnitude of change from the 

rate of the preceding event. The three aspects of behavior 

statistically tested were magnitude of change, percent change, 

and duration. Data were group averaged for testing of ability 



group differences and averaged across groups for analysis of 

differences between reading group events. 

The experimental sample was a single classroom from one 

of seven elementary schools in a district having 4,377 

students. Twelve subjects, four from each of three reading 

ability groups, were monitored during reading groups. Each 

student served as subject for five consecutive days. The 

investigator noted activities within the group, the subject's 

heart rate, and time of occurrence of each. Split-cumulative 

time was used. Overt subject behavior, dialogue, questions, 

responses, etc., were noted with accompanying heart rate and 

time. The events to be tested were extracted from continuous 

graphs constructed from records of reading group activities. 

Intake events tested were taking verbal instructions, 

reading silently, and listening. Processing events were 

reading aloud, teacher assessment of subject, and teacher 

assessment of a group member other than subject. 

Upon statistical analysis of the data the requisite 

p value was not achieved. The hypotheses could not be 

supported. 

Based on cardiac behavior, taking verbal instructions 

and reading aloud were improperly classified. Verbal 

instructions produced a mean acceleratory response instead 

of the predicted deceleration. Reading aloud produced a 

weak mean deceleratory response instead of the anticipated 



acceleration. The other events within the intake category 

and the processing category, respectively, adhered to the 

predicted directional responses despite their statistical 

nonsignificance. 

The methodology proved sensitive to events following 

the momentary state of information-handling by the individual. 

It was proposed that averaging of data led to loss of indivi-

dual sensitivity to reading group events. Individual student 

attentiveness to different events may be yet studied via 

this objective technique. 
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CHAPTER I 

INTRODUCTION 

When is a student engaged with the subject matter? Past 

studies indicate not much is known about isolating this 

engagement. These studies have relied heavily upon observer 

inference or student self-report. Classroom ethnographic 

studies (1, 2, 6, 25) have delineated teacher and student 

behaviors by treating the classroom as an ecological setting. 

Such studies can, at best, describe and classify overt 

behavior of both teacher and student. Observers describe 

what they see and hear, making subjective judgments: "the 

student appears to be engaged in math/" "the student is 

looking at the open textbookt" etc. Studies relying on 

student self-report of engagement with the subject matter 

are only as accurate as the students are willing to report. 

From psychophysiological studies, Lacey (11, 12, 13, 14, 

15, 16) developed the paradigm of situational stereotypy. 

Inherent in situational stereotypy is that consistent differ-

ences in the average response pattern of certain autonomically 

controlled organs are produced by different objective stimuli. 

Situations characterized by information-intake are accompanied 

by cardiac deceleration. This deceleration is termed an 

orienting response, since the central nervous system is 

directed toward the stimulus. The deceleration is interpreted 



as somehow facilitating cerebral cortical cognition. 

Situations characterized by information-processing are 

accompanied by cardiac acceleration. The acceleration is 

interpreted as facilitating cerebral processes by excluding 

further environmental intake. 

Lacey's hypothesis has been tested by other investigators 

using infants (9, 17, 20), children (7, 18, 23, 24), and 

adult subjects (3, 4, 5, 8, 21, 22). Their results are 

consistent with Lacey's hypothesis: (a) cardiac deceleration 

accompanies attention to some aspect of the environment; 

(b) cardiac acceleration accompanies aversive behavior, 

ideation, or problem solving. In the laboratory and clinic 

where extraneous factors can be controlled or eliminated, 

heart rate can be demonstrated to be a significant correlate 

for certain overt behaviors. Indeed, if the hypothesis can 

be believed to its fullest, stereotypic heart rate changes 

work in concert with and facilitate information-handling by 

the central nervous system. Lacey's hypothesis has not, 

however, been tested in the classroom. 

Statement of the Problem 

The problem of this study is to monitor student heart 

rate within the classroom. This will be done to ascertain 

if changes in patterns of cardiac activity correlate with 

overt behavior in selected classroom activities. 



Purposes 

The purposes of this study are to establish in a 

classroom setting. 

1. Whether student cardiac behavior can be detected 

that correlates with observed behavior of elementary children 

while in their normal reading groups; 

2. Whether student cardiac behavior can be correlated 

with situations of information-intake while in reading groups? 

3. Whether student cardiac behavior can be correlated 

with situations of information-processing while in reading 

groups t 

4. Whether student cardiac behavior can be correlated 

that differentiates reading ability groups from one another. 

Hypotheses 

The hypotheses to be tested are as follows: 

1. The information-intake events occurring during 

reading group will produce a statistically significant 

deceleration of heart rate as compared to information-

processing situations. 

2. There will be a statistically significant difference 

between instances of information-intake and cardiac behavior 

of an elementary student during reading group activities. 

3. There will be a statistically significant difference 

between instances of information-processing (ideation) and 



cardiac behavior of an elementary student during reading 

group activities. 

4. There will be statistically significant differences 

in the changes of cardiac behavior among reading ability 

groups during situations of information-intake. 

5. There will be statistically significant differences 

in the changes of cardiac behavior among reading ability 

groups during situations of information-processing. 

Significance of the Study 

The study as proposed utilized heart rate whose 

monitoring has provided clues to its qualitative reactions 

during information-intake and -processing. Its sensitivity 

to various affective states has been the subject of many 

studies and is well-founded. The literature as cited 

utilized subjects in either an isolated, sound-attenuated 

laboratory or a diagnostic clinic where control, of necessity, 

existed. The literature search has not produced any study 

in the classroom setting using cardiac behaviors as a means 

of studying attention patterns. 

Student attention patterns have typically been studied 

through the use of subjective observer opinion. The proposed 

study, if successful, would provide an objective measure of 

student attention patterns. This technique may be useful 

in answering questions regarding differences of attentiveness 

in students of differing abilities. Do gifted students 



attend to the same elements of an instructional setting as 

slow learners? Do the gifted students attend to fewer yet 

key elements than students of lesser demonstrated ability? 

Is attentiveness maximized by ability grouping? The proposed 

study may prove useful in revealing the individual differences 

underlying these questions. 

Definition of Terms 

The following definitions have been formulated. 

1. Autonomic: signifies the autonomic nervous system 

whose activity regulates the functional state of all internal 

organs. 

2. Cardiac behavior: for the purposes of this study 

cardiac behavior will be considered to consist of rate 

change expressed as number of beats per minute and the dura-

tion of a rate change. 

3. Directional fractionation: Lacey's description of 

the manner in which the system of organs involved in the 

orienting response react to a stimulus. Rather than reacting 

uniformly, some decrease and others increase their responses, 

i. e., the system is fractionated directionally. 

4. Directional response: a cardiac acceleration or 

deceleration. 

5. Engagement time: the period of time during which 

the student is occupied with a learning task; the period 

during which learning is presumed to occur. 



6. Ethnographic: synonymous with qualitative or 

phenomenological research, which involves participant obser-

vation of behavior in the natural setting in which that 

behavior occurs. Detailed description and interpretation 

of subject interaction is inherent. 

7. Situational stereotypy: a term utilized by Lacey 

to describe cardiac behavior. Information-intake is char-

acterized by cardiac deceleration. Information-processing 

is characterized by cardiac acceleration. A stereotyped 

response occurs dependent upon the immediate situation. 

Assumptions 

Learned control of cardiac rate is possible, usually 

via biofeedback techniques. It is assumed that those who 

participate do not know such procedures; it is feasible, 

though not probable, they have unknowingly learned and 

employed such as a means of modulating stress. 

A second assumption is that the presence of the inves-

tigator, the monitoring equipment, and the recording 

electrodes and small transmitter attached to the student's 

body will not present such an unusual addition to the class-

room that it imposes a nonhabituable stress. 

Limitations 

1. The study depended upon the sensitivity of the 

equipment used to detect changes in the heart rate. 



2. Data regarding the duration of a heart rate change 

depended on the investigator's speed and accuracy in identi-

fying the transition from one event to another and timing 

the event. 

3. Any statement regarding student engagement time is 

limited to those inherent to reading groups. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

Classroom Research 

Classroom research has taken on a multiplicity of forms. 

That which will be dealt with in this review is directed 

toward the general topic of attention and student engagement 

with instructional matter. 

One of the earliest references to emphasize classroom 

attention was by Judd (26) in which he posed a number of 

questions, the answers to which were to be indicative of 

pupil attention. Some of Judd's questions relevant to the 

present study were: how long does a student keep his attention 

fixed on one thing, what are the physical symptoms of atten-

tion or its absence, what individual differences are to be 

noted? 

Morrison (45) introduced the technique of an impartial 

observer noting student behavior. He made the observation 

that "the most infallible index of (student) attention is 

the eye" (p. 12 5). Using the observer format, he reported 

student attention rates of ninety percent and higher in 

elementary and secondary students. In contrast, Bloom (3) 

using stimulated recall techniques with college students 

found that attention measures of on-task items varied from 

11 
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fifty-five percent in discussion sessions to sixty-four 

percent in lecture settings. 

There has been debate as to what constitutes productive 

indices of student attention (54) . Symonds (65), in studying ninth 

grade students that differed in study skills, concluded that 

it is not possible to differentiate between groups on the 

basis of overt symptoms of attentiveness. Washbourne, et al. 

(67), questioned whether factors such as eyes on teacher or 

textbook were accurate indicators of attention to academic 

tasks. Hudgins (22) using stimulated recall techniques 

observed negative correlations between observer-generated 

attention scores and student self-reports. Taylor (66) 

corroborated this generalization in reporting the inconsis-

tency between observer ratings of student attention and the 

students' own reports of their attention. 

Observer studies have labored with the uncertainties 

of what really constitutes student attention. Are factors 

such as maintenance of visual contact, or posture, extent 

of involvement with written material, and others, significant 

discriminators of attention or lack of same? Despite the 

problems inherent in observer ratings some notable findings 

have come from such work or through related methodology. 

Lahaderne (33), in studying sixth grade classrooms, found 

a positive relation between overtly measured student attention 

and scores on achievement and intelligence tests. One of 
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the conclusions was that the extent to which students respond 

to the pervasive pressure for attention is a function of 

general ability rather than student attitude. Cobb (8), in a 

multiple regression prediction study of fourth grade arith-

metic achievement from rates of specific task-oriented and 

non-task oriented behaviors, reported moderately favorable R 

values. In first grade classrooms, Samuels and Turnure (55) 

found increased degrees of attention related positively to 

word recognition; as part of their summarization they stated 

that overt task-oriented orienting behavior was related to 

scholastic achievement. McKinney, et al. (43), found a 

similar relationship with third grade students. Olsen (48) 

analyzed student self-report of covert factors, specifically 

attitude toward teacher and subject matter, and degrees of 

attention to subject matter. The methodology was disruptive 

of the classroom; the data, while direct, did not produce 

attention results significantly different from other studies. 

Ethnographic studies have been used as an effective 

means of identifying and describing teacher and student be-

haviors (2, 68). The classroom is treated as an unique eco-

logical setting into which teachers and students regularly 

enter. Barker (2) and Willems and Raush (68) contend that 

human behavior in a given setting is a function of that setting 

with its unique qualities. Students and teachers experience 

a myriad of influences that affect them. Studies (1,9,24) 

have been performed chronicling overt behaviors, interactions, 
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and self-reported affective influence. Most such studies 

have relied on an impartial observer detailing observable 

aspects of interaction, influence, repercussion, etc. Obser-

ver descriptions of student engagement with the subject matter 

have been inferential and less than satisfying (13) . Non-

engagement based on a variety of nonproductive behaviors is 

more easily rated. With regard to student attention, ethno-

graphic classroom studies have yielded useful results. Two 

such studies (17, 55) have shown that student attention is 

maximized when the student is involved in small group work. 

