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ABSTRACT 

Title of Thesis: The Effects of an Integrated Learning 
Sequence on the Acquisition and Retention 
of Mathematics and Science Behaviors in 
Grade Five 

William Lee Gray, Doctor of Philosophy, 1970 

Thesis directed by: Henry H. Walbesser 
Associate Professor 
Mathematics and Education 

For many years, educators have used the relationship 

between mathematics and science in the teaching of both sub­

jects. Science examples have been introduced into mathe-

matics programs and often with the intention of facilitating 

the acquisition of mathematics b ehaviors. In other cases, 

mathematics behaviors assumed necessary for the acquisition 

of certain quantitative science behaviors are taught prior 

to the pre s e ntat ion of the quantitative science behaviors. 

There is some support for the notion that teaching the 

math ematics behaviors assumed n ecessary for the science 

b eh aviors facilitates the acquisit i on of the sciencebehavi ors. 

In this experime nt, a comparison is made of the effec-

tiven e ss of two l e arning s equ e nce s in facilitating the 

acqu isition a nd ret e nt ion of c ertain mathe matics a nd scie nce 

b eh aviors. In one l earning sequence, the related mathematics 



and science behaviors are integrated; in the other sequence, 

they are not. It was hypothesized that the integrated 

s e quence facilitates the acquisition and retention of the 

mathematics and science behaviors more than the non-integrated 

s e que nce . 

Thre e quantitative science behaviors were chosen as 

th e final obj e ctives of the learning sequence. By means of 

a task analysis procedure, twenty-two objectives were identi­

fi e d as pre requisite for the three terminal ob j ectives. The 

twenty-five behaviors were then structured in a hierarchy. 

The three terminal objectives were placed at the top of the 

hie rarchy. The subordinate behaviors were arranged below 

the t e rminal obj e ctives in an order suggested by the analysis. 

This hierarchy was used as a guide in the construction 

of the two learning sequences. Each of the twelve lesson 

sequences was designed to promote the acquisition of the 

b ehaviors included in the hierarchy. 

A test was constructed which consisted of assessment 

items designed to test acquisition of each of the mathematics 

and science behaviors in the hierarchy. This test was adminis-

t e r e d on two occasions; onc e , on the day following completion 

o f the l e arning s e que nce and, again, nine weeks later. 

Nine hundred students in thirty fifth-grade classes 

in the Baltimore County Public Schools completed all facets 



of the e xperiment. The classes were randomly assigned to 

one of the two sequences. 

An analysis of variance procedure was used on the 

class means to t e st the acquisition and retention of the 

mathematics and scie nce behaviors. 

The following results were noted: 

1. The coefficient of stability for the criterion 
measure was 0.79. 

2. The coefficient of internal consistency was 0.81. 

3. The integrated sequence produced a significantly 
highe r ove rall perfor mance than the non-inte­
grat e d seque nce in acqu i siti on of the mathe mat i c a l 
b ehav i ors a lthough the r e were n o signi f icant di f ­
ferences in the effects of the sequence on the 
rate of forgetting. 

4. The t wo tre atme nts had no diffe r entia l e ffects on 
the overall per formanc e or the rat e o f forg e tting 
wi th regard t o the scie nce b eh aviors . 

It was concluded that the integrated learni ng sequenc e 

was generally s uperior t o the non-integrate d s equ e nce in 

fac ilitating a c q u isition of t h e math emat i cal beh aviors for 

the p opulation d e fine d in this study . It could not b e e stab -

li s h ed t h at t h e t wo sequ ences h a d d i fferent ial effects on the 

rate of forgetti ng of t h e math e matics or scie nc e b eh avi ors. 

The results a nd c onclus ion s s uggest that fur ther c on-

sideration s h ould be g i ven t o t h e use of i ntegrated l earning 

sequ e nces as an i nstru ction strategy . 
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CHAPTER I 

INTRODUCTION AND REVIEW 

OF THE LITERATURE 

Since science was in its infancy, an interdependence 

between mathematics and science has been exhibited. The 

d e mands of science have motivated research in mathematics 

that has reached increasingly high levels of sophistication. 

Conversely, many scientific advances have been made because 

the mathematics necessary to prove certain conjectures 

theoretically possible has been available for use. 

Educators as well as scientists and mathematicians 

have been aware of the relat i onship between the two disci­

plines and have attempted to use this relationship in the 

teaching of both mathematics and science. Evidence shows 

that the precedent for teaching certain topics in mathemat­

ics through the use of various scientific applications was 

established over two centuries ago. 

In a study of texts used in the United States from 

1706 to 1900, Neitz found that a number of the early texts 

used applied problems and submitted certain tables which 

dealt with scientific subjects. A procedure found in a num­

ber of the texts involved development of a mathematical rule 
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by the analysis and solution of a number of practical prob-

l ems illustrating the rule. The types of applications used 

were restricted. Problems related to topics such as weights 

and measures, . t. 1 astronomy, and nav1ga ion. 

One of the early twentieth century advocates of change 

in mathematics education was John Perry. Near the turn of 

the century, as an influential member of the British Associa­

tion for the Advancement of Science, he led a movement which 

promoted the practical or applied approach to mathematics 

education. 

Five basic principles guided the Perry Movement. They 

included: 

1. It is necessary to disregard unnatural barriers 

between different subjects and parts of subjects. 

2. For the great mass of students, utility is of 

greater importance than philosophical speculation. 

3. Mathematics is the language of science and must 

be taught as such. 

4. Much that is laboriously proved true can be 

assumed and time saved for interesting and 

original work. 

1
John A. Neitz, "Evolution of Old Secondary School 

Arithmetic Books," The Mathematics Teacher, LX (April, 
1967), 387-93. 



5. Physics and mathematics must be taught together. 

Although it is impossible to accurately estimate the 

3 

influence of Perry on later efforts in mathematics education, 

a number of his beliefs have recurred during the twentieth 

century. Whether their reappearance has been due to reference 

to Perry's work or to original thought by later workers is 

. 2 uncertain . 

Re lating Mathematics and Physics 

The close relationship between mathematics and physics 

has provided a foundation for a number of studies. It is 

admitted by several authors that a non-mathematical treat­

ment of physics is possible, but such a treatment is super-

ficial. Most of the literature is concerned with courses in 

physics which are mathematically oriented. 

In the opinion of Robert Carpenter, the most important 

aim of any physics course, regardless of its rigor, should be 

to introduce the student to the processes of exact, quantita­

tive thinking with careful observation and analysis of what 

is observed. For this reason, minimum mathematical compe­

tencies were considered necessary for the course. They were 

identified as two years of algebra and one of geometry. 

2 
Gordon Mock, 

Teacher, LVI (March, 
"The Perry Movement," The Mathematics 
1963), 130-33. 



carpenter also suggested that the physics course and a 

trigonometry course be taken concurrently. He charged the 

mathematics instructor with the responsibility of teaching 

the prerequisite mathematics, but the physics teacher with 

the responsibility of applying the mathematics. No mention 

was made of the mathematics teacher using applied problems 

h 
. 3 

as a teaching tee nique. 

Richard A. Parque conducted a three-year study of 

mathematical deficiencies of senior physics students. By 

administration of a measuring instrument which tested all 

of the areas of mathematics contained in the scope of the 

4 

course, deficiencies were determined. On each of the fifteen 

areas of mathematics considered by Parque, any student who 

answered less than sixty per cent of the questions correctly 

was considered to be deficient in the area. 

On the pretest, the mean score of all students on six 

of the areas was deficient. These areas included work with 

significant digits, calculation of percentage error, propor­

tions, fractional equations, formulas, and trigonometric 

functions . 

After the deficiencies were identified, modifications 

3Robert E. 
Required and Used 
Mathematics, LXII 

Carpenter, "How Much Mathematics Should Be 
in High School Physics?" School Science and 
(May, 1962), 374-78. 
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were made in the course to provide remedial instruction in 

those areas where improvement was needed. It was not speci-

fied whether the remedial teaching used applied problems or 

not. 

Upon completion of the course, a posttest was adminis-

t ered and it was found that the students made significant 

gains in ten of the fifteen areas. The greatest change was 

shown in the six areas which had previously shown deficien-

cies. A follow-up study was suggested to determine the 

. . . 4 
reasons for the deficiencies. 

Other studies have been done and articles written 

about the contributions of mathematics to courses in physical 

science and the use of physics problems in the t eaching of 

mathematics. 

Wick was critical of the type of mathematics teaching 

which he characterized as a series of sterile manipulations. 

His opinion was based on a study of a number of texts as 

well as teaching out of five standard texts. 

In order to illustrate a teaching approach which 

utilized physical situations in the teaching of mathematics 

4
Richard A. Parque , "An Experimental Study to Investi­

gate the Mathematical Needs of Students in 'I'raditional Physics 
Courses,)! School Science and Mathematics, LXI (September, 
1961), 405-8. 

~ 
r1 
' 1' 

v 
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and to provide a closer coordination between mathematics and 

science, Wick devised a unit two weeks i n length which he 

called ''Physical Mathematics.'' In this unit, several princi-

ples of plane geometry which students had learned during the 

year were applied in actual situations. Each problem was 

attacked from a physical point of view. 

Unfortunately, no performance results were available 

from this unit. In a questionnaire, students said that they 

had enjoyed the unit more than any other that they had had 

during the school year and the instructor stated that he 

could not help but feel that the students had learned more 

under the real conditions than they could have been taught 

under more traditional conditions. Both of these observa-

tions are, of course, subjective. The apparent enthusiasm 

for this format does suggest that further work in this area 

. d . 5 is worthy of consi eration. 

At the college l evel , Hannon analyzed the mathematics 

needed for a physical science course. He made the recommen-

dation that the required mathematics be taught during the 

first three weeks of the course. He did not recommend 

teaching these mathematical i deas as they were needed in 

the course. 

5 
John W. Wick, "Physical Mathematics," School Science 

and Mathematics, LXII I (November, 1963), 619-22. 
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From the study, Hannon concluded that about sixty per 

cent of the exercises encountered by the students in the 

physical science course required computation or the making 

of generalizations involving mathematics. Additionally, he 

stated that a large number of mathematical skills are not 

needed, with most of the skills available from a course in 

high school algebra if additional emphasis was placed on 

direct and indirect variation, functions and their graphs, 

interpretation of data, and ability to generalize. Finally, 

and most interesting, he made the statement that the under ­

standing of physical principles requires mathematical 

maturity which can only be gained by presenting a mathe-

matical principle in a variety of situations. No empirical 

evidence was offered to support these conclusions. 

Based on these conclusions Hannon recommended that 

students be required to show a proficiency in the necessary 

mathematical skills, be provided with a course in basic 

mathematics if they fail to meet the standards, and given 

a booklet in which the mathematical principles are carefully 

developed with specific examples applying to the physical 

. 6 
sciences. 

6
Herbert Hannon, "An Analysis of the Mathematical 

Concepts Necessary for the College Physical Science Course," 
Science Education, Vol. XLIII, No. 1 (February, 1959), 

pp. 51-55. 



Relating Mathematics to Sciences 
Other Than Physics 

Overmire identified four ways in which mathematics 

could be stressed in high school biology. They included 

8 

quantitative measurement, presentation of information, esti-

mation, and validation of information. He also presented a 

number of activities that were designed to give students 

practice in each of the areas. 

In each of these activities the students were expected 

to use certain mathematical principles in the solution of 

some scientific investigation. Some of the mathematical 

principles were ones with which the students were already 

familiar while others were new to the students and were 

. . 7 
developed as needed in the biological activity. 

Within the past decade, extensive curriculum develop-

ment has taken place in both mathematics and science. Some 

of the curriculum projects have been national in scope while 

others were confined to the local level. Cain and Lee noted 

that little or no effort had been made to coordinate content 

and sequence among the different programs in mathematics and 

scie nce. For this reason, they examined the mathematical 

conte nt of recent secondary science programs. An analysis 

7 
Thomas c. Overmire, "Mathematics in High School 

Biology," School Science and Mathematics, LXI (October, 
1961), 540-46. 



was also made of the scientific applications that have been 

included in the traditional and recently devised secondary 

mathematics programs. Specifically, the problem under con-

9 

sideration was whether the newly developed science and 

mathematics curricula improved the correlation between the 

mathematical content and sequence of secondary science 

courses and the content and sequence of secondary mathematics 

courses. 

The materials representative of the new science pro­

grams were from the areas of biology, physics, and chemistry. 

They included materials from the Bio l ogical Sciences Curricu­

lum Study, the Chemical Bond Approach Committee, and the 

Physical Science Study committee. 

The materials representative of the new mathematics 

programs were from several sources. Included were an outline 

of the School Mathematics Study Group materials, the report 

of th e Commission on Mathematics of the College Entrance 

Examination Board, and an out line of materials produced by 

the University of Illinois committee on School Mathematics. 

Cain and Lee analyzed the programs and used the data 

from this analysis to compute "coordination ratios." The 

"coordination ratio " was defined as the ratio of the number 

of positive correlation symbols in any mathematics-science 

program combination to the total number of symbols present 
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in that combination. The positive correlation symbols, "b" 

and 
11

s," referred to situations in which a mathematical con-

cept was taught in the mathematics in some year prior to when 

it is used in the science. The negative correlation symbols, 

Jla JI JI , x, 11 and "q, J • refer respectively to situations in which 

the mathematics concept is taught in the mathematics program 

after it is used in the science course, is not used in a 

science course after it is taught in the mathematics course , 

or if it is not taught in a mathematics course when it is 

Used in a science course. 

From the analysis of the program and the ''coordination 

ratios," Cain and Lee made the following observations: 

1. The large number of positive correlation symbols 

between selected mathematics topics and the BSCS, 

when compared with the number associated with the 

traditional biology program indicated that many 

more mathematical behaviors were needed in the 

new biology program. 

2. The number of mathematical behaviors identified 

as nec essary for t he CBA and the PSSC was approxi­

mately the same as the number identified for the 

"traditional" chemist ry and phys i cs cours,e s . 

3. The large number of "x'' correlation symbols 

identified by the analysis indicate that many 



of the mathematical concepts taught in both 

traditional and modern courses which were 

apparently useful in science courses are not 

used in the science courses. 

4. There are mathematical concepts and processes 

used in science programs which were not taught 

in the mathematics programs. 

5. Much of the content that has been added to the 

modern mathematics programs is not directly 

applicable to the science programs. 

6. There is an increase in the coordination between 

the new programs in mathematics and science as 

compared to the traditional courses in the two 

11 

subject areas. The increase, however, was small. 

It was not the intention of the authors to suggest that 

the mathematics or science courses should be built to meet 

the needs of the other. The suggestion is advanced, however, 

that improved coordination between the subjects should be 

included as an objective if neither of the subjects is 

Weakened individually. 8 

8
Ralph W. Cain and Eugene c. Lee, "An Analysis of the 

Relationship Between Science and Mathematics at the Secondary 
School Level," School Science and Mathematics, LXV (December, 
1965), 705-13. 