Contrarily, whole class, large group, and individualized 

formats yielded student attention rates of much smaller mag-

nitude. Grannis' study (19) of differently structured class-

rooms revealed high student engagement rates in teacher and 

learner controlled settings. Smyth (58) revealed that both 

low and high achieving students produced higher ratings of 

on-task behavior where the teacher provided high degrees of 

learning task structure and direction. 

Psychophysiological Research 

The literature reviewed in this section is without 

exception laboratory centered, but is relevant to the concept 

on which the present report is based. Studies of the psycho-

physiological aspects of attention and information-processing 

have a long history. Pavlov (49), as an outgrowth of his 

work in elucidating reflexes, isolated and described the 
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orienting response. He described this as a consistent, 

requisite first component of conditioned reflexes. The 

orienting reflex is a physiological signal that the nervous 

system of an individual has detected a change in some stimulus 

from its environment. It has either differentiated one 

stimulus from another or detected a difference within the 

modality of a single stimulus. The occurrence of the orienting 

response marks the moment at which this differentiation was 

first made. Sokolov (59,60), a student of Pavlov, describes 

the orienting response as a "system of reactions promoting, 

directly or indirectly, the most favorable conditions for 

stimulus reception" (p. 8). This system is composed of certain 

autonomically mediated organs and their stereotyped responses: 

(a) cerebral cortex—decreased electroencephalograph^ 

amplitude and frequency; (b) retina of the eye—increased 

magnitude of the electroretinogram; (c) heart—diminished 

rate and interbeat variability; (d) skin—-increased galvanic 

skin response; (e) respiratory system—increased rate and 

decreased variability. These responses appear to accompany 

detectable changes of environmental factors. The distinctive 

feature of the orienting response is that it tends to habituate 

rapidly, often within ten to fifteen presentations of a 

stimulus; however, any change in the stimulus that differen-

tiates it from the preceding presentations will immediately 

re-establish the orienting response. 
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Darrow (11, 12) performed some of the earliest work in 

demonstrating interaction of cerebral activity and physio-

logical parameters. He demonstrated that ideational stimuli, 

as well as physical stimuli, elicited the same responses 

from the orienting system: "momentary sensory stimuli were 

relatively more effective than ideas in exciting peripheral 

changes (vasoconstriction, perspiration, increased galvaneo-

cutaneous conduction) while associative processes and ideas 

were more effective in increasing cardiac activity" (p. 199). 

He also stated that disturbing ideas "occasioning extreme 

unpleasantness or depression" will elicit cardiac deceleration, 

Darrow quoted from turn-of-the-century German investigators 

that corroborated his cardiovascular findings (40, 44): 

pleasant stimuli, whether sensory or ideational, retard pulse 

rate, while unpleasant stimuli accelerate pulse rate. Recall 

of ideas, both pleasant and unpleasant, are accompanied by 

increased heart rate. Mental work, calculations or counting 

dots, caused an immediate decreased heart rate upon presen-

tation of the problems followed by accelerated rate during 

the rest of the activity or during voluntary attention. 

Brod, £t al. (4), found that mental arithmetic in both 

normotensive and hypertensive individuals produced an in-

creased blood pressure. Other hemodynamic changes were eli-

cited: renal vasoconstriction, musculovascular dilation, and 

suggestive splanchnic vasoconstriction. Hickam, et al., (21) 
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in a similar type of investigation demonstrated moderate 

increases in blood pressure to emotional stimuli. 

The psychophysiological literature is rich in data deal-

ing with the different organ responses within the orienting 

response as a measure of attention (30, 59), its place in 

the total scope of the individual's functioning (59), and 

possible utility in applied work (27, 63). The orienting 

response is recognized as a measure of attention and is non-

selective^ sensitive to stimuli (30). Noncardiac orienta-

tion, as measures of attention, has been adequately demon-

strated. The previously mentioned directive by Morrison (45) 

to classroom teachers that the eyes are the most sensitive 

index of student attention has its physiological justification. 

Changes in pupillary diameter to varied stimuli have been 

laboratory tested and found by Hess and Polt (20) to be a 

positive measure of mental activity; the diameter increased 

in direct proportion with problem difficulty. Changes in 

pupillary diameter appeared to measure the intensity of de-

mands on memory load (29) and pitch discrimination tasks (31). 

When these changes were coupled with skin conductance changes 

the ability to discriminate between difficulty levels of 

mental arithmetic was noted (32). As another noncardiac 

orientation response, paced respiratory responses have proven 

to follow sensory intake but not to discriminate well between 

mental activity and sensory stimuli (15, 28). 
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Lacey (34, 35, 36, 37, 38, 39), referring to the orienting 

response, pointed out that there is not a consistency in the 

nature of the responses. He noted that the stereotyped 

responses were: increased electroretinogram, increased gal-

vanic skin response, and increased respiratory rate; in 

contrast, the electroencephalographic amplitude and frequency, 

and cardiac rate and variability decreased upon presentation 

of the same stimulus. Upon establishing the consistency of 

this patterned response he proposed the concept of directional 

fractionation of the response patterns of the organs of this 

system. Different objective stimuli produce consistent 

differences in the average response pattern of this system. 

With specific regard to cardiac orientation, situations 

characterized by information-intake from the environment are 

accompanied by cardiac deceleration. Lacey proposed that 

the deceleration somehow facilitates cerebral cortical cog-

nition. Situations characterized by information-processing 

are accompanied by cardiac acceleration. The acceleration, 

according to Lacey, is interpreted as facilitating cerebral 

processes by excluding further environmental intake. 

Several studies have used response-time tasks to study 

the orienting response. Graham and Clifton (18), and Chase, 

et al. (7), reaffirmed that cardiac deceleration was a reli-

able index of perception of environmental stimuli. Porges 

(51, 52, 53) demonstrated that heart rate and heart rate 
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variability both increased following response-time signals 

while both decreased during anticipatory periods prior to 

the signal presentation. Schnere (56) demonstrated similar 

cardiac behavior as part of idiosyncratic but highly stereo-

typed response patterns to response-time tasks and autonomic 

activation. 

Obrist (4 7) while taking issue with Lacey's interpre-

tation of the data still concluded that noxious stimuli, as 

well as, conceptual tasks resulted in cardiac acceleration, 

increased systolic blood pressure, peripheral vasoconstric-

tion, and decreased skin conductance. The sensitivity of 

cardiac behavior to laboratory-centered tasks appear to be 

without challenge. 

Within-subject variables influencing the orienting 

response have been noted. Campos and Johnson (5, 6) when 

presenting their subjects with mental problem-solving tasks 

stated that without exception conditions of non-verbalization 

were accompanied by cardiac deceleration while verbalization 

requirements produce cardiac acceleration. Both findings 

were without consequence on the effects of the pleasantness 

or unpleasantness of accompanying white noise and task in-

structions for the subject. The same authors (25) found 

that imagination tasks produced no significant effects on 

cardiac interperiod variability unless the subject was about 

to talk or was actually talking. Stephens and co-workers 
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(64) reported that degrees of ego strength help determine 

the ability to voluntarily control heart rate. 

Cardiac responsivity is influenced by fear and anxiety. 

Scioto, et al. (57), demonstrated that voluntary slowing 

of heart rate led to a relative decrease in perceived aver-

siveness of stimuli for subjects reporting cardiac reactions 

to fear situations in daily life. Gatchel and Proctor (16) 

stated that biofeedback training to decelerate heart rate 

led to statistically significant reductions of self-reported 

and overtly measured anxiety relative to no heart rate control. 

The place of the orienting response in differing age 

groups is likewise of interest. Newborns have shown no car-

diac orienting (23) or variable orienting depending on the 

mode of stimulation (50). In infants it has been shown that 

at twenty-four weeks the degree of cardiac deceleration was 

directly related to the amount of time of visual fixation 

on the stimulus array (41). 

As an index of developmental changes the cardiac orien-

tation has provided a correlate. Lewis and Wilson (42) 

found that in forty-four month old children, the duration of 

cardiac deceleration following a response was dependent upon 

the accuracy of that response. The degree of deceleration 

correlated with the general intellectual state of the subject 

as measured by standard I. Q. tests; the results were moderately 
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statistically significant for female subjects only. Sroufe 

(61) studying six, eight, and ten year old male subjects, 

discerned a linear relationship between age and the antici-

patory cardiac deceleration; older children showed larger 

decelerations in response-time tasks. The author suggested 

a developmental change in the ability to maintain attention 

as a mediating factor. Darley and Katz (10) in monitoring 

heart rate changes as a function of test and game instruc-

tions found that fifth grade boys accelerated after test 

instructions and decelerated following game instructions. 

They suggested that these results reflected variable degrees 

of task motivations and anxiety relative to the task require-

ments . 

Clinically, in children referred for "special learning 

disabilities," Sroufe, et al. (62), detected statistically 

significant variability of reaction time accompanied by 

smaller magnitude cardiac deceleration. Methylphenidate as 

the prescriptive medication of choice produced significantly 

greater change in cardiac deceleration than those subjects 

given a placebo. Only normal children and children given 

the stimulant produced a signficant correlation between 

heart rate deceleration and response latency. Porges, et al. 

(53), in assessing methylphenidate observed similar findings 

in children. Sroufe (6 3) successfully used cardiac orienting 

in assessing autistic children and the degree of success of 

different modes of instructional and play therapy. 
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Summary of Related Literature 

The heart has been shown to be responsive to a variety 

of stimuli. Measures of cardiac activity have been shown to 

be sensitive to physical stimuli (59). Attention to environ-

mental stimuli typically results in cardiac deceleration. 

In addition to physical stimuli, Darrow (11, 12) demonstrated 

that mental processes influence cardiac behavior; ideation 

resulted in cardiac acceleration. Lacey (34, 35, 36, 37, 38, 

39) confirmed Darrow's findings and proposed that decelera-

tion occurs in states of attentive acceptance of external 

stimuli. He contended that the heart plays a causal role in 

the mechanism that controls attentiveness. Lacey also demon-

strated that cardiac acceleration accompanied problem-solving 

tasks (37). An extension of his theory stated that accele-

ration occurs when the subject resists distracting stimuli, 

as during problem-solving tasks. He contended that the in-

creased heart rate somehow facilitates the cortical processes 

of ideation. 

Lacey (35) employed the term directional fractionation 

to describe the responses to the demands of various stimuli. 

Kahneman (30) states that the existence of directional frac-

tionation is not in doubt. Issue has been taken with Lacey's 

interpretation of the acceleratory response (46, 47). How-

ever, that the acceleratory response does accompany ideation 

is not a matter of question (4 7). The acceptance of direc-

tional fractionation of cardiac behavior and its relationship 
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to mental processes should permit heart rate to be used as 

an index of attentiveness. 

Student attentiveness is a matter of interest to edu-

cators. Measures of classroom attention have suffered from 

the lack of objectivity. Techniques employed to infer stu-

dent attention rates have been the use of student overt 

behavior (8, 17) and after-the-fact stimulated recall (3). 

Olsen (48) used another method to obtain measures directly 

from the student. This method involved frequent interruption 

of the class in order that students might register attentive-

ness via a computerized system. This study permitted the 

student to respond in any manner without any alternate con-

firmatory evidence. Another study computed attention rates 

from the number of task-oriented behaviors (66). Such tech-

niques vary in their objectivity. None appear to infallibly 

measure when a student really attends to classroom events (13) 

The previously discussed physiological measures appear 

to offer an objective, covert measure of attentiveness. The 

flow of classroom events contain tasks that imply the need 

for maximum intake, such as taking verbal instructions, 

listening to explanations or elaborative comments, and silent 

reading. Also there are tasks that convey the need for in-

formation-processing: assessment of understanding, and the 

multiple requirements of verbalization while reading. It was 

believed that attention to the flow of these varied tasks 

could be recognized by telemetrically monitored heart rate. 
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The literature has not revealed any direct measure of 

student attention. Therefore, a study needs to be performed 

using physiological data as a direct measure of student at-

tention in the normal classroom setting. 
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CHAPTER III 

METHODS AND PROCEDURES 

Selection of Subjects 

A school district within north central Texas having a 

total elementary school population of 4,377 served as the 

student source for this study. A letter requesting school 

district administrative approval was sent to the Assistant 

Superintendent of Curriculum and Instruction. Approval was 

sought to utilize one classroom in one of the elementary 

schools within the school district. A copy of this letter 

is found in Appendix A. Upon receipt of his approval the 

principals were asked to agree to allow the investigator to 

participate as an observer-recorder using the conditions to 

be described; the total length of time requested for the data 

collection phase of the study was one month. The principal 

agreeing to the necessary conditions administered a school 

having 746 students. In turn, this principal asked for a 

third grade teacher to volunteer to participate as a coop-

erating teacher. 

Having secured the above agreements the teacher provided 

the investigator with the names of students in the high-, 

middle-, and low-ability reading groups. The number of stu-

dents in these groups totaled twenty-two, with seven each in 

32 



33 

the low- and high-ability groups and eight in the middle-

ability group. Two males and two females were randomly chosen 

from each group to form the experimental groups. In one 

group, the high-ability group, there was a single male stu-

dent; he was automatically included in the sample. The high-

ability group, therefore, consisted of one male and three 

female subjects. 

Letters were sent to parents or guardians requesting 

permission for their child to participate in the study. A 

copy of this letter is found in Appendix B. In each case this 

permission was obtained; no replacement was required. 

The subjects were arranged alphabetically within their 

respective reading groups to establish the order for which 

each would be the source of heart rate data. Each subject 

served as data source for five consecutive days during their 

reading group. 

The experimental sample consisted of twelve randomly 

chosen third grade students telemetrically monitored for heart 

rate. Control of external factors was not attempted in order 

to test the cardiac behavioral hypothesis within a normal 

classroom. The students were monitored within the context 

of their reading groups. The classroom teacher determined 

reading group composition and the daily activities within 

the group. Throughout the chapters dealing with results of 

the study the following designations of ability groups are 
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followed: high-ability group = Group 1; mid-ability group = 

Group 2; low-ability group = Group 3. 

Determination of reading group composition had been done 

by the teacher prior to the onset of the study. The use of 

standardized assessment tests by the teacher was one basis 

for determining group membership. Table I presents the re-

sults of the Iowa Test of Basic Skills (ITBS) used early in 

the school year as one objective basis of ability grouping 

in this classroom. Group 1 had a mean composite score of 

5.00; Group 2, 3.6; Group 3, 2.97. 

TABLE I 

IOWA TEST OF BASIC SKILLS SUBSCORES FOR READING GROUP 
SUBJECTS, CLASSIFIED ACCORDING TO ABILITY GROUP 

STUDENT ITBS SUBSCORES 
COMPOSITE READING VOCABULARY WORD ANALYSIS SPELLING 

111 5.5 4.8 5.4 4.9 6.3 
121 4.4 4.8 4.5 4.2 5.2 
122 * 

• • • • • • • • • • • • • • • 

123 5.1 5.1 4.9 

i 

I—
1 • 

LO
 6.3 

211 3.4 3.3 3.7 2.9 3.6 
212 3.7 2.7 3.9 4.3 5.2 
221 3.7 3.3 3.7 4.4 4.1 
222 * 

• • • • • • • • • • • • • • • 

311 2.8 2.9 2.4 3.4 2.2 
312 2.9 3.5 3.2 2.1 2.6 
321 * 

• • • • • • • • • • • • • • • 
322 3.2 3.6 2.8 3.0 4.5 

*Students 122 and 222 transferred from out-of-
tate; ITBS scores not available. Student 321 
ITBS scores not available due to lack of parental 
permission to open student's records. 
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Methods and Materials 

Heart rate fluctuates due to certain internal bodily 

conditions, as well as external conditions. To account for 

internal conditions each subject was questioned daily as to 

whether he was emotionally upset and if he had eaten break-

fast that day. Emotional distress and low blood sugar are 

known to influence cardiac activity (1). No subject admitted 

to being emotionally distressed or not having eaten breakfast 

on the days they served as data source. 

The intent of this study was to monitor cardiac behavioral 

changes, if any, within the context of a normal classroom. 

To that end the cooperating teacher was asked to follow the 

class routine as though such monitoring were not occurring; 

no control of conditions external to the subject was attempted. 

The daily reading group order that was in effect and was 

followed throughout this study was: low-first, then middle, 

and the high-ability group was last. The latter two groups 

were separated by a morning break. Prior to the beginning 

of the day's instructional activities the electrodes were 

attached to the subjects from the low- and middle-ability 

groups who were scheduled to be recorded that day. The 

electrodes were attached to the high-ability subject during 

the morning break. The investigator prepared the male sub-

jects and the cooperating teacher, the female subjects. 

The sites at which the electrodes were to be attached 

were cleaned with an alcohol sponge, dried, and then the 
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electrodes, filled with an electroconductive paste, were 

affixed via an adhesive ring. To insure a more permanent 

contact a strip of surgical tape was applied over the elec-

trode and surrounding skin. The wires leading from the 

electrodes to the telemetry transmitter passed from under 

the shirt or blouse through the neck externally onto the 

shoulder. The transmitter was taped onto the shirt on the 

upper back in order not to interfere with normal movement. 

Both subjects from the low- and middle-ability groups were 

simultaneously prepared prior to the start of class activities. 

The subject from the high-ability group was prepared in an 

identical manner during the morning break. In every case 

this procedure allowed a minimum of ten to fifteen minutes for 

adaptation to the presence of the electrodes and transmitter. 

Recording electrodes were positioned in the following 

manner: one was affixed on the manubrium of the sternum, the 

other in the fifth intercostal space below the left nipple. 

Such a configuration yielded a standard Lead II recording of 

the electrocardiogram. 

The electrodes were connected to an E&M (Narco Biosystems) 

model 1100-E2 transmitter, dimensions: 2.5 cm. X 4.0 cm. X 

1.5 cm. The output signal was received by an E&M FM 1100-6 

receiver set at 89.5 kHz. The signal was, in turn, registered 

on an E&M FM-1304 tachometer. Such telemetry equipment per-

mitted the unimpaired activity of the subjects within a radius 

of approximately thirty meters. Figure 2 (Appendix E) illu-

strates the equipment used. 
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The investigator was positioned approximately three 

meters from the table at which the reading groups met. The 

subjects were instructed to always sit in a predesignated 

seat near the investigator. This permitted a complete view 

of the subject's face and body and unimpeded perception of 

the subject's words. Additionally, this allowed complete 

access to the verbal interchange with the group. The data 

recorded were as follows. 

a. Time: a continuous record of split-cumulative time 

was kept using a Cronus LCD stopwatch yielding time to one-

hundredth of a minute. 

b. Overt behavior: a continuous record of the subject's 

overt behaviors, facial expressions, moving of lips while 

looking at a book, looking at a speaker, etc. It was assumed 

that these would yield clues of interaction with the subject 

matter. Also, verbal interaction within the group, particu-

larly teacher-subject interchanges, were noted. 

c. Heart rate: for each entry of behavior a corresponding 

heart rate and time of occurrence was noted. Additionally, 

every time there was a heart rate change it was recorded with 

the appropriate statement of behavior or verbal interaction 

and time of occurrence. 

Figure 1 is a typical record of a segment of the cardiac 

activity of one of the subjects. It is intended to show the 

nature of the cardiac activity as observed under the conditions 
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LEGEND ACCOMPANYING FIGURE 1 

REFERENCE HEART 
POINT RATE TIME DESCRIPTION 

A 200 26.85 Student responds, Teacher wants 
better answer. 

B 90 27.18 Group member talks, subject looks 

at teacher and member. 

C 75 27.66 Teacher talks...emphatically! 

D 150 27.91 Teacher questions group, 
"forgotten something?" 

E 200 28.38 Group member reads; subject 
looks at textbook. 

F 175 28.70 Group member reads; subject 
looks around group. 

G 150 29.03 Teacher asks question; group 
member responds incorrectly. 

H 200 29.33 Teacher questions subject; 

subject responds. 

I 175 29.57 Group member talks. 

J 100 29.88 Teacher talks; subject looks about. 

K 175 30.18 Teacher continues to talk; subject 
looks at textbook. 

L 175 30.58 Teacher continues to talk; subject 
continues to look at textbook. 

M 150 31.08 Teacher directs group to complete 

a worksheet about to be handed out. 

N 150 31.66 Teacher passes out worksheet. 

0 200 32.32 Subject takes worksheet and 
inspects it. 
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Legend accompanying Fig. 1 — continued 

p 175 32. 60 Subject writes name on worksheet. 

Q 175 32. 85 Teacher directs group to read 
directions silently to selves; 
subject continues to write. 

R 150 33. 27 Subject reads silently (looks 
at textbook). 

S 175 33. ,58 Teacher dictates corrections 
on worksheet to group; subject 
writes. 

T 150 34. ,02 Teacher dictates; subject writes. 

U 150 34. .28 Teacher dictates; subject writes. 

V 150 34. .53 Teacher dictates; subject writes. 

W 150 34, .95 Teacher dictates; subject writes. 

X 150 35, .18 Teacher dictates; subject writes. 

Y 150 35 .38 Teacher directs group to read 
story on worksheet silently to 
selves. 

Z 90 35 .58 Subject reads silently; looks at 
textbook. 

aa 175 35 .88 Subject continues to read silently. 

bb 175 36 .30 Subject continues to read silently. 

cc 175 36 .68 Subject continues to read silently. 

dd 175 37 .03 Teacher dismisses group to seats 
to complete worksheet. 
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employed in this study. The accompanying description of 

this segment was as recorded during the reading group. 

Student responses to the six activities of verbal instruc-

tion intake, silent reading, listening, reading aloud, teacher 

assessment of the subject, and teacher assessment of a group 

member were extracted from records like Figure 1. The cardiac 

response to a given reading group event extracted for analysis 

was that segment of the continuous record just prior to the 

description of that event. An example from the segment in 

Figure 1 is teacher questioning of the subject found occurring 

in the interval from 29.03 to 29.33 minutes (points G and H) . 

The magnitude of change and duration of change were read from 

the record and the percentage change of heart calculated 

based on the heart of the event just prior to the event of 

interest. In this example, the heart rate change for the 

teacher assessment of subject segment is the difference be-

tween the rate at 29.03 minutes and that at 29.33 minutes. 

The duration of this event would be 0.30 minutes. The per-

centage change would be the magnitude of change divided by 

heart rate at minute 29.03 multiplied by one hundred percent. 

Procedure for Analysis of Data 

Prior to the study, events believed to be common to third 

grade reading group activities were selected for analysis to 

test the hypothesis in question. Also, each of the events 

were classified into either information-intake or information-
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processing categories. The events classified as information-

intake were: taking verbal instructions, taking written 

instructions, silent reading, and listening. Events classi-

fied as information-processing were: reading aloud, subject 

assessment by the teacher, subject questioning of the teacher, 

group member questioning of the teacher, and teacher question-

ing of the group. Taking of written instructions was deleted 

from the intake category. Subject and group member questioning 

of the teacher, and teacher questioning of the group were deleted 

from the processing category. These deletions were due to the 

irregular occurrence or nonoccurrence of these events within 

each group. As a consequence across group analysis was not 

possible. Daily occurrences of events other than those 

previously selected had also been recorded. These were 

information-processing events and were substituted for the 

deletions. For analysis and consideration within this chapter 

the information-processing category includes: reading aloud, 

teacher verbal assessment of the subject, and teacher verbal 

assessment of a group member other than the subject. The 

information-intake category includes: taking verbal instruc-

tions, silent reading, and listening to teacher or group 

member. 