If the r e sults of the study by Cain and Lee are 

indica tive o f the p r e s e nt relationship between mathematics 

and sci e nce as now taught in our secondary schools, it 

b e come s que stionable wh e ther any conscious effort has been 

made to e ffe ct a coordination between the two subjec ts. 

In 1912, Joseph Collins criticiz ed the lack of sig-

nific a nt ch a ng e in th e t e aching of mathematics and science 

with r egard to relating the subj e cts. An advocate of the 

Perry Moveme nt, Collins wrote that the re had been a great 

. 9 
d eal of talk but very little action. 

12 

In the succeeding half c e ntury changes have occurred 

within the i ndiv idual discipline s rather than between them. 

The r e has b een a continuing interest in teaching the two 

subj e ct s b y some r e lated me thods. 

Type s of Programs Used for Relating 
Mathematics and Science 

The type s of programs most often considered in re l at-

ing ma the matics and scie nce are the integrated and correlated 

programs. Each o f the two t ypes of programs possess specific 

advantage s a nd disadvantages. 

An inte g r ate d curriculum is, by its nature, a very 

9 
Joseph V. Co llins , "The Pe rry Ide a in the Mathemati-

c a l Curr iculum,n S chool Scie nce a nd Ma the matics, XII (April, 
1 9 1 2 ), 296. 



13 

ambitious under taking. In some cases the program is not 

restricted to integrating only mathematics and science, but 

may include other subjects as well. Even with a restriction 

to mathematics and science, the integrated curriculum is 

very difficult to implement, particularly at the secondary 

school level. This is due to the difficulty of finding 

teachers who have sufficient background to teach elements 

of both subjects. 

In spite of the difficulties of implementing an inte -

grat ed curriculum, the potential advantages have attracted 

curriculum workers. One of the primary arguments advanced 

for integration is that this type of teaching prepares stu-

dents to adjust themselves to life situations. Charlesworth 

stressed this consideration, stating that, at the time of 

his writing, students were leaving high school and college 

poorly equipped to meet life situations in a rapidly changing 

world. Charlesworth wrote his article in 1935. Since that 

time t he rate of change that was of so much concern has 

increased many- fold and the level of complexity of the life 

of the average citizen has also increased. It is not unrea-

sonab l e to assume that these changes would have heightened 

Charlesworth's enthusiasm for the integrated curriculum. 10 

10 
H. W. Charlesworth, )!Mathematics in the Integrated 

Curriculum," School Science and Mathematics, XXXV (June, 
1935), 622 - 26. 
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Josephs and Brown defined other advantages for the 

integration of mathematics and science in the same year. 

They expect ed an improvement in teaching efficiency due to 

the more sympathetic attitude of all of the involved teachers 

toward problems in both fields. They also hypothesized that 

integration would bring about a saving in the pupils' time 

and efforts and a broader outlook by the students of both 

. ld 11 fie s . 

A number of wri t ers at this time seemed to look upon 

the integrated curriculum as a panacea for many of education's 

ills. They were l avish in their praise of this approach 

a lthough no objective proof was offered to show that the 

integrated approach was better than the traditional approach. 

In his writing Charlesworth had had no doubt that 

integrated c ourses wou ld become the rule rather than the 

exception in years to come. At this time, however, very 

few successful integrated courses have been reported. Of 

t h ose reported, a lack of objective evidence is still a 

problem. 

One study which made an attempt to report objective 

findings was done by Frank H. Gorman. Although the study 

11 
Roswel l c. Josephs and F. Martin Brown, "Exper iment 

in Junior High Mathematics and the Sciences, " Progressive 
Educ ation, VII (February, 1930), 16-18. 

I • 
r, 

r ) 
I ' I 
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has technical weaknesses in pupil selection and the defini­

tion of the teacher variab le, an appraisal was made of its 

limitations and an interpretation made of the results based 

on the limitations. 

The purpose of Gorman's study was to compare the 

effectiveness of an integrated plan of teaching seventh and 

eighth grade science and mathematics with the traditional 

p lan of teaching them separately. 

In grade eight, forty-four pupils were divided into 

two matched groups. The experimental group, which was taught 

by the author, received the integrated program. Control 

groups were taught by another instructor who presented the 

"s ame" science and ma thematics content independently of each 

oth er. 

Gorman found no significant differences between the 

l eve ls of achievement of the two groups. He did make two 

other observations which are of interest. The results seemed 

to indicate that five periods a week, each of one hour dura­

tion, were possib l y sufficient for normal progress in seventh 

and eighth grade science and mathematics under conditions 

simi l ar to those present in the study. This opinion was 

based on the fact that the exper imental group had averaged 

approximately a year's growth in mathematics and had com­

p l eted a ll of the science units. Although the statement was 
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made with a number of qualifications, it is interesting to 

consider that the author is stating that five periods may 

suffice to teach essentially the same material that is now 

taught in ten periods. Secondly, the author stated that it 

appeared possible to integrate the topics usually included 

in seventh and eighth grade science with the topics included 

in mathematics offered during the same two years. He based 

this conjecture upon his experience in integrating these 

programs during the course of the experiment. The preceding 

observations are in accord with the types of advantages which 

have been predicted for integrated curricula. Further experi-

12 
mentation was indicated by the results. 

Discussion of Studies and Articles 
Relating Mathematics and Science 

The preceding studies and articles are representative 

of the work that has been attempted or considered in relat-

ing mathematics and science. Based on these studies, the 

following observations were made: 

1. Most of the programs attempted were local in 

nature and of very modest proportion. 

12
Frank H. Gorman, "An Experiment in Integrating 

Seventh and Eighth Grade Science and Mathematics, 11 Science 
Education, XXVII (December, 1943), 130-34. 



2. Difficulty was exhibited in evaluating the pro­

grams devised. 

17 

3. Most of the studies attempted were at the secondary 

school level. 

4. Some of the studies examined ways to provide the 

mathematics necessary to complete certain topics 

in science while others used science exercises to 

aid in learning mathematics. 

5. Only the integrated programs sought to improve 

the l earning process in mathematics and science 

by associating each with the other. 

The lack of extensive programs designed to teach mathe­

matics and science as related subjects may be due to a number 

of factors. One of the primary difficulties is the lack of 

teachers equipped to teach elements of both subjects if an 

integrated approach is used. A second problem may arise 

from a reluctance of the t eachers of both disciplines to 

cooperate fully with each other, thus preventing the close 

cooperation necessary to successful correlation. A. third 

factor is the reluctance of curriculum workers or adminis­

trators to implement new or extensive programs without 

ob j ective evidence which proves that the new programs will 

facilitate l earn ing more than a traditional program. 

The problem of finding teachers with the background 
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necessary to teach elements of both subjects in an integrated 

program is particularly acute at the secondary level. This 

is due to the increased complexity of the topics considered. 

In addition, the interdepartmental cooperation necessary to 

implement a correlated program may be lacking at the secondary 

level due to clearly defined departmental structure. It is, 

therefore , sensible to consider the e lementary school as a 

Place where methods of relating mathematics and science can 

be e xplored. The advantages include the predominance of 

s e lf-containe d classrooms in which the same teache r teache s 

both mathematics and science and the relative simplicity of 

the mathematics and science taught at this level. Departmen­

t a l cons i derations are e limi nate d by the s e l f -contained 

classrooms and the topics considered are at a level at which 

it is r easonable to assume that the individual teache r has 

t h e b a ckground n e c e s sary t o t e ach b oth s ubj ects . 

Evaluation o f Le arning Seq uences 

Re g ardless of the l evel f or whi ch a math e mat i c s -

s cie n c e s e qu e nc e is d e signe d , its eff e ct i v e n e s s must b e 

compare d with p rograms already in u se and with other exp e ri­

me nta l programs . The obj e c t i v i ty of t h e me asu reme n t o f t h e 

relative e ffe c t i v e n e ss of the programs is of primary impor­

t ance . 
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In evaluating the results of certain studies already 

mentioned, terms such as "seemed to do better, 11 11 seemed to 

enjoy it more, 11 and ''understood it better II were used to 

indicate that a given program, usually the one in question, 

Was better than the other. such statements are ambiguous in 

their meaning and cannot be accepted without objective 

evidence. 

When evaluating a program, a reasonable approach is 

to consider the objectives of the program and to compare how 

Well the se objectives have been met by the given program as 

compared to other programs with similar objectives. Much of 

the difficulty associated with the acquisition of objective 

evidence about the relative effectiveness of various programs 

can be attributed to poorly define d objectives. Gagne has 

stated that one cannot draw valid conclusions about differ­

ing me thods of instruction unless there i s an experimental 

way of controlling conte nt. Since Gagne defines content as 

descriptions of the expected capabilities of students in 

specified domains of human activity, the need for well-defined 

Obj e ctives b ecomes obvious. 13 

13 
Robert M. Gagne, "Curriculum Re search and the Pro-

motion of Learning," AERA Monograph Ser i e s on Curr iculum 
_g_valuation (Chicago : Rand-McNally and Company, 1967), p. 36 . 
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If the objectives are defined in vague terms such as 

"the student has a knowledge of, 1
' "the student understands, " 

or "the student appreciates, 11 then determining whether these 

objectives have been met is extremely difficult. Knowing, 

understanding, and appreciating are global words used to 

describe many behaviors. In this sense they are ambiguous. 

This problem would be e liminated if each objective is defined 

in terms of an observable behavior. An evaluation can then 

be made of the various programs under consideration by test­

ing the effectiveness with which these behaviors have been 

acquired. 

Construction of learning hierarchies. Using a behav­

ioral approach necessitates the identification of a substan­

tial number of ob j ective s which must be ordered in a logical 

manner. Gagne has suggested that the behaviors be structured 

in a hierarchy in which the objectives are defined as 

behaviors and placed at the top of the hierarchy. Tasks 

that the learner must be able to do prior to completing the 

final task are identified. They are placed below the final 

task in the hierarchy. Tasks which are judged to be approxi­

mately equal in complexity are placed at the same level of 

the hierarchy. The lowes t level of the hierarchy contains 

only thos e behaviors that the learner is assumed to have 

acquired prior to the construction of the hierarchy. 



Construction of a hierarchy of supporting behaviors 

necessary for completion of a final task is done by a task 

analysis procedure. The procedure is begun by asking the 

question, "What would an individual have to be able to do 
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in order to achieve this behavior, assuming he were given 

only instructions?" This question will suggest one or more 

subordinate behaviors that must be acquired. By asking the 

question successively, the various levels of behavior can be 

identified until a level is reached where it can safely be 

assumed that the learner has acquired the behaviors prior to 

the instructional sequence. As the analysis procedure pro-

ceeds, behaviors are defined that are increasingly simple 

and increasingly general in nature in the sense that they 

are potentially able to support greater numbers of higher 

level behaviors or "learning sets." 

Gagne and Paradise used the task analysis procedure 

d e scribed above to construct a hierarchy based on the final 

task "solving linear algebraic equations." They defined a 

hie rarchy of twenty-two learning sets or tasks and three 

additional basic tasks which were placed at the lowest level 

of the hierarchy. One of the hypotheses of this study was 

that the ability to perform a final task defined in the 

study was d e p e nde nt upon the succe ssful comple tion of the 

rele vant subordinate learning sets or behaviors in the 
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hierarchy. Theoretically, each of the subordinate tasks has 

the function of mediating positive transfer to higher level 

learning sets throughout the hierarchy. 

Validation of learning hierarchies. The prediction of 

high positive transfer from a given learning set to one at a 

higher level was tested by noting the pattern of pass and 

fail Which was obtained between lower and higher adjacent 

sets throughout the hierarchy. If a given task has two or 

more learning sets subordinate to it, then the theory requires 

that all of the subordinate learning sets be passed before 

completion of the given task is possible. 

The four possible empirical relationships for passing 

a nd failing relevant higher-lower learning set combinations 

and the ir implications are: 

1. (Higher+, Lower+). This indicates successful 
accomplishment of a relevant subordinate task 
and positive transfer to an adjacent higher 
learning set. 

2. (Higher-, Lower-) . This indicates failure to 
perform subordinate tasks and failure to perform 
an adjacent higher task. 

3. (Higher+, Lower-). This indicates successful 
completion of a higher level task after failure 
on the relevant subordinate tasks. 

4. (Higher - , Lower +) . This indicates inability to 
perform a higher level task after completion of 
all relevant subordinate tasks. 

The s e four relationships will be expressed symbolically 



as (+,+), (-, -) , (+, -) , (-,+). Of the four relationships, 

only (+,-), which indicates success in a given task after 

failure in subordinate relevant behaviors, contradicts the 

theory. The ratio of pass-fail patterns which support the 

theory is obtained by dividing the number of instances 

consistent with the hypothesis of positive transfer, 

[(+,+), (-,-)] by the total testable instances, that is, 

[(+,+), (-,-), (+,-)]. 
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The theoretical prediction for each ratio computed by 

the preceding formula for each pass-fail relationship is 

1.00. 

This theory was tested as part of an experiment con­

ducted with four seventh grade mathematics classes. A total 

of 118 stude nts c ompleted the eleven-day program which con­

sisted of one day of pretesting, eight days of programmed 

learning and two additional days of testing at the end. On 

the last day, questions on the test referred to each of the 

tasks listed in the hierarchy. 

The experimenter conducted each of the sessions 

although the classroom teacher remained in the room during 

the p e riod and gave students work to do on another topic 

after they had completed each day's work. 

On the basis of the test administered, the ratio of 

Pass-fail patterns was calculated and no ratio was found to 
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be less than 0.91. Since the theoretical prediction was 

l.OO and the values were well above the level of chance and 

close to 1.00, this result was considered evidence of posi­

tive transfer. 

In addition to the strong support for positive trans­

fer, a second observation was made by the authors; testing 

the acquisition of behaviors by an individual by his ability 

to complete specific tasks in the hierarchy makes it possible 

to assess in a relatively exact fashion what the individual 

has learned or has not learned from a learning program. This 

ability is of great value in helping to diagnose student 

d . . 14 
lfficulties. 

In a subsequent study conducted by Gagne, Mayor, 

Garstens, and Paradise, the theory that positive transfer 

takes place between subordinate relevant tasks in a hier­

archy and a given task was again examined. The subject 

matter in this study was based on addition of integers as 

taught in Book Seven of the University of Maryland Mathema­

tics Project texts. Additionally, the study was designed to 

test the effect of variance in repetition of the learning 

tasks and variance in the integration guidance given. The 

14 
Robert M. Gagne and Noel E. Paradise, "Abilities 

and Learning Sets in Knowledge Acquisition," Psychological 
:!':!9nographs, LXXVII (1961), 23 pp. 