The tenability of the hypotheses of this study was determined 

by two-way analysis of variance of the collected data. The 

.05 level of significance was used to test the hypotheses; all 

levels of significance were reported. 
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Data for information-intake events were compiled within 

summary tables similar to those in Figures 2 and 3. 

VERBAL 
INSTRUCTIONS 

GROUP 
Change 

GROUP 
Change 

GROUP 
Change 

of Heart Rate 
Percent Change 

Duration 
2 
of Hearth Rate 

Percent Change 
Duration 

3 
of Heart Rate 

Percent Change 
Duration 

SILENT 
READING LISTENING 

Fig. 2—Summary table of reading group activities 
characterized by information-intake. 

Two way analysis of variance with repeated measures was 

used to test the effects of pre-selected events within read-

ing groups. Absolute change in beats per minute, percent 

change from the last recorded heart rate prior to an event, 

and duration of change in hundredths of a minute were analyzed. 

Reading group activities were arranged a priori in the data 

tables as those typified by information-intake and information-

processing. Main effects of column variables tested for 

statistically significant patterning of cardiac behavior. 

Main effects of row variables tested for statistically signi-

ficant group differences. 
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Data for information-processing events were compiled 

within the following summary table: 

READ 
?VLOUD 

ASSESSMENT 
OF SUBJECT 

ASSESSMENT OF 
GROUP MEMBER 

GROUP 1 
Change of Heart Rate 

Percent Change 
Duration 

GROUP 2 
Change of Heart Rate 

Percent Change 
Duration 

GROUP 3 
Change of Heart Rate 

Percent Change 
Duration 

Fig. 3—Summary table of reading group activities 
characterized by information-processing. 
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CHAPTER XV 

RESULTS 

The stated purpose of this study was to test within an 

elementary classroom the hypothesis that cardiac behavior can 

serve as an index of the momentary state of information-

handling by the central nervous system. According to the 

hypothesis cardiac deceleration accompanies information-

intake from the environment, while information-processing is 

marked by cardiac acceleration. The purpose of this chapter 

is to present the data obtained in testing this hypothesis. 

Table II summarizes the cardiac mean responses to reading 

group events of information-intake. The data is compiled 

by ability group and averaged across groups. Cardiac be-

havior is described by the three response parameters: 

magnitude of change of heart rate, percent change of heart 

rate, and duration of a cardiac response. The units by which 

magnitude of change is expressed are beats per minute. The 

unit by which duration of response is expressed is hundredths 

of a minute. Appendix D contains the group member data from 

which the group means of Table II were derived. 

46 
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TABLE II 

ABILITY GROUP RESPONSES AND MEAN RESPONSES 
TO INFORMATION-INTAKE EVENTS 

RESPONSE VERBAL INSTRUCTIONS SILENT READING LISTENING 

MAGNITUDE 
OF CHANGE 
Group 1 
Group 2 
Group 3 

*17.9 
1.9 
0.3 

-18.7 
-35.3 
-10.8 

-21.0 
-14.9 
-18.4 

Mean 6.7 -21.6 -18.1 

PERCENT 
CHANGE 
Group 1 
Group 2 
Group 3 

11.3 
9.1 
2.0 

- 7.9 
-21.1 
- 6.0 

-11.4 
- 8.5 
- 9.5 

Mean 7.5 -11.7 - 9.8 

DURATION 
Group 1 
Group 2 
Group 3 

**0.37 
0.37 
0.34 

0.28 
0.25 
0.34 

0.34 
0.37 
0.36 

Mean 0.36 0.29 0.36 
*Positive values indicate acceleration, negative values 
indicate deceleration. Units are beats per minute. 

**Time in hundredths of minute. 

Tablelll summarizes the cardiac mean responses to reading 

group events of information-processing. The data is presented 

by ability group and averaged across groups. Data for the 

three aspects of cardiac behavior are listed. The group 

member data from which group means of Table III were calculated 

appear in Appendix D. 
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TABLE III 

ABILITY GROUP RESPONSES AND MEAN RESPONSES TO 
INFORMATION-PROCESSING EVENTS 

SUBJECT GROUP MEMBER 
RESPONSE READING ALOUD ASSESSMENT ASSESSMENT 

MAGNITUDE 
OF CHANGE 
Group 1 *-0.8 6.4 9.3 
Group 2 0.6 7.3 0.8 
Group 3 -9.4 6.3 8.7 

Mean 1 o
 

• 6.7 6.2 

PERCENT 
CHANGE 

Group 1 1.4 11.8 14.2 
Group 2 14.9 9.8 3.8 
Group 3 -4.8 14.8 11.9 

Mean u>
 

• 00
 i—I • 

C
M
 

i—1 9.9 

DURATION 
Group 1 **0.22 0.28 0.39 
Group 2 0.31 0.30 0.38 
Group 3 0.21 0.28 0.32 

Mean 0.24 0.29 0.37 
•Positive values indicate acceleration, negative 
values indicate deceleration. Units are beats 
per minute. 

**Time in hundredths of minute. 

Inspection of TablesII and III reveal that the reading 

group events, verbal instruction intake and reading aloud, were 

incorrectly categorized, based on the resultant cardiac re-

sponse. The group and mean responses to verbal instruction 

intake were, without exception, accelerative values rather 
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than the predicted decelerative values. The magnitude of 

response to reading aloud produced an extremely weak mean 

response of a decelerative nature, rather than the expected 

acceleration. Based on the directional response, reading 

aloud would appear to be an initial intake event rather than 

the expected processing event. 

Hypothesis I: During reading group information-intake 

situations will produce a statistically significant decele-

ration of heart rate as compared to information-processing 

events. 

This hypothesis was tested by a collapse of data within 

the information-intake category (Table II) and within the 

information-processing category (Tablelll)to form a resultant 

3 x 2 matrix (ability levels X nature of reading group event). 

Test of column main effects was proposed to test for signifi-

cant differences in the directional response of the cardiac 

behavior. Table IV is the analysis of variance data table 

for the three components of the cardiac response. 

The .05 significance level was posited for acceptance 

of the hypothesis. The F value required for acceptance of 

the hypothesis (df = 2, 36) is 3.23. None of the three 

facets of cardiac behavior used in this study achieved the 

required significance level. The hypothesis could not, 

therefore, be supported. 

Hypothesis II: There will be a statistically signifi-

cant difference between instances of information-intake 



TABLE IV 

TWO-WAY ANALYSIS OF VARIANCE TESTING THE EFFECT OF 
INFORMATION-INTAKE AND INFORMATION-PROCESSING ON 

THE CARDIAC BEHAVIORAL RESPONSES 

50 

A. MAGNITUDE OF RESPONSE 

SOURCE DF SS MS F p * 

Between Subjects 35 6547.7 • • • • • • • • • • • • • • 

B (Groups) 2 198.4 99.2 0.5 0 .60 
Error B 33 6349.3 192.4 • • • • • • • • 

Within Subjects 36 18340.8 • • • • • • • • • • • • • • 

A (Treatments) 1 4184.6 4184.6 10.0 0 .00 
AB (Interaction) 2 412.1 206.0 0.4 0 .61 

Error Within 33 13744.1 416.4 • • • • • • • • 

B. PERCENT CHANGE 

SOURCE DF SS MS F p 

Between Subjects 35 4480.4 • • • • • • m m m m • • • • 

B (Groups) 2 53.6 26.8 0.2 0 .81 
Error B 33 4426.7 134.1 m • • • # • • • 

Within Subjects 36 11135.8 • • • • • • • • • • • • • • 

A (Treatments) 1 3200.0 3200.0 13.4 0 .00 
AB (Interaction) 2 82.3 41.1 0.1 0 .84 

Error Within 33 7853.3 237.9 • • • • • • • • 

C. DURATION 

SOURCE DF SS MS F p 

Between Subjects 35 0.26 • • • • • • • • • • • • • • 

B (Groups) 2 0.01 0.003 0.51 0 .60 
Error B 33 0.25 .007 • • • • • • • • 

Within Subjects 36 0.24 • • • • • • • * 

A (Treatments) 1 0.02 0.022 3.70 0 .06 
AB (Interaction) 2 0.02 0.010 1.69 0 .19 

Error Within 33 0.19 0.006 • • • • • • • • 

* U r — Q S y i 0 6 S O I X 27 GGCLLml ^ DwD — o Lull VJJL o ^ U . c l - L t : o / 

MS = mean square, F = F test ratio, P = significance level, 
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and cardiac behavior of an elementary student during reading 

group activities. 

Table V presents the analysis of variance summary 

table. Acceptance of the hypothesis was tested using the data 

of Table II utilizing a two-way analysis of variance with 

repeated measures: ability levels X cardiac responses to 

information-intake events. Column main effects were tested 

at the .05 level to distinguish significant differences be-

tween the cardiac responses to the three events within the 

information-intake category. 

The requisite F value for acceptance of the hypothesis 

at the .05 level (df = 2, 24) is 3.40. None of the three 

components of cardiac behavior achieved this level. The 

hypothesis could not be supported. 

Hypothesis III: There will be a statistically signifi-

cant difference between instances of information-processing 

(ideation) and cardiac behavior of an elementary student 

during reading group activities. 

To test the validity of this hypothesis a two-way 

analysis of variance with repeated measures, ability levels 

X cardiac responses to information-processing events, using 

the data from Table III was performed. Column main effects 

were tested at the .05 level of significance to distinguish 

significantly different responses to reading aloud, teacher 

verbal assessment of subject and teacher verbal assessment 
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TABLE V 

TWO-WAY ANALYSIS OF VARIANCE TESTING FOR DIFFERENCES IN THE 
CARDIAC RESPONSES TO INFORMATION-INTAKE EVENTS 

A. MAGNITUDE OF RESPONSE 

SOURCE DF SS MS F P * 

Between Subjects 13 1939.8 «••••• • • • • • • • • 
B (Groups) 2 504.3 252.1 1.6 0 .23 

Error B 9 1335.5 148.3 • • • • • • • • 
Within Subjects 24 10944.8 • ••••• • • • • • • • • 
A (Treatments) 2 2670.4 1335.2 14.6 0 .00 
AB (Interaction) 4 638.0 159.5 1.7 0 .18 

Error Within 18 3650.2 202.9 • • • • • • • • 

B. PERCENT CHANGE 

SOURCE DF SS MS F P 

Between Subjects 13 926.9 • ••••• • • • • • • • • 
B (Groups) 2 101.8 50.9 0.5 0 .59 

Error B 9 825.1 91.6 • • • • • • • • 
Within Subjects 24 4947.8 • ••••• • • • • • • • • 
A (Treatments) 2 2670.4 1335.2 14.6 0 .00 

AB (Interaction) 4 638.0 159.5 1.7 0 .18 
Error Within 18 1639.3 91.0 • • • • • • • • 

C. DURATION 

SOURCE DF SS MS F p 

Between Subjects 13 0.062 • ••••• • • • • • • • • 
B (Groups) 2 0.992 0.001 0.15 0 

ID 
00 • 

Error B 9 0.060 0.006 • • • • • • • • 
Within Subjects 24 0.095 • ••••• • t • • • • • • 

A (Treatments) 2 0.039 0.019 9.71 0 .00 
AB (Interaction) 4 0.019 0.004 2.41 0 .08 

Error Within 18 0.036 0.002 • • • • • • • • 
*DF = degrees of freedom, SS = sum of squares, MS = mean 

square, F = F test ratio, P = significance level. 
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of a group member other than the subject. Table VI gives 

the results. For acceptance of the hypothesis at the .05 

level the F value (df = 2, 24) is 3.40. The hypothesis 

could not be supported due to failure of any of the cardiac 

response components to achieve that required value. 

Hypothesis IV: There will be statistically significant 

differences in the changes of cardiac behavior among reading 

ability groups during situations of information-intake. 

Table VII presents the analysis of variance summary table 

associated with Hypothesis IV. The data for this analysis 

is that from Table II. 

The F ratio significant at the p = .05 level (df = 2 , 9) 

is 4.26. Comparison of the F values for each of the factors 

of analysis within the information-intake reading group events 

reveals that none of the factors achieved the required level 

of significance. The hypothesis could not, therefore, be 

supported. There were no statistically significant cardiac 

behavioral differences between the three reading ability 

groups to information-intake events. 

Hypothesis V: There will be statistically significant 

differences in the changes of cardiac behavior among ability 

groups during situations of information-processing. 

This hypothesis was tested using a two-way analysis of 

variance with repeated measures for the data contained in 

Table III. Table VIII presents the analysis of variance summary 



54 

TABLE VI 

TWO-WAY ANALYSIS OF VARIANCE TESTING FOR DIFFERENCES IN 
CARDIAC RESPONSES TO INFORMATION-PROCESSING EVENTS 

A. MAGNITUDE OF CHANGE 

SOURCE DP SS MS p • P * 

Between Subjects 13 1530.9 • • • • • • • • • • • • • • 

B (Groups) 2 106.1 53.0 0.33 0.72 
Error B 9 1424.8 158.3 • • • • • • • • 

Within Subjects 24 6388.2 • • • • • • • • • • • • • • 

A (Treatments) 2 351.7 175.8 0.60 0.55 
AB (Interaction) 4 800.4 200.1 0.68 0.60 

Error Within 18 5236.0 290.8 • • • • • • • • 

B. PERCENT CHANGE 

SOURCE DP SS MS F P 

Between Subjects 13 1619.4 • • * • • • • • • • • • • • 

B (Groups) 2 34.2 17.1 0.09 0.09 
Error B 9 1585.1 176.1 • • • • • • • • 

Within Subjects 24 4922.0 • • • • • • • • • • • • • • 

A (Treatments) 2 444.1 222.0 1.17 0.33 
AB (Interaction) 4 1067.8 266.9 1.40 0.27 

Error Within 18 3410.1 189.4 • • • • • • • • 

C. DURATION 

SOURCE DF SS MS F P 

Between Subjects 13 0.102 • • • • • • • • • • • • • 

B (Groups) 2 0.026 0.013 1.53 0.26 
Error B 9 0.076 0.008 • • • • • • • • 

Within Subjects 24 0.219 • • • • • • • » • • • • • 

A (Treatments) 2 0.094 0.047 7.83 0.00 
AB (Interaction) 4 0.015 0.003 0.64 0.63 

Error Within 18 0.108 0.006 • • • • • • • • 

*DF = degrees of freedom, SS 
mean square, F = F test ratio, P 

sum of squares, MS 
significance level. 
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TABLE VII 

TWO-WAY ANALYSIS OF VARIANCE OF CARDIAC BEHAVIORAL 
COMPONENTS OF THREE READING ABILITY GROUPS IN 

RESPONSE TO INFORMATION-INTAKE EVENTS 

A. VERBAL INSTRUCTIONS 

PARAMETER SOURCE DF SS MS F P * 
CHANGE Between 2 759.6 379.8 1.85 0.21 

Within 9 1844.9 204.9 • • • • • • • • 

Total 11 2604.6 • • • • • • • • • • • • • 

PERCENT CHANGE Between 2 186.3 93.1 0.54 0.59 
Within 9 1533.8 170.4 • • • • • • • • 

Total 11 1720.2 • • • • • • • • • • • • • 

DURATION Between 2 0.003 0.001 9.40 0.67 
Within 9 0.033 0.003 • • • • • • • • 

Total 11 0.036 • • • • • • • • • • • • • 

B. SILENT READING 

PARAMETER SOURCE DF SS MS 
CHANGE Between 2 1259.9 625.4 

Within 9 2216.7 246.3 
Total 11 3467.6 • • • • • 

PERCENT CHANGE Between 2 535.8 267.9 
Within 9 687.8 76.4 
Total 11 1223.7 • • • • • 

DURATION Between 2 0.016 0.008 
Within 9 0.042 0.005 
Total 11 0.058 • • • • • 

2.53 
• • 

• • 

50 
• • 

• • 

71 

13 
• • 

07 
• • 

23 

C. LISTENING 

PARAMETER SOURCE DF SS MS 
CHANGE Between 2 162.5 81.2 

Within 9 1075.0 119.4 
Total 11 1237.6 • • • • • 

PERCENT CHANGE Between 2 17.6 8.8 
Within 9 242.7 26.9 
Total 11 260.3 • • • • • 

DURATION Between 2 0.003 0.001 
Within 9 0.022 0.002 
Total 11 0.025 . • • • • 

0.68 • • 

32 

54 

53 

73 

60 

*DF = degrees of freedom, SS = sum of squares, MS = mean 
square, F = F test ratio, P = significance level. 
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TABLE VIII 

TWO-WAY ANALYSIS OF VARIANCE OF CARDIAC BEHAVIORAL 
COMPONENTS OF THREE READING ABILITY GROUPS IN 
RESPONSE TO INFORMATION-PROCESSING EVENTS 

A. READING ALOUD 

PARAMETER SOURCE DF SS MS 
CHANGE Between 2 723.9 361.9 

Within 9 1958.8 217.6 
Total 11 2682.7 • • • • • 

PERCENT CHANGE Between 2 814.6 407.3 
Within 9 1161.4 129.0 
Total 11 1976.1 * • • • • 

DURATION Between 2 0.027 0.014 
Within 9 0.120 0.013 
Total 11 0.147 • • • • • 

p * 
66 • • 

15 • • 

03 

0.24 
9 • 

09 • • 

39 

B. TEACHER ASSESSMENT OF SUBJECT 

PARAMETER SOURCE DF SS MS 
CHANGE Between 2 2.1 1.0 

Within 9 2048.1 227.5 
Total 11 2050.3 • • • • • 

PERCENT CHANGE Between 2 49.4 24.7 
Within 9 1463.9 162.6 
Total 11 1513.3 • • • • • 

DURATION Between 2 0.002 0.001 
Within 9 0.029 0.003 
Total 11 0.031 • • * • • 

0705 

15 

26 

99 

86 

77 

C. TEACHER ASSESSMENT OF GROUP MEMBER 

PARAMETER SOURCE DF SS MS 
CHANGE Between 2 180.5 90.2 

Within 9 2653.8 294.2 
Total 11 2834.4 • • • • • 

PERCENT CHANGE Between 2 237.9 118.9 
Within 9 2369.9 263.3 
Total 11 2607.8 • • • • • 

DURATION Between 2 0.013 0.006 
Within 9 0.037 0.004 
Total 11 0.050 • • • • • 

0.30 

45 0 

55 

0.74 • • 

65 • • 

26 

*DF = degrees of freedom, SS = sum of squares, MS = mean 
square, F = F test ratio, P = significance level. 
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table associated with Hypothesis V. For df = 2, 9 the 

critical ratio is 4.26. Inspection of the F values for 

each of the factors descriptive of cardiac behavior within 

each of the information-processing events reveals that the 

critical F values were not achieved. The hypothesis could 

not be supported, signifying that no statistically signifi-

cant responses occurred to distinguish between the three 

ability groups on the basis of information-processing 

events. 



CHAPTER V 

DISCUSSION, SUMMARY, CONCLUSION, RECOMMENDATIONS 

Discussion 

The present study was undertaken to test whether 

heart rate changes provide a reliable measure of student 

attention in the classroom. Classroom events were classified 

as information-intake and information-processing. The 

cardiac behavior of students was monitored through the use 

of telemetry and cardiotachometry. In addition to the 

magnitudes of change of heart rate, the durations of cardiac 

responses were also studied. Data for heart rate were 

expressed both as magnitudes of change in absolute rate 

and as percent change. Data for durations of cardiac 

responses were expressed as fractions of minutes. These 

data were used to test hypotheses designed to statistically 

measure: (1) the ability of cardiac behavior to distinguish 

intake events from processing events; (2) the ability of 

cardiac behavior to distinguish between intake events; 

(3) the ability of cardiac behavior to distinguish between 

processing events; (4) the ability of cardiac behavior to 

distinguish between student ability levels within the intake 

and processing categories. This chapter elaborates on the 

findings of this study. 

58 
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Hypothesis I was a test of the ability of cardiac 

responses to differentiate between information-intake and 

information-processing events. The information-intake 

events were taking verbal instructions, silent reading and 

listening. The data for these events were averaged across 

groups. These data are found in Table II. The information-

processing events were reading aloud, teacher assessment of 

the subject, and teacher assessment of a group member. The 

data for these events were also averaged across groups. 

Table V contains these data. This hypothesis was tested by 

a two-way analysis of variance with repeated measures at the 

p = .05 level. The results shown in Table iv were statistically 

nonsignificant. On the basis of the nonsignificance of these 

results cardiac behavior did not differentiate intake from 

processing events. The significance levels achieved were: 

for changes in absolute rate, p = .60; for percentage change 

of heart rate, p = .81; for duration of cardiac response, 

p = .60. 

Inspection of Tables II and h i reveals two notable 

results. First, from Table II , taking verbal instructions 

produced an averaged cardiac acceleration. This was true 

for both the magnitude of change in heart rate and the 

percent change in heart rate. The magnitude of heart rate 

change was 6.7 beats per minute and the percent change was 

+7.5 percent. Based on the Lacey hypothesis a decelerative 

response was expected. The second result appears in Table 
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HI: reading aloud produced an averaged across-group 

deceleration of 0.2 beats per minute. An acceleration 

was predicted. The percent change of heart rate for this 

event followed the expected accelerative.trend. It should 

be recalled that the data analyzed were averaged data. 

A discrepant outcome would be possible depending on the 

magnitudes of change and direction of change. Inspection 

of the data of Table III reveals that the group mean responses 

for magnitude of change for reading aloud were: Group 1 = 

-0.8; Group 2 = +0.6? Group 3 = -9.4. The group mean data 

for percent change of heart rate were: Group 1 = +1.4; 

Group 2 = +14.9; Group 3 = -4.8. Averaging of these figures 

gives a resultant mean for the event of the reported -0.2 

beats per minute for the magnitude of response and the +3.8 

percent for change. The results for both verbal instruction 

intake and reading aloud were contrary to the responses 

expected on the basis of Lacey's hypothesis. 

The unexpected magnitude of change findings for reading 

aloud and taking verbal instructions probably influenced the 

analysis of variance of the two categories. The accelerative 

value for verbal instructions when collapsed with the 

decelerative values for both silent reading and listening 

would produce a large standard deviation (Table XII). Like-

wise, the decelerative value for reading aloud v/hen collapsed 

with the accelerative values for assessment of the subject 

and assessment of a group member would generate a large 
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standard deviation. These large standard deviations 

coupled with means for each category that tended toward 

zero, following averaging of both accelerative and 

decelerative responses, produced a nonsignificant result. 

On the basis of the obtained data for verbal instructions, 

it would appear this event was inappropriately classified. 

From the data, taking verbal instructions produced a 

characteristic processing response. This event was placed 

in this category because of Lacey's contention that sustained 

attentiveness to external stimuli produces cardiac deceleration. 