25 

integration guidance was the aid given to a student in the 

process of attempting a given task after all subordinate 

tasks had been completed. 

A learning program of 126 frames was developed from a 

chapter outline in the text and a hierarchy of twelve learn­

ing sets was derived from the same source. The learning 

Program was then revised in four specific ways to provide 

high and low amounts of repetition and guidance. The four 

resulting forms were: Low Repetition, Low Guidance; Low 

Repetition, High Guidance; High Repetition, Low Guidance; 

and High Repetition, High Guidance. 

Three posttests were given to test learning set 

achievement, performance, and transfer. 

The subjects included 136 seventh grade pupils in 

four classes. Grouping in the classes was heterogeneous. 

Each class was divided into a high and low ability group 

and within each of the half classes, students were assigned 

randomly to one of the four treatments. 

Each subject received a booklet coded to the particu­

lar e xperimental condition to which he was assigned and was 

always given the same booklet. Students used these booklets 

over a four-day period. On the next three days the tests 

Were administered. 

As in the previous study, ratios of positive transfer 
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Were computed and, since no ratio was less than 0.97 compared 

to the theoretical prediction of 1.00, it was concluded that 

Positive transfer had taken place. 

It was found that the experimental variables intro­

duced had no significant effects when tested singly. It was 

found, however, that the students taking the high repetition, 

hi·gh ·ct gui ance program did significantly better than those 

students who took the low repetition, low guidance program. 15 

In a third study conducted by Gagne in conjunction 

With the staff of the University of Maryland Mathematics 

Project, further support was found for the theory that 

Positive transfer occurs between subordinate related tasks 

a nd a given t ask. 

A learning sequence dealing with certain topics in 

non-metric geometry was developed which was based on a 

lear · ning hierarchy consisting of the final tasks and nine-

teen subordinate items arranged in six levels of complexity. 

As in the previous study, the authors wished to show 

that the attainment of any given learning set in the hierarchy 

Was dependent upon positive transfer from subordinate related 

behaviors. The two variants in this study were the examples 

15 
Robert M. Gagne, John R. Mayor, Helen Garstens, and 

N"o e 1 E. Paradise ''Factors in Acquiring Knowledge of a Mathe-m . ' 
atical Task," Psychological Monographs, LXXV (1962), 21 pp. 
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used to provide repetition of each subordinate task and t he 

amount of time elapsing between the attainment of one task 

and the next. 

Five experimental learning sequences were constructed 

using the hierarchy as a model. Program El had a minimal 

variety in its problem example; Program E2, an intermediate 

variety of problem examples; and Program E3 had a maximal 

var i e ty. Program EO contained no problem examples except 

for an initial one required in the completion of each subor-

dinate task. Program EA was the same as EO, but had sets of 

arithmetic problems inserted so that the program would take 

the same amount of time. 

A total of 116 students in four sixth grades partici-

pated in the study. They were randomly assigned to one of 

the five groups. Four of the programs lasted for eleven 

days. The fifth, EO, was started three days after the other 

programs since it ran for a total of eight days. 

Two performance tests were administered on the two 

days following the learning sequence. The test given on the 

first day consisted of a variety of examples which represented 

performances associated with the final tasks. The second test 

tested the acquisition of behaviors subordinate to the final 

tasks. 

An examination of the results showed that the variants 
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had no significant e ffect on learning. As in the previous 

stud i es , s t rong evide nce of positive transfer from relevant 

s ubordinate learning sets to higher level sets was exhibited. 

The r ange in ratios of positive transfer was from 0.95 to 

1. 00 . 

Although the variants of task example variety and 

e l apse d time b e tween task learning revealed no significant 

d i f fere nces , it was thought worthwhile to extend the original 

study by me asuring the retention of knowledge in these same 

16 
s tude nts afte r a time lapse in excess of two months. 

Nine weeks after the comple tion of the preceding 

study , r e tention tests were administered to eighty of the 

students who participated in the or i ginal study. Other stu-

d ents were e limi n a t e d due to abse nce s and othe r factors. 

Two days wer e us e d to administer the tests. On the first 

d ay , the stude nts wer e given an achievement t e st identical 

to that g i ven i mmedi a t e l y f ollowing the l earning s e que nce. 

Meas ureme nt was mad e not only of retention of the final task, 

but a l so of the s ub ordinat e l e arning sets . Ret e ntio n of the 

s ubordinat e b eh avi ors wa s tested on the s e c ond d ay . 

The ret e ntio n of ability to do the final task was 

16 Rob ert M. Gagne , e t al., "S ome Factors i n Learning 
Non-Metric Geome t r y" (unpublis h ed University of Mary land 
Ma the mat ics Pro j e ct, 1963 ), 11 pp . 
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extremely high for all treatments other than El. The authors 

implied from this that the type of material included in the 

learning program, when learned by means of a carefully con­

structed instructional program, is highly resistant to 

forgetting. 

Loss of ability to perform the subordinate learning 

sets, however, was also in evidence. The results left the 

authors to conclude that, although the subordinate learning 

sets are of great importance to initial achievement of the 

final task, their importance decreases after the final task 

is achieved. In general, the pattern of forgetting subordi­

nate learning sets was found to be irregular when compared 

With the patterns exhibited immediately after l earning had 

taken place. 

Although the forgetting of the subordinate task was 

not considered important by the authors in relation to the 

acquisition of the final task, it was stated that these 

subordinate behaviors would have to be relearned prior to 

Us ing them as subordinate tasks for a new task. If this is 

not done, then, as evidenced by the prior studies, learning 

C 17 annot occur. 

17
Robert M. Gagne and Otto C. Bassler, ustudy of 

Retention of Some Topics of Elementary Non-Metric Geometry," 
~ of Educational Psychology, LIV (June , 1963), 121-31. 



Summary of observations on use of learning hier-

archies. On the basis of the investigations conducted by 

Gagne and his associates, the following observations can 

be made: 
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1. Strong evidence supports the notion that achieve­

ment of each task in a hierarchy is dependent 

upon prior mastery of relevant subordinate 

learning sets. 

2. A skillfully devised hierarchy is quite helpful 

in the construction of a logical learning sequence. 

3. Evaluation of learning can be efficiently completed 

through the use of objectives which are stated in 

behavioral terms. 

4. The use of behavioral hierarchies in identifying 

learning difficulties can be an effective tech­

nique in the learning process. 

5. Final tasks which are learned by means of a 

learning sequence based on a hierarchy are highly 

resistant to forgetting. 

The advantages of using behavioral hierarchies and 

behavioral objectives have received increasing attention from 

curriculum workers. The most ambitious project to date which 

has made a total commitment to the behavioral position is 
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th
at of the American Association for the Advancement of 

Science Commission on Science Education. The Commission's 

Science . 
proJect, Science--A Process Approach, has been under-

taken With the focus on the creation of materials which 

assist the learner in the acquisition of a particular col­

lection of behaviors rather than a particular body of content. 

The · 
instruction in the primary grades emphasizes the develop-

ment f . 0 skills which are basic to further learning. Skills 

includ d e are Observing, Recognizing and Using Number Rela-

tion s , Me asuring, Recognizing and Using Space/Time Relations, 

Classifying, Communicating, Inferring, and Predicting. 

These skills are refined and reinforced by the exer­

cises designed for the intermediate grades. The e xercises 

are :m 
ore comple x , more compre h e nsive, and more ne arly like 

th
e activities engaged in by scientists. Included in the 

act· 
ivities are formulating hypotheses, making operational 

definitions, c ontr olling v a riable s, experi menting, formulat­

ing :models, and interpreting data. Based on a hierarchy of 

behav· iors, the instructional ma terials are arranged a s an 

0rd
er l y progre ssion o f l e arning exp e ri e nce s, with a ll 

Ob. 
Jectives clearly spe cified. Appraisal activities accompany 

each of the learning e xperiences. One of the stronge st 

f e atures of the program is the emphasis on appraisal of the 

st
udents' e ffici e ncy in acquiring the behaviors that are 



stated as objectives. By these means, constant evaluation 

can be made of the learning sequences. 18 
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Use of action words in defining objectives behavior­

ally. Walbesser has stated that the existence of each 

curriculum project is dependent upon being able to demonstrate 

that it accomplishes something. It is not important whether 

the accomplishment is content assimilation or performance 

acquisition, but rather the recognition and acceptance of 

the Principle that every curriculum project has the honest 

and inescapable obligation to supply objective evidence of 

accomplishment. 19 

In order to evaluate a learning program as efficiently 

as Possible, it is necessary to eliminate sources of ambi­

guity. It is obvious that goals such as "showing apprecia­

tion, " or "increasing understanding" are unacceptable from 

this standpoint. Even if the objectives are defined behav­

iorally, their meaning may sti l l be unclear unless precise 

definitions are made of the verbs used in stating the 

objectives. It is also advantageous to limit the number 

18 d . . A p Commission on Science E ucation, Science--_ rocess 
A~ach (third experimental edition; Washington: American 
Association for the Advancement of Science, 1965), Parts 1-7 . 

19 
b Henry H. Walbesser, "Science Curriculum Evaluation: 

O s e rvations on a Position," The Science Teacher, XXXIII 
(February, 1966), 34-39. 
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of classifications of behavior which must be examined. As 

the number of classifications of behavior that are used 

increases, the chances of ambiguity correspondingly increase 

since additional definitions must be made. 

Some examples of basic verbs or "action words," which 

are as unambiguous as possible and which may be used to 

describe most of the behaviors encountered in any mathe­

matics or science learning sequence are: 

l. Identify, recognize, and distinguish which mean 

point to, choose, or pick out. 

2. Name or state which implies that a verbal state-

3. 

4. 

5. 

ment is needed. 

Describe which implies a verbal statement. 

Order, or place in sequence. 

Construct, print, or draw. 

6. Demonstrate. 

Construction of assessment items. Behavioral objec­

tives stated in terms of the action verbs can, therefore, 

make contributions not only in the construction of learning 

sequences, but also in the efficient evaluation of these 

sequences. In order to carry out this evaluation, performance 

assessments, or competency measures as they are called by the 

AAAs Commission on Science Education, must meet the following 

criteria: 



1. At least one task should be constructed to 

evaluate each behavior in the hierarchy. 

2. Tasks should be designed to elicit behaviors 

of the sort described in the objectives. 

3. The description accompanying each task should 

tell the instructor what to do. 
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4. Acceptable performance should be clearly described 

so that a correct judgment can be made concerning 

th f . b h . 20 e presence or absence o a given e avior. 

The preceding review has dealt with two major areas 

of concentration. One part of the review considered studies 

in Which mathematics and science are related in one of a 

Va . 
riety of ways in a learning sequence. The other area 

concerned the use of behavioral objectives and behavioral 

hierarchies in the construction and evaluation of learning 

sequences. 

The Kolb Study. One study has been completed which 

encompasses elements of both of the areas of concentration 

Previously mentioned. This study by Kolb was conducted at 

the fifth grade level. The purpose of the investigation was 

to determine experimentally if an instructional sequence in 

mathematics based upon a hierarchy of mathematical tasks 

20 
Walbesser, Q£• cit., p. 37. 
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assumed necessary for quantitative science behaviors would 

facilitate the acquisition of the quantitative science 

behaviors more than an instructional sequence in mathematics 

not directly related to the science behaviors. 

Using the exercises from Science--A Process Approach 

as a pattern, two · · d · d science exercises were evise. Among the 

ob · 
Jectives stated were three quantitative tasks. 

By means of the task analysis procedure previously 

des ·b cried, a hierarchy was constructed which included three 

final tasks and twenty- six relevant subordinate mathematical 

tasks. This hierarchy was used as a guide for developing 

the · 
instructional sequence in mathematics which was related 

to the science exercises. 

Two tests were constructed. Measure I was designed 

to test the acquisition of each of the twenty-six items in 

the mathematics hierarchy and Measure II assessed the 

acquisition of the behaviors stated as objectives in the 

two · science exercises. These two tests were used both as 

Pretests and posttests. 

The time allotment consisted of a two-day testing 

Period prior to the learning sequence, a fourteen-day 

lear . . ning sequence in mathematics, one day to administer 

Measure I, a six-day instruction period in science followed 

by the administration of Measure II. 
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Subjects for the experiment were 275 pupils enrolled 

in eight fifth grade classes. Students within each class 

were randomly assigned to one of two treatments. During the 

learning sequence, those students assigned to treatment A 

were taught the mathematics that occurred in their books at 

the time. The students in treatment B, however, were taught 

the l earning sequence that was based on the mathematics 

hierarchy. The f i nal tasks included in the hierarchy were 

considered necessary for the quantitative science behaviors . 

Each teacher taught both of the treatments within her class 

by meeting with each group on alternate days. 

On the basis of the tests administered, Kolb found 

no significant differences existed between the two groups 

on the pretests. Significant differences in favor of group 

Bat the 0.01 level of confidence were found on the posttests. 

Kolb concluded that the instructional sequence in 

mathematics related to the science exerc ises facilitated 

the acquisition of the quantitative science behaviors for 

the experimental materials and population used in the study. 

As in previous studies involving learning hierarchies, 

a ratio of positive transfer between relevant lower level 

tasks and a higher level task was computed using the pre­

viously mentione d formula. For this study, it was arbi­

trarily d e cided that the se ratios should attain or exceed 
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a value of 0.90 in order to conclude that the hierarchy was 

valid . Seven of the ratios failed to attain a value of 0.90 

with one ratio as low as 0.38. The validity of the hierarchy 

was r e jected. 

In spite of the problem involving validation of the 

hierarchy, it was found that those students who received 

mathematics instruction based on the hierarchy did signifi­

cantly better on the s cie nce posttest. Kolb, therefore , 

took th e position that the task analysis procedure used to 

define the h ierarchy should not be classified as inadequate. 

Instead, h e pointed out that a behavioral hierarchy is 

d e rive d by a n a priori procedure. This procedure requires 

the experimenter to be guided by knowledge of the tasks under 

consideration and past experience with hierarchy constr uction. 

A prob l em c a n occur, however , if the experimenter fails to 

effectiv e ly ident ify and properly order all of the r elevant 

subordinate tasks du e to i nexperie nce . This could produce 

a hierarchy in which certain higher l eve l performances wou l d 

be moderate l y d e p e nde nt or independe nt of the supposedly 

re l e vant lowe r l e v e l p er formances. Th e invalid hierarchy 

could, therefore , be the result of i neffect ive utilizat ion 

21 
of the task analysis procedure. 

21John R. Kol b , "The contributions of an Instructional 
Se que nce in Math ematics Re l ated to Quantitative Science 
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One of the primary considerations of any study which 

deals with behaviors structured in a hierarchy must be the 

validation of that hierarchy. Of the studies e x amined, only 

one aspect of the hierarchy val idation has been considered, 

namely, the ratio of positive transfer between lower rele­

vant tasks and a higher level task. This ratio has been pre­

viously describe d by Gagne as being the number of ins t ances 

Wh. 
lch are consistent with positive transfer [(+,+), (-,-)] 

divided by the total t e stable instances [ (+, +), (-, -) , 

(+,-)] _22 

Walbesser, however, suggests a more rigorous examina­

t· 
ion of hierarchy validation than that previous ly attempted. 

The g reater r i gor extends not only to t h e derivation of the 

rat · 10 , which determines the level of positive transfer from 

lower relevant l e arn i ng sets to higher l eve l b ehaviors , but 

also examines two other considerations not previou s l y treated 

in hierarchy validation. 

In previous studies, the numerator of the ratio which 

Was a measu re of positive transfer con sisted of the sum of 

those two r e lationships in the l earning hier archy which are 

Exercises in Grade Five '' (unpublish ed Doctoral dissertation , 
Dniversity of Mary l and , 1 967), 1 6 0 pp. 

22 ., 
Gagn e and Paradise , loc. cit. 
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consistent with the theory, namely (+,+), (-,-). For this 

reason, the ratio is called the ratio of consistency. 

The Walbesser model for hierarchy validation. Walbesser 

suggests that the numerator of the ratio measuring consistency 

contain only the total instances which support positive trans­

fer, that is, (+,+). While it can be said that (-,-) is 

consistent with the theory , it is certainly not an indication 

of Positive transfer. The inadmissability of the instances 

of (-,-) has the effect of lowering the ratio achieved. If 

the ratio agreed upon as acceptab l e is 0.90, then the number 

Of supportive instances must be greater to attain this level 

than if the ratio could include instances that were merely 

consistent with the theory. 

This increase in the level of rigor applied to the 

examination of the consistency of the hier archy is but the 

first step. consistency is considere d a necessary, but not 

sufficient, condition for a valid hierarchy. Consideration 

must be given to two other factor s not treated previously 

b efore validation is comple ted. One of these factors refers 

to the adequacy of the hierarchy and the other refers to the 

completeness of the hierarchy. 

The adequacy of a hierarchy requires an examination 

of how often the l earner has achieved a higher level l earning 

b eh avior after relevant subordinate b ehaviors have been 



attained . If 
the instruction is adequate, then a learner 

Who has attained the subordinat e behaviors wi l l be ab l e to 

Progress to the higher behavi or. The adequacy ratio is 

de fined as the quotient of the number of (+,+) divided by 

[ (+, + ), ( ) - , + J • The level of acceptability for the rat i o 

is O 9 • 0 . 

High c onsistency a nd a dequacy r at i os are ne c e ssary , 

but 
not sufficie nt conditions for claiming validity for the 

hypothesis of a l e arning hierarchy . This is true because 

high consiste ncy a nd a d e quacy ratios can b e attai n e d which 

inv0 1 
Ve only a small number of the actual subjects tested. 

Th . 
is occur s whe n most of the subjects do not acquire the 

termi n a l b e h avior a nd some o f the subordina te b ehav iors. 

The s e case s will fall into the (-,-) categ ory. The author 

v · 
iews lar g e numbe rs o f case s in the (-,-) cate gory a s e vi-

dence o f i ncomple t e ins truction. The comp l e t e n e s s ratio 

is d f . ) e ine d a s the q uotie nt o f ( +, + ) divi d e d by [( +, + , ( - , - )] . 
The l eve l of accept ability i s 0. 90. 23 

The p rec eding c onsiderat i ons imp ose o n the bui lde r 

Of t h e h i e rarchy specific respons ibilities . One respon s i­

b i l ity i n vo l ves t h e a c c e ssibility of a given step in t h e 

-----
23Henry H. Wa l besser , Sc ience--A Process Approach, An 

~(Va luation Model and I ts Applicat i on: Second Report 
Wa h· -- --

s ington: American Association for t h e Ad van ceme nt of s . 
cie nce , 1968 ), 238 pp . 

40 
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h ' 
ierarchy after relevant subordinate steps have been obtained. 

If many students fail to reach a given higher level upon 

completion of a lower level, it may be attributed to a 

Weakness in instruction or to the need of an intermediate 

st
ep between the higher and lower level learning sets. The 

second responsibility requires that a minimum of instances 

occur where both the subordinate and higher level behaviors 

are not attained since this denotes incomplete instruction. 

Summary of the Literature 

Examination of the literature reveals evidence of a 

continuing interest in the construction of learning sequences 

Which relate mathematics and science. Some of the studies 

explored ways in which the learning of mathematics can be 

aided by the use of scientific applications. Others have 

investigated the possibility that the learning of scientific 

Principles can be aided by relating appropriate mathematics 

to the science. In most of the studies, one of the subjects 

Was usually the beneficiary of the other with the second in 

a subordinate role. The integrated programs, however, tend 

to equate, at least in theory, the emphasis placed on each 

Of the b su jects. 

It is also evident from the studies related to learning 

hierarchies that relevant subordinate learning sets do medi­

ate Positive transfer to higher level behaviors. The 
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hierarchy has also been an effective tool in building learn-

ing sequences and in evaluating the effectiveness of these 

sequences. 

A Research Proposal 

One justification for implementing a new curriculum 

or learning sequence is whether or not it does a more effec­

t· 
ive job than that which it is replacing. The evidence of 

th
e effectiveness of a program should be obtained by the use 

of acceptable research procedures which implies the objec­

tivity of the results. Objective evidence of the relative 

effectiveness of most of the programs reviewed has not been 

Offered. 

As each of the articles and studies promoting the 

relating of mathematics and science is reviewed, one is 

forced to ask whether the program under consideration is 

more effective in aiding the learning process than a second 

st
udy Which relates mathematics and science in a different 

Way or a third which teaches by the traditional unrelated 

meth0d. Unless objective evidence is produced, the question 

cannot be answered. 

It should not be concluded that the only program pro­

Posals which receive attention are those which offer objec-

tive "d . evi ence of their effectiveness. Creative thinkers 
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should b 

e continually encouraged to present proposals which 
Offer l 

a ternatives to the conventional. 

The research on behavioral hierarchies has also pro­
Videct 

a means of making objective comparisons between the 
relativ 

e effectiveness of various programs. 

One promising organization for building learning 

sequences whi·ch 
relate mathematics and science is the inte-

grat d 
e approach. As mentioned previously, a limitation of 

the · 
integrated approach is the academic preparation of the 

teach 
ers responsible for its presentation. As the level of 

complexity of 
the subject matter increases, the number of 

tea h 
c ers With sufficient background to teach the sequence 

Even with this limitation, the integrated 

approach may be a more effective method of teaching mathe­
mat · 

ics anct science as related subjects than the other methods 
cons·a l erect. 

Kolb's study presented evidence that an instructional 

sequence . 
in mathematics based upon a hierarchy of mathemati-

ca1 tasks 
assumed necessary for certain quantitative science 

beha . 
Viors t·t Would facilitate the acquisition of the quan la-

tive . 
science behaviors more than an instructional sequence 

in 
mathematics not directly related to the science behaviors. 

As 
one f 0 his suggestions for further research, Kolb sug-

gested 
the comparison of a learning sequence of the type 
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that he use d i·n hi"s t d . h l 
s u y wit a earning sequence in which 

th
e mathematics and science are fused or correlated. 24 

The 
fo11 · 

owing proposal is such an extension of Kolb's study. 

The purpose of the proposed study is to compare the 

effe t· 
c iveness of two learning sequences in mathematics and 

s . 
cience. 

The first learning sequence is an integrated mathe-
mat· 

lcs and science sequence based on an integrated hierarchy 

Of mathematics and science behaviors. The second learning 

sequen 
c e , designed to promote acquisition and retention of 

the same 
behaviors, presents the mathematical behaviors 

Prior to 
the scientific behaviors with no scientific appli-

cat· 
ions offered during the learning of the mathematical 

b eha . viors. 

The study will investigate two problems: 

1. Will an integrated sequence in mathematics and 

science facilitate the acquisition and retention 

of th e mathematical behaviors more than a non­

integrated sequence? 

2 · Will an integrated sequence in mathematics and 

science facilitate the acquisition and retention 

of the scientific behaviors more than a non-

integrated sequence? 

-------24 
Kolb, 2.£. cit., p. 81. 
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The preceding problems will be investigated by test­

ing the following research hypotheses: 

1. 

2 • 

3 • 

4. 

Increasing the integration of science and mathe­
matics behaviors during instruction increases the 
overall performance of the student in mathematics. 

Increasing the integration of science and mathe­
matics during instruction decreases the rate at 
which the mathematical behaviors are forgotten. 

Increasing the integration of science and mathe­
matics behaviors during instruction increases the 
overall performance of the students in science. 

Increasing the integration of science and mathe­
matics during instruction decreases the rate at 
which the science behaviors are forgotten. 

Summary of the Chapters 

Chapter I provided an introduction to the problem and 

a review of the literature. The design of the experiment 

a
nd treatment of 1 a· d · Ch t II the data wil be 1scusse in aper • 

Included will be a description of the population, sample, 

research h ypotheses, measures, and treatments. In Chapter 

rrr th 
e findings will be recorded. This will include hier-

archy . 
Validation and testing of the hypotheses. Chapter IV 

w· 111 
include the conclusions and suggestions for subsequent 

work. 



CHAPTER II 

THE EXPERIMENT 

The purpose of this experiment is to determine whether 
an · 

integrated mathematics-science learning sequence will 
fa. . 

Cllitate the acquisition and retention of the mathematics 

and s . 
cience behaviors involved better than a learning sequence 

involving th 
e same behaviors in which the mathematics and 

s . 
cience 

are taught separately. 

Experimental Subjects 

Thirty fifth grade classes from ten elementary schools 

in Ba.lt. 
imore County, Maryland participated in the experiment. 

Bait· 
imore County is a county which surrounds Baltimore City 

on th 
ree sides and which e ncompasses urban as well as sub-

Urba. 
n areas. The county school system at the time of the 

expe . 
riment had approximately 100 elementary schools and a 

lota.1 student population of about 105,000 students. 

One thousand twenty-three students began the experi-

rnent. 
Of these, 123 students were not included in the final 

data due to 
absences during the experiment. A total of 900 

students i· n . t 
the thirty classes completed the experimen. 

Although this sample of classes was not a random 



sample, the classes represent all levels of ability within 

th
e county. 'r:he schools involved were located in conununi­

ties representing various economic levels and geographic 

areas. 
The following table identifies the schools that 

Participated by number and indicates the number of classes 

th
at each school had in the experiment. 

TABLE I 

DISTRIBUTION OF CLASSES PARTICIPATING 
IN THE EXPERIMENT 

Number 
of 

School Classes 

I 8 

II 4 

III 3 

IV 2 

V 2 

VI 3 

VII 3 

VIII 1 

IX 2 

X 2 

With three exceptions, the number of classes partici­

Pating in the experiment from each of the schools was the 

total number of fifth grade classes in the school. 

47 
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Participation on the part of the teachers was voluntary and 

several teachers did not wish to participate. Three of the 

teachers who did not participate were new teachers. They 

had been with their classes less than one month when the 

learning sequence started. They did not wish to attempt to 

do the small group activities that were part of the learning 

sequence. Another teacher felt that the time that would have 

been spent on th · · · tl d d f ese activities was more urgen y nee e or 

Work in other areas. 

All of the classes were taught in self-contained 

classrooms and each of the classroom teachers taught all 

of the mathematics and science to her class. 

None of the classes had been participating in any 

experimental mathematics or science program prior to the 

investigation. In addition, none of the topics covered in 

the experimental materials had been taught to any of the 

classes previously. 

Prior to the presentation of the experimental 

sequences, the classes were randomly assigned to one of 

two treatment groups which were designated Treatment A 

and Treatment B. A table showing the number of students 

Who completed the learning sequence in each of the experi­

mental classes is found in Appendix A. 
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Experimental Materials 

The basis for the science exercises contained in the 

experiment was the unit entitled Human Reaction Time which 

is included in the experimental science materials, Science-­

A R.rocess Approach, Part vr. 1 

The following final tasks were chosen for the learning 

sequence: 

1. Demonstrate an experiment in which a stimulus 
is followed by a response with the reaction time 
measured by indirect means. 

2. Construct explanations for reaction time patterns 
pictured on a graph. 

3. Construct graphs involving data accumulated from 
experimentation. 

Mathematical behaviors considered necessary for the 

acquisition of the quantitative science behaviors were 

identified. The scientific tasks associated with the 

acquisition of the final tasks provided scientific appli­

cations of the mathematical behaviors. 

The Integrated Hierarchy 

An integrated hierarchy of mathematics and science 

behaviors was constructed which included those behaviors 

Wh' 
lch Were assumed necessary for completion of the final 

-----1 
Commission on Science Education, 2£· cit., Part 6, 

Pp . 167-75. 
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tasks. The behaviors subordinate to the final tasks were 

identified by successively asking the question, "What would 

a student have to be able to do in order to achieve this 

task?" This procedure was continued until tasks were identi­

fied which were assumed to be simple enough to be completed 

by all of the students involved. This analysis yielded a 

total of twenty-five tasks which were assumed necessary for, 

but subordinate to, the acquisition of the final task. 

The Pilot Study 

Since the validity of the hierarchy is a critical 

factor in the evaluation of the learning sequences under 

consideration, an examination of the consistency, adequacy, 

and completeness of the hierarchy had to be made. Of 

necessity, the hierarchy was constructed by an a priori 

analysis procedure. This presents an immediate problem. 

If the data for the hierarchy validation procedure are 

gathered concurrently with the data for comparing the two 

learning sequences under examination and the hierarchy is 

proved invalid, then the validity of the data comparing the 

two learning sequences is suspect. In order to eliminate 

this source of difficulty, a pilot study was conducted. 

On the basis of the initial hierarchy constructed, 

a ser i es of twelve integrated lessons was devised. One 
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f' 
ifth grade teacher was asked to teach these twelve lessons 

to her class. The teacher was also asked to keep a diary 

during the course of the unit in which comments were made 

on the length of time that each lesson took, sources of 

confusion or ambiguity in the lesson plans, deficiencies 

in the materials of instruction provided, and other general 

remarks on improvements that could be made in the lessons. 

A measuring instrument was also constructed in which 

at least one item was devised to test acquisition of each of 

the b ehaviors found in the hierarchy. The content validity 

of the items was examined by having several volunteers 

Unfamiliar with the assessment items and the hierarchy com­

ponents match the items in the testing instrument to the 

behaviors in the hierarchy. Each of the volunteers had had 

Previous experience in writing behavioral ob j ectives and 

assessment items. A table showing the results of the 

matching is found in Appendix B. 

After data were collected from the pilot study, the 

ratios of consistency, adequacy, and completeness were com­

PUted using the formulas suggested by Walbesser. The mini­

mum acceptable ratio for any measure of consistency, 

d . 2 
a equacy, or comple t e ne ss was establ i sh e d at 0.90. 