From the data, the magnitude of change response to verbal 

instructions would suggest that processing began immediately. 

By definition, for this study, the cardiac response used 

for characterization was the first response observed. It 

is possible that the demand of the verbal instruction 

placed greater need on analysis of the information. Such 

demand could be accompanied by cardiac responses that off-

set the response for information-intake. From classroom 

studies Doyle (3) states that the outcome of attending to 

classroom events does not depend on the classification of 

an instructional event, but on the task structure defined 

by that event. The cardiac response in question possibly 

substantiates this with physiological data. 

Data relating to differences in task demands may be 

evident from the verbal instruction responses shown in 

Table ii . Inspection of the magnitudes of response reveals 
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that Group 1 had a mean response of 17.9 beats per minute; 

Group 2, a mean of 1.9 beats per minute; Group 3, a mean of 

0.3 beats per minute. Differences were evident in the 

qualitative natures of verbal instructions given the three 

ability groups. Group 1 was often given options to achieve 

an end result. It was not uncommon for them to have to 

decide on an option at the time of the instruction. They 

had to analyze the options and choose, in addition to fully 

comprehending the instruction. These circumstances could 

constitute a momentary large-magnitude task demand for third 

grade students and therefore an accelerative response. Group 

2, during the time of observation, were frequently asked to 

be creative in the context of achieving an instructional 

end result. For example, summarize a reading passage in 

the form of a Haiku poem. Additionally, workbook assignments 

were interwoven into instructional frameworks. Group 3 

typically received brief task-oriented directions. Common 

instructions were: read designated pages and complete a 

specified work sheet. By comparison, to each of the other 

two groups these appear to be simpler task structures. The 

simpler task demand may have produced, therefore, the smaller 

magnitude of change. The elementary classroom may be a 

setting in which differentiation of task demand, in the 

form of verbal instructions, may be correlated with the 

cardiac response. 
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Reading aloud produced an inconsistency of results 

within the information-processing category. The mean 

magnitude of response, averaged across groups, was -0.2 

beats per minute. On this basis the resulting cardiac 

response would have to be termed decelerative. This was 

unexpected. Lacey's theory would have predicted an 

acceleration. From this finding it is possible that 

reading aloud was improperly classified as a processing 

event. It was termed a processing event due to the multiple 

requirements of: word recognition, the possible cortical 

events of accessing a definition from memory, the motor 

events of verbalization, and the inherent demands of public 

performance. The natures of the reading material may have 

influenced the results. It was observed across groups 

during the period of monitoring that the reading matter 

involved stories of people, places, and life styles not 

common to these students. Ethnic names, unfamiliar places, 

different habits of living were common to the reading matter. 

It is possible that first exposures to such novel ideas 

induced a characteristic intake mode. Cardiac deceleration 

would, therefore, result. 

Hypothesis II predicted the ability to differentiate 

between the events of information-intake on the basis of 

cardiac behavior. The data tested is that found in Table 

II. The analysis of variance of these data is presented 

in Table V. The results were not significant at the p = 
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.05 level. The significance levels obtained were: for 

magnitude of heart rate change, p = .23; for percent change 

of heart rate, p = .59; for duration of the response, p = 

.85. Cardiac behavior, described by these variables, did 

not distinguish between verbal instructions, silent reading, 

or listening. 

Table II presents the analyzed data for the intake 

events. Inspection of the magnitude of change and percent 

change data again reflects an inconsistency across groups. 

As previously noted verbal instructions produced acceleration 

rather than the expected deceleration. Silent reading and 

listening conformed to Lacey's theory; each produced 

deceleration of cardiac activity. 

The differentiation of the three events of the 

information-processing category by cardiac behavior was 

tested within Hypothesis III. These events were reading 

aloud, teacher assessment of the subject, and teacher 

assessment of a group member. The data utilized for this 

analysis appear in Table III. The results of the analysis 

of variance appear in Table VI. The analysis of the 

magnitude of heart rate change produced p = .72; the percent 

change data, p = .90; the duration of the response, p = .26. 

From these results the hypothesis could not be supported; 

cardiac behavior was not an adequate discriminator of these 

information-processing events. 
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The inability to discriminate between the two assessment 

events seems evident. The magnitudes of change for the two 

assessment events are essentially the same. The two events 

could not be distinguished when the means differed so little, 

and the standard deviations (Table XII) were as large as 

reported. 

The inability to distinguish the two states of assess-

ment was unexpected. Heart rate can be used as an index of 

cortical arousal of a subject. Conceptually, the subject 

would show a greater state of arousal when he is being 

assessed than when a group member is assessed. It seems 

plausible the immediacy of the task demands of subject 

assessment would be accompanied by a larger magnitude of 

response than during group member assessment. Such was 

not the case from these data. 

Hypothesis IV predicted that analysis of variance of 

cardiac behavior responses to information-intake events 

would differentiate between reading ability groups. The 

data analyzed was that from Table II . The findings of this 

analysis are presented in Table VII. The results of all 

three descriptors yielded statistically nonsignificant 

results. The resultant significance levels for magnitude 

of change were: verbal instruction, p = .21; silent reading, 

P = -13; listening, p = .53. The significance levels for 

percentage change were: verbal instruction, p = .59; silent 

reading, p = .07; listening, p = .73. The significance 
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levels of duration of response were: verbal instructions, 

p = .67; silent reading, p = .23; listening, p = .60. From 

these values of significance none of the three intake events 

distinguished between ability groups. 

The inability of the cardiac responses to distinguish 

between ability levels is somewhat surprising. The Iowa Test 

of Basic Skills (ITBS) scores for vocabulary and word analysis 

(Table I) appear to suggest that some difference was to be 

expected. The ITBS scores for vocabulary and word analysis 

for Groups 1 and 2 were at or above grade level. In contrast, 

Group 3 exhibited scores below grade level. On this basis 

it seemed plausible to anticipate statistically significant 

differences with regard to intake events. The need to analyze 

verbal and reading communication to a greater extent by Group 

3 compared to Groups 1 and 2 seemed reasonable. The task 

demands, therefore, might have been reflected in more diver-

gent cardiac responses. 

With regard to group differences, extrapolation of data 

from Pellegrino and Glaser (10) and Pick, et al. (11) , 

suggests that higher ability students attend more selectively 

than lower ability students. This extrapolation has been 

confirmed by Doyle (2). From such data cardiac differen-

tiation had been expected with regard to the verbal instructions 

and listening events. The previous discussion of differences 

in the natures of verbal instructions given the three reading 

groups was another reason for expecting group differences. 
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The group mean responses for verbal instructions (Table IV) 

would suggest possible group differentiation. The ANOVA 

results did not support this stance. From Table VII, silent 

reading yielded magnitude of change and percent change 

significance levels that came nearest to achieving the 

desired P value. The resultant level of significance for 

percent change was p = .07; for magnitude of change of 

heart rate, p = .13. Observation of the reading groups 

noted that Group 2 typically was required to read silently 

more frequently and of longer duration than Groups 1 or 3. 

Group 1 typically read silently, looking for a word or 

phrase to answer a question or justify a response. Group 3, 

when asked to read silently, often read a multi-paragraph 

segment. The combination of demands, frequency, duration, 

and implied purpose, may have induced cardiac responses 

differing sufficiently to produce the obtained significance 

levels. 

Hypothesis V was a directional statement predicting 

cardiac responses that would significantly distinguish 

ability group responses to processing events. The data tested 

were those of Table H I . The analysis results of this data appear 

in Table VIII. From this table, the achieved levels of signi-

ficance for magnitude of heart rate change were: reading 

aloud, p = .24; teacher assessment of subject, p = .99; teacher 

assessment of a group member, p = .74. The significance 

levels for percentage change were: reading aloud, p = .09; 
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teacher assessment of the subject, p = .86; teacher assessment 

of a group member, p = .65. And, for duration of response 

time the significance levels were: reading aloud, p = .39; 

teacher assessment of the subject, p = .77; teacher assess-

ment of a group member, p = .26. The hypothesis could not 

be supported. 

The inability of these variables to distinguish ability 

levels supports Kahneman's statement (5) that no physiological 

parameter, by itself, has proven capable of distinguishing 

between subject differences with regard to mental effort. 

Heart rate coupled with pupil diameter measurements of 

galvanic skin response have proven somewhat successful in 

this endeavor (5). These other measureable parameters are 

not presently practical for measurement in an elementary 

classroom setting. 

Cardiac behavior was used as the basis for following 

student activity. The most obvious facet of this behavior 

is magnitude of heart rate change. Within the concept of 

fully describing cardiac behavior, however, the duration of 

a directional response is an important descriptor. Control 

of heart rate is one example of homeostasis. Like most 

homeostatically controlled mechanisms fluctuation of activity 

normally occurs within limits. Any event that produces 

heart rate change will superimpose its influence upon the 

normal fluctuations. The question in this study, with 

regard to duration, was how would these events effect the 
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heart's directional responses. The concept of differentiating 

between events and ability levels by their influence on dura-

tion of a response was considered important. It should be 

restated at this point: no control of the classroom or reading 

groups was imposed. Therefore, the total number of stimuli 

impinging on students may have been considerable at any given 

time. The outcome of this lack of control was a high proba-

bility of two stimuli acting on a subject in rapid chrono-

logical order. One event driving the heart in one direction 

might be off-set by the arrival of the second stimulus whose 

cardiac influence might be contrary to the first. The cardiac 

behavior typical of the first stimulus would be prevented 

from fully developing. 

The occurrence of stimuli in rapid order was observed 

within the reading groups. For example, a verbal instruction 

might be followed closely in time by a teacher prompt, elabo-

ration on the point in question, or another group member 

response. Any one of these might induce variable demands. 

The chronological sequence of these demands may have negated 

the true duration response to an event. Thus, the nonsig-

nificant difference would probably result. 

Duration of response as a descriptive element was not 

used by Lacey in supporting his hypothesis. Rather he used 

the rate average of the twelve highest beats in the minute 

preceding a stimulus and the rate average of the twelve highest 

beats in the minute following a stimulus (7, 8). Subsequent 
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studies seeking to confirm his findings and/or test his 

theory's compliance with activation theory (7) followed 

similar protocols. The classroom conditions utilized in 

this study may have off-set valid duration responses. 

The data used in this study were group averaged for 

analysis. The group or the event was the unit of study. 

The results proved statistically nonsignificant for groups 

and events. Search of the literature revealed no study 

of this nature where a physiological parameter was used 

as the basis for monitoring student attentiveness. It seemed 

prudent as a first study to utilize averaged data. Loss of 

individual sensitivities by such treatment of the data was 

recognized. Inspection of the data in Appendix D will reveal 

that indivudal student responses to events were frequently 

of considerable magnitude. The individual often appeared to 

respond with sensitivity to events. Figure 1 represents a 

ten minute segment of one student's cardiac behavior to 

reading group events. This sequence was typical of those 

events studied. The student in question showed sensitivity 

to the flow of events within the reading group. If one's 

interest is in measuring attention, the statistical signifi-

cance of cardiac responses may not be the critical factor. 

The appropriate directional response to the qualitative nature 

of an event may be the critical point of interest. It is 

believed, despite the statistical nonsignificance of these 

results, that this technique may yet prove useful to the 
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study of individual student attentiveness. More work would 

be required to substantiate this contention. 

Summary 

This study was concerned with an investigation of tele-

metrically monitored heart rate of third grade students to 

test its efficacy as a measure of student cognitive activity. 

The problem was to test for statistically significant responses 

to predetermined events occurring within the normal reading 

group. That stereotypic heart rate changes would be detec-

tible was presumed based on a theory propounded by Lacey 

(6, 7, 8, 9). Reading group activities were classified as 

information-intake and information-processing. The former 

group, according to Lacey's theory, would be typified by 

cardiac deceleration, the latter group by cardiac acceleration. 

Utilization of biotelemetry and cardiotachometry tech-

niques permitted the students to be monitored unhindered 

within the context of their normal classroom environment. 

Control of factors within the reading group and classroom 

were not attempted. Data for the testing of the Lacey theory 

were extracted from continuous individual records of heart 

rate. These data corresponded to identifiable events that 

occurred within the reading groups. Cardiac behavior was 

expressed as the magnitude of change, the percent change, 

and the duration of change. 
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Five hypotheses were tested: (1) information-intake 

would be differentiable from information-processing by sta-

tistically significant directional cardiac responses; (2) 

three information-intake events would be statistically 

distinguishable from each other on the basis of cardiac 

responses; (3) three information-processing events would be 

statistically distinguishable from each other on the basis 

of cardiac responses; (4) reading ability groups would be 

statistically differentiable on the basis of different cardiac 

responses to information-intake events; (5) reading ability 

groups would provide cardiac responses to information-processing 

events that would statistically distinguish them. None of the 

above were found to be statistically significant. 

The data suggested that verbal instruction intake and 

reading aloud were improperly classified according to the 

imposed demand of information-handling. Possible causes for 

these findings were discussed. 

Conclusion 

Group averaged cardiac behavioral data proved insensitive 

as a discriminator of elementary reading group events. Addi-

tionally, ability groups were not distinguished by their 

cardiac behaviors to these events. 

Despite the statistical nonsignificance of the results, 

silent reading and listening exhibited the predicted decele-

rative tendencies of information-intake events. Likewise, 
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the information-processing events, teacher assessment of 

subject and teacher assessment of a group member, adhered 

to the theory being tested by producing acceleration responses. 

Based on the obtained data two events were a priori 

improperly categorized. The cardiac response to taking verbal 

instructions was an acceleration. The Lacey theory predicted 

deceleration. The response to reading aloud was a deceleration 

in contrast to the predicted acceleration. 

Recommendations 

Based on the performance and findings of this study the 

following recommendations are made. 

1. Attention should be given to instances of verbal 

instruction intake to differentiate the varying types of 

instructions. The nature of implied task demands may allow 

discrimination by cardiac responses. The underlying cause 

of this event being misclassified may be revealed. 

2. Attention should be given to instances of reading 

aloud in order to elucidate the possible cause of its improper 

classification. 

3. In addition to teacher-dominated activities, cardiac 

behavior of students during individualized seat-work should 

be monitored. This would permit formulation of a truer in-

dividualized response to classroom events, allowing response 

duration time to be unhindered and becoming a more valid 

experimental variable. 
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4. High and low order questions during subject and/or 

group member assessment should be separated. This would 

permit testing the cardiac behavior on the basis of demand 

on the individual. 

5. Group events should be controlled to the extent 

that consecutive events are not superimposed on one another. 

Response duration would be potentially more discriminative. 

6. In order to permit possible distinction between 

events using biphasic or other complex responses, the output 

of the cardiotachometer should be recorded. This would 

permit further replay, editing, storage, or averaging by 

computer or other technique. 

7. In order to obtain a measure of individualized 

attentiveness, the student should become the unit of analysis. 

Within-subject analysis of cardiac responses may prove useful 

as a means of distinguishing between ability levels and 

classroom events. 
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Date 

Assistant Superintendent for 
Curriculum and Instruction 

Independent School District 
, Texas 

Mr. Super intendent: 

I am writing in hopes of securing your approval for my 
entering and using selected students from one classroom in 
one of the elementary schools within the Independent 
School District as subjects for my dissertation research. 
The chairman of my faculty advisory committee is Dr. H. 
Dale Luttrell. A copy of my dissertation proposal is 
enclosed for your study. 

Briefly stated, my proposed topic involves the testing of a 
hypothesis generated from psychophysiological findings: 
heart rate decelerates while information is taken in, while 
acceleration appears to typify ideation on the part of the 
individual. My library research has not produced any in-
stance where this has been tested in the classroom. I 
propose the monitoring of heart rate telemetrically as a 
means of expanding the testing of this hypothesis outside of 
the clinic and laboratory. It would appear that monitoring 
this parameter while recording student involvement with the 
subject matter would be a source of convergent data for the 
question of student engagement time. Obtaining the data 
telemetrically comes as near to monitoring an individual in 
his/her unhindered, natural setting as possible. 

In the hope of being able to correlate my findings with those 
from classroom teacher effectiveness studies, I am limiting 
my data gathering to reading groups only. I should stress 
that in no way is either the teacher or student being eval-
uated. The student's academic performance will not be in-
fluenced positively or negatively. The classroom routine 
is not envisioned as being interrupted. Simply stated, I 
wish only to be in the classroom as unobtrusively as possible 
to correlate transmitted heart rate with observed behavior 
and engagement. 

Recording such data involves attaching two surface electrodes 
filled with a paste to insure good electrical conductivity 
between the skin and electrode. Attachment is accomplished 
by means of an adhesive ring; the adhesive is similar to that 
on an adhesive band. It is not uncomfortable. My proposal 
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page 2 

states that once all approvals are obtained, the cooperating 
teacher would attach the electrodes to the female subjects 
and those male subjects that might object to my doing so. I 
propose attaching the electrodes just prior to school or 
during a break designated by the teacher. 

Twelve students are to be randomly chosen, four each from 
the high-, middle-, and low-ability reading groups. Hope-
fully, two girls and two boys will comprise the study group 
for each reading level; the subjects are to be randomly chosen. 
Each student would serve as a subject for five consecutive 
days, for the duration of his/her reading group, plus 
approximately five minutes prior to and following the read-
ing group. One student from each ability group would be 
monitored each day for one week; this schedule would have 
me in the cooperating classroom for four weeks. 

I understand that a principal must agree to this, as well as 
a teacher, and additionally, the parents of each randomly 
chosen child. 

I will be most happy to meet with you to discuss this further, 
as you deem necessary. I am ready to begin as soon as 
possible. 

Thank you for your time and consideration. 

Sincerely yours, 

Robert L. Agnew 
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Date 

Dear Parent: 

I am a doctoral student working with Dr. Dale Luttrell of 
the College of Education at North Texas State University. 
Mr. Superintendent, Mr. Principal, and Mrs. Teacher have 
given their permission to use this classroom. I am request-
ing your permission to use in my study. 

I will be recording heart rates of students for thirty minutes 
during reading group for one week. Your child's performance 
will not be affected; he will not be uncomfortable; his 
teacher will be present at all times. I will record heart 
rate similar to a physician's electrocardiograph. I am 
experienced in this type of procedure; this project has 
been reviewed for any potential risk by the NTSU Committee 
on the Use of Human Subjects and has been approved. 

In order for your child to participate in this study I need 
your written permission. The enclosed form is the consent 
form. Should you desire further information, please call 
me at 387-4447. Please return the signed consent form to 
school with your child. Thank you for your time and con-
sideration. 

Cordially, 

Robert L. Agnew 
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TABLE IX 

INDIVIDUAL SUBJECT DATA USED TO COMPUTE GROUP MEAN VALUES 
FOR MAGNITUDE OF HEART RATE CHANGE (BEATS PER MINUTE) 

VERBAL SUBJECT GROUP 
INSTRUC- SILENT LISTEN- READING ASSESS- ASSESS-

SUBJECT TIONS READING ING ALOUD MENT MENT 

*-05 -05 +05 +05 +22 +15 
-15 -150 -44 +15 +08 00 

111 +05 -50 -45 00 -08 +05 
+05 00 -08 00 -06 -50 
-25 -01 -14 00 + 52 +05 
+ 85 -50 -06 -25 +33 -05 
+21 -28 -43 + 25 + 75 + 45 

121 +14 -53 -53 +20 + 55 +18 
-28 -52 -41 +10 -58 + 32 
+ 05 00 +05 +25 +05 -05 
+ 05 -18 -10 00 +08 +15 
-30 00 -28 00 -73 -25 

122 + 33 -16 -25 -35 -25 -12 
+ 16 +18 -15 -65 + 10 +16 
+48 +05 -45 00 +03 + 38 
+35 +08 -40 -20 00 -05 
+12 -38 -26 + 05 +50 +38 

123 -05 + 48 -16 +20 +05 +30 
+26 +05 -04 00 + 10 -05 
+45 -45 +02 +05 -35 + 33 
-33 -60 -10 00 00 +08 
+06 -50 -05 -85 +32 -35 

211 +05 +07 + 05 +08 00 -25 
+05 -13 -21 + 25 + 50 + 30 
+35 -70 +05 +65 00 -06 
-05 -05 -28 00 +05 -05 
00 -11 -11 +10 +05 -15 

212 + 43 -12 -44 00 -15 +08 
+05 -38 -12 + 20 +05 -05 
+11 00 -05 + 05 + 25 -38 
+05 -12 -18 +08 +12 +20 
-05 +05 -05 +35 -10 -25 

221 +35 00 -06 +15 +12 -10 
00 -17 -05 + 40 -45 +100 

-12 +15 -18 +05 + 05 +08 
-06 00 -29 +08 +17 -55 
+05 -08 -05 +35 + 50 00 

222 +11 -60 -10 + 15 00 +05 
-38 -100 -47 + 40 -22 00 
-19 -100 -35 +05 +20 +52 

* + indicates cardiac acceleration 
- indicates cardiac deceleration 
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TABLE IX—Continued 

VERBAL SUBJECT GROUP 
INSTRUC- SILENT LISTEN- READING ASSESS- ASSESS-

SUBJECT TIONS READING ING ALOUD MENT MENT 

* + 28 -28 -17 -85 -72 + 50 
+39 +11 -31 -48 -07 +12 

311 + 35 -25 -36 00 -08 +50 
-17 -28 -36 00 +08 +25 
-08 +38 -53 -20 -07 +75 
-08 -42 -32 00 -20 -65 
+08 -05 -12 + 50 +25 +20 

312 + 09 -53 -19 -05 +10 -57 
-09 -28 -39 +35 + 32 +12 
-08 -17 -21 +05 +63 +08 
-05 -10 -05 -05 +05 +03 
-38 -15 +06 00 -05 00 

321 +05 +03 -34 -20 -08 + 34 
-05 -05 +05 +05 +10 -08 
-05 -05 -05 -05 +05 -05 
-05 -05 -05 +10 +10 +10 
-09 + 13 -05 +15 + 32 -20 

322 -05 -28 -05 +05 00 +05 
-08 +03 -22 -50 +40 +05 
+07 
j. • i » -03 -12 -75 +13 +20 

- indicates cardiac deceleration 
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TABLE X 

INDIVIDUAL SUBJECT DATA USED TO COMPUTE MEAN VALUES FOR 
PERCENT CHANGE OF HEART RATE 

VERBAL SUBJECT GROUP 
INSTRUC- SILENT LISTEN- READING ASSESS- ASSESS-

SUBJECT TIONS READING ING ALOUD MENT MENT 
*-01.1 -03.0 +04.3 +05.3 +27.7 + 17.5 
-13.0 -75.0 -31.3 +06.7 +05.6 +00.2 

111 +01.9 -20.0 -20.1 00.0 -04.2 +06.1 
+00.8 00.0 + 04.9 00.0 -06.5 -22.2 
-25.0 +00.1 +01.1 00.0 + 55.3 +05.3 
+94.4 -37.5 -06.8 -20.0 + 43.7 -03.4 
+30.0 -04.2 -30.6 +25.0 +80.0 +90.4 