----2 
Wa lbesser , Science --A Process Appr oach, p. 234. 

I ,. 

I' 
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IC IB I A 

Demonstrate an experiment Cons truct exp lanations Constr uct graphs 
in which a stimulus i a 
fo llowed by a response 

for r eaction time involving da ta 

patterns pictured accumulated from 

with the reaction time experimen tat ion . 
measured by indirect means. on a graph. 

t I I I 
IIA 

Construct ordered pairs 
of numbers from the 
available data. 

I "' 
IIIC IIIB IIIA I 

Name and identify variables Apply the rule for Construc t g raphs 

in human s ubjects and in finding the average using decimals 

experiment al procedures of ten decimal ntnnber s to the neares t 

that must be contr o lled and demonstrate this hundredth as 

to comp l ete a valid procedure. coordinates. 

experiment. 

I '" ,;,, __JI 
I ·11 I 

IVC IVB 
IVA 

Name and identify a 
statement made prior Name and identify a Name a poin t with an 

to a trial to ensure premature response ordered pair of numbers 

that the subject is as the result of g iven its position on a 

prepared for the trial anticipation. plane and a pair of axes. 

as an a ttention-getting 
procedure. I I I 

vc Vll 
VA 

the rul e for 
Cons truct a point on 

Apply a plane, given axes 
Name and identify f inding the ave rage · and an ordered pair 
a r eact ion time. of ten whole numbers . I naming the point. 

I I 
Y!Q I I VIB 

VIA 
VIC Construct t he origin, 

Name and identify 
Appl y the rule for the horizontal axi s , 

Name and identify dividing a number the vertical ax is and 
a r esponse . a stimu lus. by the ori gin. ten. 

~ 

I I I VIIB 
VIIA 

VIIC 

App l y t he rule for Demonstrate a Name and identify the 

r ounding decimals procedure for vertical and horizontal 

to the nearest adding decimals . axes and t he origin . 

tenth or hundredth. 

I I I VIIIB VIIIA 
VIIIC Construct a correspondence 

Distinguish decimal Order decima ls between the arithmetic 

numbers expressed in expressed in numbers in interval s of 

hundredths from decimal tenths and ten t hs and hundredths and 

numbers expressed in hundreds, po ints on the number line. 

tenths. 

I I I 
I XB 1 I XA 

Name and i dentify Construct a 
decimal numbers number line. 
expressed in 
tenths and hundredths . 

FIGURE 1 

THE INTEGRATED HIERARCHY 



The ratios computed revealed several areas in the 

hierarchy where evidence of positive transfer between a 

given task a nd those behaviors assumed to be subordinate 

to it could not be established. In some cases the ratios 

Obt . 
ained were well below the minimum agreed upon. Based 

Upon these data , the hierarchy was revised to eliminate 

relationships established on the a priori basis which 

showed little evidence of dependence when examined. 
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The twelve lesson plans for the integrated learning 

sequence were revised on the basis of the revisions in the 

hierarchy and the suggestions made by the teacher of the 

Pilot program. 

The pilot program served two purposes. First, it 

made possible the revision of the hierarchy upon which the 

l earning sequ enc es were based. Secondly, it offered an 

0
PP0 rtunity to identify and correct difficulties in the 

l earning materials and general procedures used in the 

lessons. 

On the basis of the hierarchy obtain ed from the pilot 

study, two series of lessons were devised . Each lesson was 

designed to last between fifty and sixty minutes. Each 

l earning sequence containe d twelve l e ssons and was designated 

Treatment A or B. copies of the lesson plans are located in 

Appendices c and D. 

I 
I 

I 
I 
I , 

I 
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Treatment A involved lessons in which the mathematical 

behaviors were taught as they were needed for acquisition of 

th
e quantitative science behaviors. Scientific applications 

Were used in learning the mathematical behaviors. 

All of the mathematical behaviors needed for the 

quantitative science behaviors included in the integrated 

hierarchy are taught in the first five lessons of Treatment 

B. 
As they are taught, however, no applications to the 

quantitative science behaviors are made. 

Lessons nine through twelve of both Treatments A and 

Bare identical. The design of the investigation planned 

th
at differences in learning efficiency between the two 

treatments could be ascribed to the differing methods of 

Presentation encountered in lessons one through eight in 

each treatment provided other confounding variables were 

held constant or randomized. 

Some revision was made of the measuring instrument 

based on the changes made in the hierarchy. At least one 

assessment item was still provided to test acquisit i on of 

each of the tasks in the hierarchy. The same instrument was 

administe red on two different occasions. The only change 

ffia d e was on the cover p age . On the first administration it 

Was entitle d Measure I; on the second, Measure II. The 

first administration occurre d on the day fo llowing the 

,. 
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learning sequence . The second administration occurred nine 

Weeks after the first administration. 

The teachers involved in teaching the learning 

sequences were responsible for the administration of the 

measures. Specific directions were provided for standardiz­

ing the administration of the tests. A copy of the instru­

ment and the directions is found in Appendix E. 

The Procedure 

Before the learning sequence began, the experimenter 

Visited each of the participating schools to meet with the 

teachers involved for the purposes of orientation. At these 

meetings each teacher was given all of the materials neces­

sary to teach the twelve lessons and the set of lesson plans 

designed for the treatment to which the teacher's class was 

assigned. The teachers were told that two types of learning 

sequenc es were being compared , but no mention was made of 

one treatment being favored over another. 

The individual schools or teach ers were required to 

furnish no materials. They were furnished sufficient copies 

Of each of the practice pages written for the lessons in 

th . 
eir treatment. Other apparatus necessary for the student 

experimentation was also provided. 

Since eight days were required to visit the various 
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Schools 
I the orientation sessions were started two weeks 

Prior to the day when instruction was scheduled to begin. 

All teachers were asked t b · th th o egin e sequence on e same 

day and to give each of the achievement measures on the 

same da y. This procedure made it possible to eliminate 
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time between administration of the tests as a factor affect­

ing achievement. It was impossible, however, to control the 

time of day when each lesson was scheduled in each class. 

By randomly assigning classes to one of the treatments, the 

b ' 
las resulting from classes being given at different time s 

Was controlle d. 

Before the learning sequence ended, the achie vement 

me asure s we r e distribute d to all schools so that they could 

be ad . . ministered on the same day. All copies of Measure I 

Were returned to the experimenter immediately following its 

a d · · ministration. 

The second achievement measure was distributed to the 

Schools no more than three days prior to the date selected 

for its administration. They were also r e turne d a s soon a s 

they Were administered. 

Since a numb e r of the asses sme nt items on the me asure s 

required speci a l interpret a t i on, the experimenter e stablishe d 

specific criteria for identifying acceptable responses for 

e ach item. In orde r to l e sse n the pos sibility o f 

I 
J, 

1· 
I 



inconsistency in the grading of the achievement measures, 

th
e experimenter graded all of the measures personally. 

Consideration of the Data 

57 

Researchers in education may consider several alterna­

tives when deciding on the method which will be employed to 

compare the effectiveness of the learning sequences. 

One of the alternatives involves an analysis of the 

data obtained from a posttest which is administered immedi­

ately after completion of the learning sequences. Usually 

accompanied by a pretest, this approach gives the r esearcher 

an opportunity to measure the learning gains which have taken 

Place as a result of the learning sequences. 

While the results obtained from the pre c eding design 

are of interest, they offer no clues to the effect of the 

lear · ning sequence on the retention over time of the behaviors 

acquired. It can b e argued that the number of behaviors 

retained over a period of time is of greater interest than 

the number acquired initially. For this reason, a design 

must b e d e vised which can test the effects of the l earning 

sequence on retention as well as the general effect of the 

treatments. 

To test retention over time, a design is often used 

Which employs an immediate posttest following the learning 

I 
J. 
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sequence and one or more additional posttests administered 

at selected intervals thereafter. Usually, only one addi­

tional posttest is administered due to various difficulties 

encountered in performing further administrations. When the 

learning task is not present in the behavioral repertoire of 

the subJ. ects, 1· t · d · · t t t is not necessary to a minis er a pre es . 

Types of errors in measurement. The effect of the 

treatments in facilitating acquisition and retention of the 

behaviors associated with the learning sequences are made on 

th
e basis of the class means achieved on the criterion 

measures. Not all of the differences in the mean scores, 

however, can be attributed to the treatment effects. The 

d' 
lfferences are, in part, due to errors or extraneous fac-

tors. · · db The errors are of three types as identifie y 

Lindquist.
3 

The errors are associated with subjects, treat-

me nt groups, and 1· t· rep ica ions. 

"Type S 11 errors are associated with the subjects. If 

sub j ects are randomly assigned to a treatment, that part of 

th
e obse rve d t reatment effect which is due sole ly to the 

as · 
signment of subj e cts to treatment groups is a 11 Type S" 

e rror. 

----3 
Eve ret F. Lindquist, Desiqn and Analysis of Experi-

~ in Psychology and Education (Boston: Houghton-Mifflin 
Compa n-y, 19 ) 11 5 3 I PP• 8- • 
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Even in the absence of ''Type S '' errors or differences 

int 
reatment effects, any single replication of the experi-

ment may exhibit substantial differences between the 

er· 
lterion means. These differences may result from factors 

Which affect a gi·ven treatment group, but have no effect on 

0th
er groups. These "Type G" errors, as they are called by 

Lind · 
quist, include such factors as difference in teaching 

ability, the time of day when instruction is given, or a 

recalcitrant student in the class. 

Any variations in treatment effects from replication 

to replication which are due neither to Type S errors nor 

'l'ype G 
errors, but are, instead, genuinely characteristic 

of the i· ndi'vi·dual 1 t· 11 d replications or sub-popu a ions are ca e 

"'l'ype R" errors. 

In order to control these errors, a randomization 

Procedure is used. By randomly assigning the classes 

inv-01 d 
Ve to a given treatment, any systematic bias favoring 

a. . 
given treatment due to a 11 Type S " error is eliminated. 

'I'he "T 
YPe G" errors are elimin ated by randomizing or con-

trolling factors such as differences in the method of adminis­

ter· 
ing the tests, ability of the teacher, and time of day 

when th 
e class is given. A careful examination of all pro-

cedures associated with the experiment should be made so 

that as 'd d many sources of ''Type G' ' errors are consi ere as 
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Possible. 

According to Lindquist, factors that arise during 

a.n experiment which cannot be recognized are usually acci­

denta.1 and 
Without bias. The "Type R1

' errors, characteristic 
Of · 

1.ndividua1 replications, 

select · 
ion of replications. 

can be controlled by a random 

Measurin~ retention effects. Care must be taken in 

choosing 
the proper me thod of treating the data gathered 

f:torn the 
P 0 sttests. Wodtke discussed several considerations 

that 
should be made in testing the effects of different 

in
st

ructiona 1 tre atments on r e t e ntion. 4 

Wodtke proposed that the retention effects of the 

t:rea.trnents t 
o be asse ssed b y an e x amination of the "rate of 

forg e tt. 
ing." This rate was indicate d by curves which could 

be 
constructed on the basis of the means computed from the 

Postte st
s administered. By limiting this discussion to the 

cons iderat· 
ion of a s ituation involving only two posttests, 

the cur 
Ve s constructed would be represented as simple line 

The graphs of three hypothe tica l situa tions t h a t 

could arise under the preceding restrictions are shown in 

--------4 
.8ffe Kenne th H. Wodtke, 11 0n the Asse ssment of Retention 
me cts in Educational Experime nts," The Journal of Ex peri­
~ gduca tion, xxx:v (Summe r, 1967)~8~36. 
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FIGURE 2 

A GRAPHIC COMPARISON OF DIFFERENT 
RATES OF FORGETTING 

Situation II 

I II 

POSTTESTS 

The first graph illustrates a situation in which no 
s . . 
lgni f icant difference is detected between the two treatments 

as m 
easured by the me ans of the immediate posttest. On the 

d e laye d postte st, howe ve r, the me an o f Tre atme nt 2 is sig­

nificantly higher than the mean of Treatment 1. In this case, 

it . 
ls Possible to conclude that Tre atment 2 is more effective 

tha n T 
r eatme nt l in facilitating r e t e nt i on over time. 

61 
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The effect of the treatments on retention is more 

difficult to assess in Situation II. This is caused by the 

fact that 
the mean score indicated for Treatment l is sig-

nificantly h 
igher than the mean score of Treatment 2. If a 

judgment f 0 the retention effect were made solely on the 

basis of 
the scores on the delayed posttest, it would be 

concluded that Treatme nt l · h is more effectiv e tan Treatment 

2 inf . 
acilitating retention over time. An examination of 

th
e curves, however, reveals that, although Treatment l 

f acilita t es 
more initia l l e arning than Treatme nt 2, the 

effect 
s of the treatments on retention are the same. This 

is sh 
own by the parallel curves which are indicative of the 

rate f 0 f orgett i ng. The refore, it cannot b e said that 

treatment 
one is superior to treatment two in facilitating 

rete nt· 
ion inde p e nde nt o f its e ffe ct on l e a r ning. 

S i tua tio n III illustrates a significant difference 

betw 
een Treatments land 2 on the immediate posttest. Treat-

me nt 1 · 
ls significantly higher in facilitating l e arning than 

1 r e atme nt 2 . On t he d e layed postte st, no signi f icant di£ -

fere nce is found i n the me ans associated with the two tre at­

me nts . 
I f t h e e ffect of t h e t reatme n ts on ret e nt i on were 

b a s e a o n the me ans o f the delayed p o sttest, no significant 

a· 
iffere n c es would b e found. The existe nce of a s ignifi cant 

a· 
iffe r e n c e b e tween the me a n s on t h e i mmediate posttest a nd 



an abs 
ence of a significant difference on the means of the 

delayed 
posttest indicates that differential retention 

effects exist. 
The results of Situation III suggest that 

'I'reatment 2 results in relatively less forgetting than 

'I'reatment l 1 
a though it also results in less initial learn-

ing. 

Two factor analysis of variance. One of the methods 

suggested by Wodtke to be used in analyzing retention data 

is a 5 
repeated measures analysis. This analysis explores 
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tw0 
aspects of the tre atment effects. It considers the over-

all effects of the experimental treatments and also tests 

diff 
erences in the slopes of the forgetting curves obtained 

from 
successive posttest measures. 

The purpose of the analysis is to test the following 

resear h c hypotheses: 

1. Increasing the integration of science and mathe­
matics behaviors during instruction increases the 
overall performance of the student in mathematics. 

2 - Increasing the integration of science and mathe ­
matics during instruction decreases the rate at 
which the mathematical behaviors are forgotten. 

3. Increasing the integration of science and mathe­
matics behaviors during instruction increases the 
overall performance of the student in science. 