121 +14.4 -26.3 -30.2 +21.0 +61.1 + 20. 5 
+00.8 + 27.7 -18.4 +09.5 -66.7 + 26.5 
+03.1 00.0 +00. 6 +33.3 +04.8 +02.9 
+01.2 -16.8 -09.4 00.0 +08.9 +15.8 
-30. 5 00.0 -12.2 00.0 -36.1 -16.6 

122 +38. 0 -12.2 -13.6 -28.0 -16.7 -07.0 
+18.8 -05.4 -12.0 -43.3 +07.4 + 27.8 
+ 47.9 +03.3 -15.9 00.0 + 07.0 + 30.0 
-37.0 -01.8 -26.5 -16.7 00.0 -05.3 
+18.7 -23.5 -17.8 +05.6 +60.8 + 39.4 

123 -05.5 +56.6 -01.2 +25.0 +11.4 + 31.9 
+26.3 +05.3 -03.5 00.0 +11.6 -05.0 
+ 40.9 -24.6 +09.8 +05.9 -20.2 +29.2 
-19.2 -40.0 -05.2 00.0 00.0 +08.3 
+08.6 -27.7 -09.5 -42.5 +28.2 -28.0 

211 +01.3 +03.7 + 11.6 +15.5 00.0 -25.0 
+03.3 -06.8 -14.4 +16.7 +33.3 +34.7 
+33.1 -40.0 +11.2 +59.1 00.0 -02.2 
-05.9 -05.9 -19.6 00.0 +05.6 -05.2 
+01.6 -11.7 -10.3 + 10. 8 +03.4 -14.5 

212 + 60.4 -06.3 -27.6 00.0 -00.4 +05.5 
+02.6 -26.3 -00.9 +26.4 +01.9 -01.6 
+ 31.8 00.0 -01.5 -08.1 + 33.3 -27.2 
+05.3 -10.9 -15.6 +09.6 +13.7 +25.0 
+13.1 + 21.3 -06.0 +50.0 +18.5 -10.0 

221 +29.7 +00.5 -04.4 +15.0 +12.3 -09. 5 
+01.7 -16.5 +06.0 +50.0 -16.6 +100.0 
-05.8 +13.6 -14.4 +0 2.5 +03.3 +07.5 
+07.5 +09.1 -15.3 + 57.2 + 11.1 -31.5 
+07.6 -04.1 -01. 2 -25.0 + 30.9 00.0 

222 + 20. 6 -40.0 -11.0 + 31.2 00.0 +00.5 
-08.4 -57.1 -25. 5 +18.1 -07.8 +01.9 
-06.7 -57.1 -16.3 +05.3 +26.7 + 47.8 

* + indicates cardiac acceleration 
- indicates cardiac deceleration 



TABLE X — Continued 

86 

VERBAL SUBJECT GROUP 
INSTRUC- SILENT LISTEN- READING ASSESS- ASSESS-

SUBJECT TIONS READING ING ALOUD MENT MENT 
* +33.9 -16.7 -08. 3 -53.1 -45.4 + 33.3 
+ 50.6 + 14.9 -07.9 -29.6 -06.9 +16.7 

311 + 28.6 -11.8 -07.0 00.0 +07.9 + 54.2 
+08. 3 -21.1 -20.1 00.0 +20.2 + 16.7 
-06.6 + 46.9 -29.1 -15. 5 -01.6 +100.0 
-04.2 -27.1 -15.5 00.0 +02.5 -36.5 
+04.8 -00.3 -05.2 + 28.6 + 13.1 +21.9 

312 +16. 4 -33.8 -08.7 -05.3 + 24.9 -37.5 
+04.6 -22.8 -21.3 + 37.6 +38.4 + 14.9 
-02.2 -10.3 -14.3 +04.5 +72.6 + 10.0 
-04.1 -10.0 +00.1 -05.1 +05.1 +03.6 
-19.9 -15.4 +04.8 00.0 -04.9 00.0 

321 +06.3 +05.3 -17.6 -16.0 +08.3 +27.7 
-52. 6 -01. 2 +02.4 +04. 4 +11.1 -06. 5 
-02.1 -00.9 -01.0 -04.8 +04.8 -05.5 
-06.7 -06.7 -04. 6 + 15.4 + 18.6 + 16.0 
-12.2 + 10.0 -01.7 + 25.0 +44.0 -26.7 

322 -00.1 -21.6 -06.2 +07.1 00.0 +04.0 
-05.1 +05.8 -20. 2 -40.0 + 64.9 +08.3 
-02.9 
X . • 1 

-03.3 -08.9 -50.0 +18.7 +23.5 

- indicates cardiac deceleration 
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TABLE XI 

INDIVIDUAL SUBJECT DATA USED TO COMPUTE GROUP MEAN VALUES 
FOR DURATION OF HEART RATE CHANGE (1/100 MINUTE) 

VERBAL SUBJECT GROUP 
INSTRUC- SILENT LISTEN- READING ASSESS- ASSESS-

SUBJECT TIONS READING ING ALOUD MENT MENT 
0.27 0.28 0.41 0.15 0.48 0.35 
0.40 0.15 0.27 0.25 0.27 0.45 

111 0.39 0.35 0.48 • • i * 0.27 0.20 
0.47 0.75 0.59 • • • • 0.57 0.50 
0.60 0.37 0.20 • • • • 0.10 0.30 
0.15 0.10 0.29 0.30 0.25 0.53 
0.23 0.20 0.36 0.40 0.20 0.23 

121 0.39 0.24 0.29 0.40 0.40 0.27 
0.27 0.25 0.26 0.20 0.13 0.35 
0.25 • • • • 0.20 0.20 0.25 0.23 
0.52 0.28 0.47 0.20 0.25 0.55 
0.28 • • • • 0.22 • • • • 0.25 0.35 

122 0.33 0.26 0.31 0.20 0.30 0.28 
0.36 0.28 0.31 0.15 0.27 0.47 
0.37 0.28 0.40 • • • t 0.28 0.50 
0.53 0.38 0.32 0.15 • • • • 0.80 
0.33 0.21 0.41 0.75 0.28 0.40 

123 0.65 0.28 0.16 0.60 0.33 0.43 
0.43 0.55 0.46 « • • • 0.36 0.32 
0.25 0.35 0.37 0.35 0.35 0.42 
0.33 0.33 0.41 • • • • 0.38 0.42 
0.39 0.20 0.26 0.10 0.18 0.35 

211 0.23 0.28 0.28 0.32 • * * • 0.20 
0.40 0.38 0.36 0.25 0.50 0.20 
0.44 0.18 0.28 0.10 • • • • 0.48 
0.40 0.20 0.26 • • * • 0.25 0.52 
0.28 0.35 0.39 0.35 0.27 0.38 

212 0.25 0.20 0.21 • • • • 0.28 0.28 
0.46 0.21 0.31 1.25 0.56 0.50 
0.36 • • • • 0.79 0.70 0.30 0.23 
0.34 0.32 0.48 0.38 0.43 0.30 
0.35 0.42 0.35 0.15 0.30 0.35 

221 0.34 0.48 0.28 0.20 0.28 0.45 
0.23 0.13 0.44 0.35 0.62 0.30 
0.33 0.25 0.40 0.28 0.35 0.32 
0.33 0.23 0.30 0.35 0.32 0.35 
0.35 0.27 0.49 0.25 0.40 0.55 

222 0.49 0.20 0.40 0.50 • • m • 0.70 
0.60 0.15 0.52 0.35 0.32 0.48 
0.40 0.50 0.24 0.40 0.30 0.43 
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VERBAL SUBJECT GROUP 
INSTRUC- SILENT LISTEN- READING ASSESS- ASSESS-

SUBJECT TIONS READING ING ALOUD MENT MENT 
0.42 0.24 0.17 0.35 0.30 0.30 
0.22 0.40 0.32 0.18 0.27 0.22 

311 0.35 0.28 0.22 • • • • 0.32 0.25 
0.38 0.32 0.41 0.35 0.38 0.60 
0.60 0.53 0.25 0.48 0.30 0.15 
0.38 0.45 0.36 • • • • 0.32 0.45 
0.38 0.25 0.43 0.20 0.25 0.15 

312 0.30 0.43 0.37 0.30 0.28 0.32 
0.20 0.35 0.39 0.23 0.28 0.23 
0.28 0.33 0.42 0.15 0.17 0.25 
0.30 0.15 0.34 0.45 0.22 0.20 
0.22 0.38 0.36 • • • • 0.28 0.45 

321 0.24 0.25 0.31 0.20 0.32 0.24 
0.28 0.34 0.53 0.15 0.35 0.62 
0.41 0.28 0.49 0.25 0.32 0.35 
0.39 0.32 0.45 0.25 0.28 0.32 
0.39 0.38 0.36 0.10 0.28 0.15 

322 0.32 0.33 0.39 0.20 • * * • 0.25 
0.35 0.27 0.33 0.10 0.29 0.60 
0.33 0.48 0.36 0.20 0.30 0.38 
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TABLE XII 

STANDARD DEVIATIONS OF GROUP MEANS USED IN ANALYSIS OF 
VARIANCE OF CARDIAC BEHAVIOR IN RESPONSE 

TO READING GROUP EVENTS 
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CO 
2 
O EH EH 
H O 2 2 
EH 2 W W 
U O H O EH S ^ S 

J D EH 2 2 2 a co OH CO 
C Oi 2 H W H Q W CO (1| W W 
03 EN W Q EH Q O 1*3 W D FFL H 
03 CO J < 

H H 
CO < O M m o a co 

PARAMETER W 2 
J < 
H H H W J O CO PS W CO 

PARAMETER > H CO Pi J « c co <; u a c 

MAGNITUDE 
OF CHANGE 

Group 1 2 0 . 8 2 2 1 1 7 . 7 0 4 6 6 . 7 6 7 3 1 3 . 4 0 0 9 1 6 . 0 3 5 8 1 0 . 9 1 9 6 
Group 2 8 . 2 9 3 6 1 6 . 6 3 8 5 8 . 7 6 7 2 7 . 3 5 2 1 9 . 8 7 7 1 1 2 . 6 9 3 7 
Group 3 1 0 . 6 1 3 8 1 2 . 1 9 0 7 1 3 . 6 4 1 1 2 0 . 4 7 7 0 1 8 . 1 1 1 1 2 4 . 5 8 1 8 

PERCENT 
CHANGE 

Group 1 1 4 . 8 6 6 0 8 . 9 7 6 1 4 . 3 6 3 8 1 1 . 6 5 4 6 1 2 . 8 1 1 1 1 1 . 1 0 8 0 
Group 2 6 . 3 1 8 8 8 . 1 9 1 7 5 . 6 3 0 9 8 . 1 7 6 1 2 . 9 4 0 9 1 3 . 4 8 6 4 
Group 3 1 5 . 8 2 3 1 9 . 0 3 3 3 5 . 4 9 3 3 1 3 . 5 8 1 7 1 7 . 7 4 5 1 2 2 . 0 1 6 6 

DURATION 

Group 1 0 . 0 8 2 7 0 . 1 0 4 7 0 . 0 4 5 0 0 . 1 4 2 0 0 . 0 4 0 8 0 . 0 6 7 6 
Group 2 0 . 0 4 6 5 0 . 0 4 0 0 0 . 0 3 5 0 0 . 1 3 3 3 0 . 0 8 1 4 0 . 0 7 8 0 
Group 3 0 . 0 4 5 7 0 . 0 3 8 6 0 . 0 6 2 9 0 . 0 4 5 0 0 . 0 3 7 0 0 . 0 4 0 3 
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FM TRANSMITTER 

o o ® 

\ FM RECEIVER CAROIOTACHOMETER 

Fig. 2—Telemetry equipment used for data collection 
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