4. Increasing the integration of science and 

-----5 
Wodtke , 2£· cit., p. 30. 



mathematics during instruction decreases the 
rate at which the science behaviors are 
forgotten. 

The analysis of variance procedure used to test the 

stati t· s ical hypotheses considered is based upon the pro-
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cedure described by Winer for a two-factor experiment with 

repeated measures. 6 Factor I consists of the two treatment 

comparisons . Factor II, the repeated measures factor, would 

con · 
sist of two measures of retention over time. A statisti-

cally significant overall main effect would indicate that 

on . 
e instructional treatment was generally superior to the 

0th
er and a test of the difference in the slopes would be 

made to determine differences in rate of forgetting. 

The l ayout for the study is shown in Figure 3. 

The datum entered into a particular slot (see X) would 

be the mean score for the children who received Treatment A 

from Teacher 2 on Test 1. 

The linear model upon which the analysis is based has 

the followi ng form: 

+ /3. 
J 

where: 

X. 
Jkm 

· h · th · the k 
th 

is the score found i nt e th test, in 
treatment group with them teacher. 

----
D 

6
B. J. Winer, Statistical Principles in Experimental 

es · 
~ (New York: McGraw-Hill Book Company, Inc., 1962), 
Pp. 56-62. 
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LAYOUT OF THE STUDY 

is the population mean. 

th 
is the effect of being in the k treatment 
group. This effect is estimated by: 

is the effect of the t e st. It is estimated 
by subtracting each test mean from the grand 
me an. 

G k (m) is t he effec t of being i n the rnt h t eacher ' s 
class within treatment k . This effect is 
estimated by subtracting each teacher mean 
f r om its r espect i ve treatment mean. 
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is the interaction of treatments and tests. 
It is es timated by finding the mean score 
of all scores in a specific treatment group 
and on a particular test. This mean minus 
the grand mean estimates the cell effect. 
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The alpha effect for this cell and the beta 
effect is also subtracted out and the result­
ing number is the estimated interaction effect. 

E_ 'k J m 

is the interaction of teachers and tests 
within a particular treatment. The inter­
action effect can be estimated for each datum 
in the analysis by the following formula: 

"' ;S G = j k (m) = xj km - xm - xj for + \ 
treat. k 

is the error term 

The partitioning of the total variation is shown in 

1'able II. 

A t est of the null hypothesis that C\:. = 0 is accom­

.l?lished 
by comparing the mean square for treatments with the 

lnean 
square for error between. If the assumptions underlying 

the a 
nalysis of variance are satisfied, the ratio of MSt t rea 

to 

O:f 

Ms 
error between 

:freedom. 

is distributed as F with (k-1,m-k) degrees 

A test of the null hypothesis that yjk = 0 for all jk 
is 

accomplished by comparing the mean square for interaction, 

tre 
atments by tests, with the mean square for error within. 

l\s b 
efore , if the assumptions are satisfied, the ratio is 

d. . 
J..str·b 

l Uted as F with [(j-1) (k-1), (m-k) (j-1)] degrees of 

freed om. 



TABLE II 

PARTITIONING OF THE TOTAL SUM OF SQUARES 
IN A TWO-FACTOR EXPERIMENT 
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~ 
Sourc=e=o~f============================ 

Variat· Degrees of Mean 
--- - i on ----- Freedom Square _____________ ::__ __ 
Betw 
~ 

'I'reatments 

'I'ea h c ers With. T in 
reatments 

livithin 
~ 

'I'ests 

Interact· ( ion: 
Treat . X Tests) 

Interact· lOn• 
(Test x · ,., . Teacher 

vvi th · in Treat.) 

Total 

rn-1 

k-1 

rn-k 

m(j-1) 

j-1 

(j-1) (k-1) 

(m-k) (j-1) 

N-1 

MS 
treat 

MS 
tests 

MS 
treat X 

test 

~--'=::=============== 

If the ratios computed to test the statistical hypothe-
8is 

' ~ ~ O, exceeds the critical values of the F distribution 

:f o:r ( 
k-1,m- k) degrees of freedom, then the null hypothesis 

Will b 
e r e jected. It would then follow that µA -;/- µB 

in the 
Population since~ =j:: 0. 

If the ratios computed to test the statistical hypothe-
8is 

yjk ~ O exc e eds the critical values of the F distribution 
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for [(j-1) (k-1)' 

hypothesis is 

(m-k) (j-1)] degrees of freedom, then the nu l l 

rejected. This is evidence of interaction 
betwe 

en treatments and tests in the population indicating 
ad. 

1.fference . th 
1.n e rate of forgetting. 

1. 

2. 

3. 

4. 

5. 

Assumptions Underlying the Two-Factor 
Analysis of Variance 

Subjects are randomly assigned to treatments and 
teachers. 

The variances within each cell are homogeneous. 

The variances of the interactions between tests 
and subjects within each treatment group are 
homogeneous. 

The data are at least of interval measure. 

Scores are normally distributed. 

Prom a practical standpoint, it is difficult to satisfy 
the f' 

1.rst condition since experimenters do not have that much 

control 
over the assignment of students in schools. It is 

Possibl 
e, however, to randomize the available subjects with 

l:'ef 
e:r-ence to cells. · t t· th ' f th As Lindquis men ions, is orces e 

definit· 
1.on of the population to which inference may be drawn 

tot · 
1. t the 

sample of available subjects. 

Assumption two is tested by finding the variances of 
the 

teacher means about each treatment mean and testing the 
horn 

Ogeneity of these variances with an F-test. 

The homogeneity of variances of interaction between 
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tests 

a
nd 

s ub j e cts is tested by finding the variance of the 
interact. 

ion of tests and teachers within treatments for each 

treatment 
and then comparing these variances for homogeneity 

by 
means of an F-test. 

Since the data are e xpressed as ratios, assumption 
four 

is satisfied. 

Assumption five is not of serious concern. Lindquist 

re"iewed a 
study by Norton in which it was shown that the 

E'-test is 
' in general, insensitive to non-normality in dis-

tribut. ion. 
Unless the departure from normality is extreme, 

such th 
at it can be detected by inspection, the effect on the 

"alidity 
of the F-ratio is not appreciable. 

Use of the Analysis of 
Variance Procedure 

The analysis of variance procedure described will be 

ap.Pliea t . 
Wice. The first application will test the effects 

Of the 
tre atments on the acquisition and retention of the 

lllathema t· 
ical behaviors associated with the learning sequences. 

'I'he 
s e cond application will consider the acquisition and 

t'e t e nt· 
ion of the science behaviors associated with the same 

Seq 
Uences. 
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Summary of Chapter II 

The purpose of this chapter was to discuss the various 

cons id . 
erations made with respect to the experiment al des i gn. 

A des · 
cr i ption was given of the population and experimental 

rnaterial 
s us e d in the study. The use of the pilo t study as 

a rneans of · · · 1 t · 1 refining the hierarchy and experimenta ma eria s 

Was al 
so discussed . The anal ysis of varianc e procedure used 

to t e st the 
hypotheses was also described. 



CHAPTER III 

ANALYSIS OF THE DATA 

This chapter reports the analysis of the data accumu-

lated du . 
ring the course of this investigation. Included are 

the results 
of the analyses used to validate the hierarchy, 

test th 
e statistical hypotheses, verify the assumptions of 

the 
analysis of variance, and test the reliability of the 

inst rument. 

Validity of the Measuring 
Instruments 

As stated by Anastasi, "Content Validity involves 
ess . 

entia11y the systematic examination of the test content 
to d 

etermine whether it covers a representative sample of 

the b 1 
ehavior domain to be measured. 11 The assessment items 

included 
in the instrument used for this investigation were 

de · 
s.1.gned to h b h · test acquisition of each oft e e aviors con-

tained 
in the hierarchy. 

'I'he following procedure was employed as a means of 

determ .. 
ining whether the test items sampled the behavior 

-------1 
~acmil Anne Anastasi, Psychological Testing (New York: 

lan Company, 1961), pp. 135-36. 

; / 

The 
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may be d 
ue to uncontrolled test conditions such as distrac-

tions of 
various types, or by the condition of the subject 

himself. 
The coefficient of stability, a measure of temporal 

stability . 
is a correlation coefficient obtained by examining 

8 cor 
es achieved by the same subjects on two administrations 

Of a test. 

Item specificity as a source of error variance refers 

to th 
e extent that scores on a test depend upon factors 

spec·f 1 
ic to the particular selection of items. 

The homogeneity of a test refers to the consistency 

Of n 
~erformance on all items within a test. Although homoge-

neous t 
ests are preferred because their scores permit fairly 

Unamb· 
iguous interpretation , a single homogeneous test is not 

an adequate predictor of a highly heterogeneous criteria. 

The reliability coefficient which measures the item 

specificity and homogeneity is termed the coefficient of 

intern l 
a consistency. The computation used to produce this 

COeff' 
lcient is the Kuder-Richardson Formula 20. The formula 

where 

r k 
k-1 

r represents the coefficient of internal consistency, 

k: r 
epresents the number of test items, p represents the pro-

Portio 1 d 6 2 n of correct responses to one item, q = -pan 
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represents the 
variance of the test scores. 

The coefficients of stability and internal consistency 

computed for thi' s . b 
investigation were ased on the scores of 

lao students from 
six of the classes that participated. Of 

the 
six classes, three were randomly chosen from each of the 

treatment s. The product-moment correlation computed resulted 
in a 

coefficient of stability of 0.79. 

The scores of the 180 subjects on Measure I were used 
to 

compute the coefficient of internal consistency. The 

scores of these 
subjects produced a variance of 36.52 and 

a sum of 
7.21 for the proportion of correct responses multi-

Plied by the proportions of the incorrect responses. When 

the I< 
Uder-Richardson Formula 20 was applied using these 

values 
' the coefficient of internal consistency for Measure I 

was found to 
be 0.81. 

Validation of the Hierarchy 

The integrated mathematics-science hierarchy construc­
ted 

for this investigation was used as the source of the 
Ob· 

Jectives of the lessons developed. The hierarchy also 

Provided a 
sequence in which the objectives should be con-

s· 
ldered When constructing the lessons. Finally, the hierarchy 

Provided a 
basis for construction of the measuring instrument, 

each 
assessment item designed to test acquisition of a given 

beha . 
Vior in the hierarchy. 
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s· 
ince the hierarchy was, of necessity, constructed by 

an a Priori 
analysis procedure, it was necessary to test the 

Validity of the 
hierarchy before proceeding with the experi-

rnent. 

on an 

This was one of the major purposes of the pilot study. 

The validation of any behavioral hierarchy is based 

e x amination of the pass-fail patterns which occur 

between 
a given terminal behavior contained in the hierarchy 

and its 
relevant subordinate behaviors. 

If a subject acquires a given terminal l:Ehavior in the 

hierarchy 
and also acquires all relevant subordinate behav-

iors 
I 

then this is represented symbolically as (1,1). 

If a subject fails to acquire a given terminal behavior, 
but 

does acquire all relevant subordinate behaviors, then 

this 
is represented as (0,1). 

If a subject acquires the terminal behavior and does 

not 
acquire all of the relevant subordinate behaviors, then 

this · 
is represented symbolically by (1,0). 

If a subject fails to acquire the terminal behavior 

and 1 
a 1 of the relevant subordinate behaviors, then this is 

rep 
resented symbolically as (0,0). 

The consistency ratio used in the validation of a 

beha . 
V1ora1 hierarchy is a measure of the support for the 

hypothesis 
that acquisition of the terminal behavior implies 

acqu . . 181tion of the relevant subordinate behaviors. The 



ratio is 
computed by use of the formula: 

able 

r 
consistency = L (1,1) 

L (1,1) + (1,0) + (O,O) 

The minimum ration of consistency considered accept-

was e stablished as 0.90. 

The adequacy ratio used in the validation of a 

hie rarchy 
is the measure of support for the hypothesis that 

acguisit · 
ion of all relevant behaviors will imply success in 

acgu · 
iring the terminal behavior. This ratio is computed by 

Use Of 
the formula: 

r 
adequacy = L (1, 1) 

L (1,1) + (O,l) 

A Value of 0.90 was also considered acceptable for 
this 

ratio. 

The completeness ratio tests the ability of subjects 
to 

acquire both the terminal behaviors and all relevant 
8 Ub 0rd

inate behaviors. If the behaviors chosen for the 
low 

e
st 

level of the hierarchy are ones that all of the sub­
jects 

are assumed to have and this assumption is erroneous, 

then al 0w completeness ratio would result . This might 
Sl[g 

gest that more primitive behaviors should be chosen for 
the l 

Owest l e vel than those selected. This ratio is 

76 



computed by 
us e of the formula: 

I.; (1,1) r 
completeness I; (1, 1) + (O, 0) 
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The acceptable ration for completeness was also set at 

On the basis of the data accumulated from the pilot 

.Program 
' the preceding formulas were used to construct ratios 

for 
each set f b h o e aviors consisting of a terminal task and 

a11 
relevant subordinate behaviors. The ratios obtained 

indicat 
ed certain parts of the hierarchy where relevance 

between the 
terminal behavior and the subordinate behaviors 

cou1a not be 
established. On the basis of this information, 

the h 
ierarchy was revised. 

Following the experiment, a class was chosen from 

ctmong th 
ose participating in the experiment and the ratios 

Of con . 
sistency, adequacy, and completeness were computed. 

'l'h 
e results of this examination are shown on the following 

Pages. 

Prior to computing the ratios, it was established 

that 
e ach ratio must attain a level of 0.90 or above to be 

consid 
erect acceptable evidence of a relevance between a 

terminal 
b ehavior and subordinate behaviors. On this basis, 

it w 
as found that four of the twenty-one consistency ratios 
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TABLE III 

VALIDATION OF THE LEARNING HIERARCHY RATIOS OF 
CONSISTENCY, ADEQUACY, AND COMPLETENESS 

Relevant Tasks Consistency Adequacy Completeness 

VII IA from IXA 1.00 0.97 1.00 
VrrA from VIIIA 0.96 0.86 1.00 

VIA from VIIA 0.87 1.00 0.93 
VA from VIA 0.97 0.97 1.00 

IVA from VA 0.97 1.00 1.00 
Vrrre from IXB 1.00 1.00 1.00 
vrrrB from IXB 1.00 1.00 1.00 
VrrB from VIIIB 1.00 0.93 1.00 

VIB from VIIB 0.90 0.96 1.00 
VB from VIB 0.93 0.93 1.00 

lirA from VA and 1.00 0.90 1.00 IXB 
vrre from VIIIC 1.00 0.97 1.00 
lIIB from VIIc 0. 93 0.88 0.96 and VB 
lIA from IVA 1.00 0.90 1.00 

IA from IIIA and 0.88 0.96 1.00 IIA 
Ve from VIC and 0.90 0.64 0.90 VID 

lVB from 0.93 1.00 0.97 VIC and VID 
rve from VIC 0.93 0. 89 1.00 and VID 
lB from IIIC 0.87 1.00 1.00 and IVA 

Irre from IVC and IVB 0.89 0.89 1.00 
re from IIIC 0.90 1.00 0.96 and IIIB 

~ 
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TABLE IV 

VALIDATION OF 'THE LEARNING HIERARCHY 
FREQUENCY OF PASS-FAIL PATTERNS 

Rele vant Ta sks (1, 1) ( 0 I O) (1, 0) ( 0 I 1) 

V:r I I A from I XA 29 1 
V:r:rA from VIIIA 25 1 4 
VIA from VIIA 26 2 2 

VA from VIA 28 1 1 
IVA from VA 29 1 

V:r I IC from I XB 30 
V:r:r:rB from I XB 30 

V:r:rB from VIIIB 28 2 
V:tB from VIIB 26 3 1 

VB from VIB 26 2 2 
lI:tA from VA and 27 3 I XB 
V:r:re from VIIIc 29 1 
I:r:rB from VIC 25 1 2 2 and VB 
l!A from IVA 27 3 
IA from IIIA 26 3 1 and IIA 
Ve from VIC 18 2 10 and VID 

!VB from VIC 28 1 1 and VID 
:rvc from VIC 25 2 3 and VID 

:r:r:rc from IVC 24 3 3 and IVB 
!B from IIIC and IVA 26 4 
:re from IIIc 27 1 2 and IIIB 

~ 
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Were below this level. 

to be b 
Five adequacy ratios were also found 

elow the acceptable limit with one ratio as low as 

All completeness ratios attained levels above the 
level 

of acceptability. 

Analysis of Variance of Means 
for Mathematics Items 
on Measures I and II 

Measures I and II were administered to determine the 
over l 

a 
1 

effect of the treatments on the acquisition of the 

TABLE V 

ANALYSIS OF VARIANCE OF MEANS FOR MATHEMATICS 
ITEMS ON MEASURES I AND II 

~================ 
Source of 
'\lariat · Mean 

df Squares F Action Taken ~ ~---s _______________________ _ 

'l'reatments 

'.I'eachers within 
'l'reatments 

29 18.14 

1 

28 
'With . 
~ 

'l'ests 
30 

lnteract· ion: 
(Treat. X Test) 

lnteract· ion• 
(~est X T~acher 

With' 
in Treatments) 28 

1 

1 

78.89 

15.97 

2.13 

45.06 

1. 74 

0.61 

4.94 

2.84 

Reject H 
0 

Accept H 
0 

'.I'ota1 5 9 

~============= 
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ma
th

ematics and sci·ence b h · 11 h e aviors as we as t e rate of 

forgetting 
associated with each treatment. Means associ -

ated . 
Wlth the 

acquisition of mathematics behaviors and 

Science b 
ehaviors were considered in separate analyses. 

Th e analysis of variance associated with the acquisi-
tion 

Of the 

hypotheses: 

mathematics behaviors tested the following null 

1. 

2. 

The overall effect of increased integration of 
mathematics and science behaviors in a learning 
sequence, as indicated by the treatment means, 
is equal to the overall effect of assignment to 
a non-integrated learning sequence. 

H : 
0 

An increase in the integration of mathematics 
and science behaviors in a learning sequence 
produces the same rate of forgetting as a 
non-integrated sequence. 

The subgroup means that were used in the analysis of 

Variance 
are contained in Appendix F. 

By comparing the mean square for treatments with the 
mean 

square for error between, an F-ratio of 4.94 was 

attained. 
This ratio is sufficient to reject the null 

hyP0 the si· h 
s, A = /4,.(. , since the critical F-ratio at t e 

A B 
0.05 l 

eve1 With (l,28) degrees of freedom is 4.20. Thus, 

there . 
ls support for the statement that the treatments have 

diff 
e r e ntial effe cts on overall performance. 

Since the means for treatments A and Bare 20.6 and 



18.3 
' respectively, the research hypothesis that the inte-
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grated 
mathematics-science learning sequence produces a 

highe r 
overall performance of the student than the non-

integ 
rated sequence is supported. 

By comparing the mean square for interaction, treat-
ments 

by test, with the mean square for error within an 
P-:ratio Of 2.84 was obtained. Since the ratio was less than 
the P-c . 

ritical ratio at the 0.05 level with (1,28) degrees 
Off 

reedom, it is necessary to accept the null hypothesis, 

Thus, the research hypothesis that the treatments 
had 

differential effects on the rate of forgetting was not 

supported. 

Statistical Tests of the Homogeneity 
of Variance for the Treatment Groups 

Among the assumptions underlying the two-factor 

ana1ys · 
ls of variance procedure used in this experiment are: 

l. The variances within each cell are homogeneous. 

2 · The variances of the interactions between tests 
and subjects within each treatment group are 
homogeneous. 

The test for the first assumption is accomplished by 

.finding 
the variances of the teacher means about each treat-

me nt me an · f th · b and testing the homogeneity o ese variances y 

an P-te st. 

Obtained . 

Using this procedure, an F-ratio of 1.58 was 

Since the F-critical ratio with (14,14) degrees 
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Off 

reedom is 3.70 @ 0.01 1 1 th · eve, e assumption of homogeneity 
Of V 

ariance is supported. 

The test for the second assumption is accomplished by 

determi . 
ning the variance of the interaction of tests and 

teachers ·th· 
wi in treatments for each treatment and then com-

Paring these 
variances for homogeneity by means of an F-test. 

This 
Procedure resulted in an F-ratio of 1.58. Since the 

P-c . 
ritical ratio with (14,14) degrees of freedom is 3.70@ 

0.01 1 
evel, this assumption of homogeneity of variance is 

also 
supported. 

Analysis of variance of Means 
£or Science Items on 
Measures I and II 

The same procedure described £or treating the mathe­

matical 
data was also applied to the data collected on the 

Science 
items. The table on the following page summarizes 

this 
Procedure. The subgroup means for science that were 

Qsea . 
in the analysis of variance are contained in Appendix G. 

On the basis of these data, it was concluded that the 

tre 
atment to which the groups were assigned had no differen-

tial 
effects on overall performance or rate of forgetting. 
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ANALYSIS OF VARIANCE OF MEANS FOR SCIENCE 
ITEMS ON MEASURES I AND II 

84 

~================== 
Source of 

Mean 
df F 

Variat· 
----=on 

----------=-------------
~ 

Squares Action Taken 

Treatments 

Teachers within 
treatments 

Vvithi 
~ 

Tests 

Interact · lOn· 
(Treat. X. Test) 

Interact· lOn: 
(Test X Tea h w· c er 
lthin Treat.) 

Total 

29 

1 

28 

30 

l 

1 

28 

6.76 

10.67 

6.62 

0.34 

1.50 

0.54 

0.29 

1.61 

1.86 

Accept H 
0 

Accept H 
0 

59 

~================= 

Statistical Tests of the Homogeneity 
of Variance for the Treatment Groups 

Dsing the procedures previously described to test the 

"ariance 
Within cells, an F-ratio of 0.96 was obtained. Since 

the F- . 
critical ratio with (14,14) degrees of freedom is 3.70@ 

0.01 1 
eve1 of confidence, the assumption of homogeneity of 

"ariance 
is supported. 

The test for the homogeneity of variance of the inter­

actions 
of tests and subjects within each treatment group was 



also 
conducted using the procedures previously described. 

'I'his 
Procedure resulted in an F-ratio of 2.96. Since the 

.F'-c . 
ritical rati·o wi' th (14 14) d ff , egrees o reedom is 3.70@ 

0.01 level th 
, e assumption of homogeneity of variance is 

supported. 

Summary 

This chapter included an examination of the validity 

ana l 
re iability of the measuring instrument used in this 
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experiment, and an anlysis of the data collected. Statisti-

cal t 
e st s were applied to the data and the following results 

were obtained: 

1. 

2. 

3. 

In testing the reliability of the measuring 
instrument, a coefficient of stability of 0.79 
and a coefficient of internal consistency of 
0.81 were obtained. 

The consistency, adequacy, and completeness of 
the hierarchy were examined. Four of the con­
sistency ratios and five of the adequacy ratios 
were below the acceptable level of 0.90. All of 
the completeness ratios were either equal to or 
greater than 0.90. 

Treatment A produced a significantly higher over­
all performance than Treatment Bin acquisition 
of the mathematical behaviors although there were 
no significant differences between treatments in 
their effect on rate of forgetting. 

4. The two treatments had no differential effects on 
the overall performance or the rate of forgetting 
with regard to the science behaviors. 



CHAPTER IV 

CONCLUSIONS AND SUBSEQUENT WORK 

In any investigation which involves statistical 

infere 
nee, the findings are ordinarily applied to a larger 

domain 
than those cases actually observed. The larger 

domain is termed the population and the observed domain is 

termed the sample. 

All of the classes used in the experiment were drawn 

from th 
e population of fifth grade classes in the Baltimore 

County Public Schools. Since the classes selected did not 

constitute a random sample of this population, a hypothetical 

Populat· 
ion was defined to which the inference applies. The 

clas 
ses selected for the investigation were considered a 

rand0m sample of the hypothetical population. Accordingly, 

the h YP0 thetical population was defined as the set of fifth 

grade classes i·n bl' h 1 th t the Baltimore County Pu ic Sc oo s a 

Would use the . 1 experimental materia s. 

The purpose of this study was to determine whether an 

integrated h' h f th learning sequence based on a ierarc yo ma e-

matical · ·t· and scientific behaviors facilitates the acquisi ion 

and 
retention of the behaviors more than a non-integrated 

learn· 
ing sequence based on the same hierarchy. 
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The comparison of the effectiveness of the two learn­

ing 
sequences was based on the results of the posttests given 

after 
completion of the learning sequences. One test was 

given 
on the day following completion of the learning sequence, 

and th 
e second, nine weeks thereafter. Comparisons were made 

on 
th

e basis of the overall effect of the treatments on 

acqu· 
isition of the behaviors and on the rate at which the 

behaviors 
are forgotten. 

In constructing the experimental design, an attempt 

Was 
made to control all sources of systematic bias through 

rand 
om assignment to treatments. Other sources of variation 

Were · 
identified and controlled. Therefore, the major dif-

feren 
ce between the two groups was assignment to the inte-

grated 
or non-integrated learning sequence. Differences in 

acq · 
Uisition and retention of the behaviors are, therefore, 

attr·b 
i Utable to assignment to treatment. 

conclusions 

The experiment was conducted to test four research 

hypothesis. Th e hypotheses were: 

1. Increasing the integration of science and mathe­
matics behaviors during instruction increases the 
overall performance of the student in mathematics. 

2. Increasing the integration of science and mathe­
matics during instruction decreases the rate at 
which the mathematical behaviors are forgotten. 
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4. 
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Increasing the integration of science and mathe­
matics behaviors during instruction increases the 
overall performance of the student in science. 

Increasing the integration of science and mathe­
matics during instruction decreases the rate at 
Which the science behaviors are forgotten. 

The conclusions drawn were restricted to the specified 

Populat · 
ion and are based on the results of the analysis of 

Va · 
riance carri·ed out on the class means. 

The first hypothesis was supported by the data. The 

analysis of variance identified a significant difference in 
th 

e overall performance that was attributed to assignment to 

treatment. 
The integrated sequence produced a significantly 

higher 
overall performance than the non-integrated sequence. 

No evidence can be offered that supports the second 

hyP0 thesi· 
s. The lack of an interaction between treatments 

ana t 
e st s indicates that the rates of forgetting of the 

mathemat · 
ical behaviors are approximately the same. Any 

a· 
lfference between these rates can be attributed to chance. 

As indicated by the following graph, the acquisition 

Of a 
greater number of mathematical behaviors was exhibited 

on the 
initial posttest by those classes of students exposed 

to the 
integrated sequence. Those students taking the inte-

grated 
sequence also exhibited a greater number of mathemati-

cal b h 
e aviors on the delayed posttest. Thus, although the 

rate 
of forgetting was approximately the same for each 
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Pe rformance 
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x ______ ,, B 

Measure I Measure II 

FIGURE 4 

GRAPHIC COMPARISON OF RATES OF FORGETTING 
OF MATHEMATICS BEHAVIORS 

t:i:- e atme nt 
' it is advantageous to use the integrated sequence 

Since a 
large r number of mathematical behaviors are acquired 

ana 
ret a ine d . 

The lack of difference in the rates of forgetting 
im1,1 . 

.c,, l e s that the same number of mathematical behaviors were 

fo:i:-gott e n 
r e gardless of the treatment. If it can be assumed 

that t 
h e number of behaviors forgotten increases as the num-

b e :i:- Of 
behaviors acquired increases, then it is not unreason-

able t 
0 a ssume that at least as many behaviors would be 

fo :i:-gotte n 
in the integrated sequence as in the non-integrated 

Se q Ue nce . 

The th i r d h ypothesis was not supported by the data. 

'l'he 
ove ra11 performance of the students in acquiring science 
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beha · 

viors was not differentially affected by assignment t o 

treatment. 
Since a number of the assessment items designed 

to test acqui· si·ti· on of the science behaviors were success -

fully completed by students assigned to both treatments, it 

is Po . 
ssible that fourteen science assessment items were too 

few t 0 
Produce significant differences in the overal l 

Performan 
ce. Perhaps several more assessment items designed 

to test a · · · h 1 h b cquisition of the final tasks sou d ave een 

included i·n the 
measure with a greater weight assigned to 

these tasks for 
the grading procedure. 

The lack of difference in the rate of forgetting pre­

dicted 
by the fourth hypothesis may also be attributed t o 

then 
eea for additional assessment items, particularly those 

testing 
acquisition of the terminal behaviors. 

Although the preceding conclusions were based on the 

ana1 . 
Ysis of variance procedure, other £actors which affect 

the 
conclusions should also be discussed. These factors 

inc1ua 
e the validity and reliability of the measuring instru-

ment 
ana the validity of the hierarchy. 

~ measuring instrument. Support £or the validity 

Of the 
measuring instrument was provided by the matching of 

the 
assessment items in the instrument with the behaviors in 

the h 
ierarchy. The matching was done by persons with a 

background in mathematics, science, and construction of 



91 

assessment items who had not had prior exposure to the 

experi 
mental materials. The evidence of validity was, thus, 

rnore b. 0 Jective than that which would have been provided by 

an analysis by the experimenter alone. 

The reliability of the instrument was measured by use 

Of the 
coefficients of stability and internal consistency. 

Both 
of these coefficients were at an acceptable level. 

Criteria for administering and scoring the instrument 

were 
established and the experimenter scored all of the tests 

Personally. In this way, variations in administration and 

scor· 
ing Were minimized. 

~ hierarchy. Validation of the hierarchy was accom-

Plish d 
e through an e x amination of the ratios of consistency, 

acteq 
uacy, and completeness. Although some ratios of consis-

ten 
cy Were slightly below the level established prior to the 

e.xaminat1· on of the hierarchy, none of the ratios was 

e.xtremely 1 ow. Although these low ratios are not a cause 

for s . 
erious concern, they do indicate the need for further 

l:'ef · 
lnement of the hierarchy, or further examination of the 

ass 
essment items. 

In only one case did an adequacy ratio reach a level 

that 
could be considered a cause for serious concern. One 

reason for rnb. t this low ratio could be an a 1guous assessmen 

item 
Used to test acquisition of the terminal behavior. A 
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second 

e xplanation might be less instruction than necessary 
to ac . 

quire the 
terminal behavior after the subordinate 

beha . 
Viors had 

been acquired. A third possibility would 
be th 

e absence of a needed intermediate behavior between 
the t 

erminal and subordinate behaviors. 

All completeness ratios were above the level of 
accent 

~ ability . 

J2..iscussion. The implications made on the basis of 

any educational e xperiment are limited by the population 

defined 
for the e xperiment. Any implications that are 

applied 
to a less restricted population are subject to 

criti . 
cism since there would be no evidence to support them. 

Bowever 
' the following possibilities are suggested by the 

result 
s of the investigation . 

Each of the lessons was designed to last for fifty 

minutes. 
In the integrated sequence, both the mathematics 

ana . 
science were taught in this amount of time. This was 

cl.lso t 
rue of the non-integrated sequence. Usually, when 

mathemat · 
ics and science are taught as unrelated subjects, 

each 
mathematics or science lesson, itself, will last as 

long 
as an integrated lesson. This suggests that the inte-

Sratea 
sequence may make more efficient use of time than a 

sequence . 
in which the mathematics and science are not related. 

In the high school, where the behaviors to be acquired 



in b 0th 
mathematics and science are complex, an efficient 

integ 
rated sequence may be difficult to implement. The 

implementati· on 
of such a program would be most restricted 

by the lack of 
teachers with the necessary background to 

teach 
such a course. The potential benefits of such a pro-

gram, however 
I 

con · siderat · ion. 

might make the additional difficulties worth 

At the elementary or middle school level, however, 

the b 
ehaviors acquired are less sophisticated and are, con-

sequent1 
Y, more adaptable to integrated sequences that are 

Within the 
average teacher's capabilities. 

An added advantage of the process used in this inves­

tigation is the use of the hierarchy as a guide for con-

structing the learning sequence. Lessons can be designed 

to 
Promote acquisition of each of the behaviors included in 

the h 
ierarchy. Assessment items can be constructed which 
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are 
specifically designed to test acquisition of thebehaviors. 

1 
n this . . . 1 b · t · way, acquisition of each of the behaviora o Jee ives 

Of th
e learning sequence can be tested when evaluating the 

effe t · 
c iveness of the learning sequence. 

A Validated hierarchy makes it possible to identify 

related termi· nal b h · Thi's ai' ds the and subordinate e aviors. 

teach . 
ing process by identifying the behaviors that have not 

been 
acquired by the students. This identification makes it 
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Possible to isolate 
sources of learning difficulty. 

Implications for Further Research 

The process of seeking the solution to one problem in 

ectucat· 
ional research often makes possible the identification 

Of Oth 
er related problems worthy of consideration. As a 

result of thi's 
investigation, several areas were identified 

in Wh' 
lch further study should prove profitable. 

The integrated learning sequence proved effective in 

facilitat· 
ing acquisition of the mathematical behaviors with 

the def · 
ined population. Testing similar learning sequences 

at le 
Vels above and below that considered in the investiga-

tion 
should be carried out. The continued success of such 

Seq 
Uences in facilitating acquisition of the mathematics 

behav· 
lors With various populations would suggest that serious 

thou h 
gt should be given to designing integrated courses in 

mathe . 
matics and science at the elementary and middle school 

level. 
Such a procedure would also encourage the inclusion 

Of more 
Science in the elementary school. 

Since the integration or correlation of mathematics 
ana 

Science has often been suggested for the high school, 

int 
egrated learning sequences could be developed for testing 

at th· 
is level. Since mathematics and science are usually 

taught 
as unrelated subjects in the high school today, an 
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investigati· on 

could be conducted that involves three treat-

rnent group 
s. The first group would include classes in which 

rna.th . 
ematics and science are taught as unrelated subjects. 

'I'he second 
would be a sequence in which the mathematics 

needed for 
acquisition of the science behaviors 

Witho . 
Ut science applications being introduced. 

is taught 

The third 
treatment 

would be an integrated mathematics-science sequence 
in Wh· 

ich the mathematics would be taught as needed through 
the 

Use of 1 . re ated science problems. 

Similar sequences could be developed for testing the 

effectiveness of 
such programs as Applied Mathematics, 

Applied Al b 
ge ra, or Applied Geometry. Each of these sequences 

Would 
expose the students to high interest situations in 

Which th
e acquisition of certain mathematical behaviors was 

nee 
essary. The situations might include work with automo­

b· 
iles or . . 

other mechanical devices for boys and furnishing 

an apart 
ment and cooking for girls. 

The characterization of mathematics as a collection of 

sterile 
manipulations does not have to have as much basis in 

fa.ct 
as it now enjoys. To dispel this notion, more experi-

rnentat· 
ion should be undertaken in which mathematics is 

int 
egrated with other subjects. The results of this investi-

gation 
should provide some encouragement for this approach 

to the 
t e aching of mathematics. 
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Surrunary 

This chapt e r wa s devoted to a discussion of the con­

clusions that were reached on the basis of the data obtained 

from the e x p e rime nt. 

were the n c o nside r e d. 

The implications of these conclusions 

The experime nt produced evidence that the integrated 

sequ e nce facilitates acqu i sition of the mathematicalbehaviors 

mor e tha n the non-integrate d s eque nce, but had no significant 

e ffe ct on the rate of forgetting. 

For the defined population the e x perimental treatments 

h ad no d iff e r e nt i al e ffe cts on the acquisition or retention 

o f the science b ehav iors . 

Ba sed on the success of the integrated sequence in 

facilita ting a c q uisitio n o f the mathematical behaviors, it 

is sugge sted that investigations be undertaken at various 

grade l evels to f urthe r explore the utilization of this 

techniq u e . 

It was also sugge sted that an integrated learning 

sequ e nce may make more efficient use of time than the usual 

plan of teaching ma the matics a nd science as unrelated 

s ub j e cts. 

The possibility of integrating mathematics with a 

var i e t y of s ubj e c ts wa s also propos ed. 
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TABLE VII 

NUMBER OF PARTICIPATING STUDENTS IN 
EACH OF THE CLASSES 

Treatment A Treatment B 

Class ------=- Number Class Number 

'\ 37 Bl 37 

A2 25 B2 37 

A 
3 31 B3 27 

A 
4 33 B4 27 

AS 29 BS 24 

A 
6 20 B6 26 

A7 29 B7 30 

A 
BS 36 8 39 

A 
B9 35 9 30 

A 
10 24 BlO 39 

All 43 Bll 24 

Al2 31 Bl2 
17 

Al3 27 Bl3 23 

Al4 29 Bl4 
30 

Als 34 BlS 
27 

~ 
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RESULTS OF MATCHING ASSESSMENT ITEMS ON THE 

MEASURING INSTRUMENTS WITH BEHAVIORS 

IN THE HIERARCHY 



TABLE VIII 

RESULTS OF MATCHING ASSESSMENT ITEMS ON MEASURING 
INSTRUMENT WITH BEHAVIORS IN HIERARCHY 

13ehav· Correct Incorrect Per cent of 1.or 
Match Match Successful Matches -----=-IXA 

6 0 100 
IXB 

l 6 0 100 
IXB 

2 6 0 100 
IXB 

3 5 1 83 
IXB 

5 1 83 4 
VrrIA 

6 0 100 l 
VrrrA 

6 0 100 2 
VrrrB 

6 100 l 0 
VrrrB 

6 100 2 0 
Vrric 

5 1 83 
VIIA 

6 0 100 l 
VIIA 

2 6 0 100 
VrrB 

0 100 l 6 
VrrB 

0 100 2 6 
Vrrc 

6 l 0 100 
Vrrc 

2 5 1 83 
VIA 

0 100 6 
VIB 

6 0 100 
Vrc 

0 100 6 
Vrn 

1 83 l 5 
Vrn 

1 83 2 5 
VA 

1 83 5 
VB 

0 100 6 
Ve 

l 6 0 100 

100 
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TABLE VIII (continued) 

Correct Incorrect Per cent of 
Behavior Match Match Successful Matches 

vc
2 5 1 83 

IVA 6 0 100 

IVB 5 1 83 

IVC
1 

5 1 83 

IVC
2 

5 1 83 

IIIA 6 0 100 

IIIB 5 1 83 

IIICl 5 1 83 

IIIC
2 

5 1 83 

IIA 6 0 100 

IA 6 0 100 

IB 5 1 83 

IC 6 0 100 
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I. 

TREATMENT A 

LESSON I 

Ob· 
Jectives--The student should be able to: 

A.. 

B. 

C. 

D. 

E. 

P. 

Name and identify a response. 

Name and identify a stimulus. 

Distinguish a stimulus from a response. 

Name and identify reaction time. 

Name and identify a premature response as the 
result of anticipation. 

Name and identify decimal numbers expressed in 
tenths and hundredths. 

Materials 

A. . 

B. 

C. 

New dollar bill. 

Paper cut to dollar bill size. 

Worksheet--Decimals expressed in tenths and 
hundredths. 

Vocabulary words: 

A.. 

B. 

C. 

D. 

Stimulus 

Response 

Anticipation 

Re action time 

Procedure 

A.. Tell the students that you are going to show them 
an old trick. Have a student help. Have the 
student hold his hand with the palm vertical and 
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his thumb and forefinger approximat ely one 
inch apart. 

B. 
Place a new dollar bill between the student's 
t~umb and forefinger so that the picture on the 
bill is between the thumb and forefinger. 

C. 
Explain to the class that it is very diffic ult to 
catch the bill when it is dropped unless one 
starts to grab for the bill before it is released. 

D. 

E. 

F. 

G. 

Before demonstrating this procedure, explain that 
usually the person who is trying to catch the 
dollar bill is told that he can keep the bill if 
he catches it. Emphasize that this is not the 
case in the coming demonstration. 

Drop the bill several times for the student. Tell 
the students to observe the procedure carefully. 

Ask what act causes the student to grab for the 
bill. (The student grabs for the bill when the 
bill is released by the teacher.) 

Ask students what happens when the bill is 
released. (The student grabs for the bill.) 

B. 
The entire procedure therefore involves two 
separate actions. What are they? (Teacher 
dropping bill, student grabbing for bill) 

l. 

J. 

K. 

Explain that in this situation the dropping of 
the bill is called a stimulus and the student 
grabbing for the bill is called the response. 
Write the words stimulus and response on the 
board for further reference. 

Give one or two examples of situations involving 
a stimulus and the response and then let students 
Volunteer similar situations. Have students 
identify the stimulus and the response in each case. 

Divide the students into groups of three or four. 
Dsing paper cut to dollar bill size, have one drop 
the paper, another act as the catcher and others in 
the group act as observers. Positions may be 
rotate d as the activity progresses. Allow about 
seve n minutes for this activity. 
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M. 

N. 

o. 
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Following this activity, ask students if any of 
them were able to catch the bill. If the answer 
is yes, ask observers if the student in question 
started his response prior to the release of the 
bill. 

Explain that giving a premature response is called 
an anticipation. Write this word on the board also. 

Ask students how long they think it takes for the 
bill to drop through one's fingers. (Various 
guesses will be made, but students should see at 
this time that they have no method of measuring 
the time lapse.) 

Tell the students that this period of time between 
the stimulus and the response is called the 
reaction time. 

1?. Also tell them that since those periods of time 

Q. 

R. 

are so short, we must have some method of measuring 
times less than one second. In order to do this, 
tell the students that they must have some 
knowledge of decimals. 

Place the following fractions on the board and 
have the students read them: 

-1. 
10 

~ 
10 

-1. 
10 

4 
10 

5 
10 

6 
10 

7 

10 

8 
10 

9 
10 

fraction 
1 

Show the students that the 10 
is written 

decimally as O.l. Explain that this is also read 
as one tenth. Have students supply the proper 
decimal notation and names for the remaining 
fractions. 

S. Explain that the decimal point separates whole 
numbers from fractional numbers and give several 
examples. 
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T. Put the fraction 1~~ on the board and ask students 

if they can guess how this could be written as a 
decimal. If they can, give several more examples 
to r e inforce ~gis ability. If they cannot, 
e xplain that 

100 
may be written as O. 25 and then 

give other e x amples. 

U. F i n a lly, distribute the worksheet, have the 
stude nts comple t e it, and then discuss the 
worksheet with them. 



LESSON I 

DECIMALS EXPRESSED IN TENTHS AND HUNDREDTHS 

Change the following fractions to decimals: 

l. 

Writ 

6. 

7. 

8. 

9. 

lo. 

11. 

12. 

13. 

14. 

ls. 

_§_J_ 
100 

2. ___hl_ 
100 

3. --1. 
10 

e the following in decimal form: 

seven tenths -

eight hundredths -

forty hundredths -

ninety-seven hundredths -

fifty-thre e hundredths -

sixty-three hundredths -

one hundre dth -

eighty-eight hundredths -

three t e nths -

e l e v e n hundredths -

4. _8 
100 
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5. _]_§_ 
100 
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TREATMENT A 

LESSON II 

I. Objectives--Th e student should be able to: 

A. Name and identify a centimeter. 

B. Name and identify reaction time. 

C. Name and identify an attention-getting procedure. 

D. Name and identify decimal numbers expressed as 
tenths and hundredths. 

E. Distinguish decimal numbers expressed in hundredths 
from decimal numbers expressed in tenths. 

F. Name and identify variables in human subjects and 
in experimental procedure s that must be controlled 
to complete a valid experiment. 

II. Materials--Meter stick, Reaction time chart 

III. Vocabulary 

A. Reaction time 

B. Ce ntime ter 

C. Attention-getting procedure 

IV. Procedure 

A. Put the following drill on the board or present the 
situation orally. 

Writ e the sentence containing the stimulus 
and the sentence containing the response 
in the following: 

A boy is riding a bicycle down the 
street. He sees a stop sign. He 
puts the brakes on. The bicycle 
stops. 
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:fter ~tude~ts have completed the drill, go over 
he drill with the students in order to determine 

their ability to name and identify the stimulus 

c. 

D. 

E. 

F' . 

G. 

(He sees a stop sign) and the response (He puts 
the brakes on) . 

Ask students how long they think it would take the 
b~y to brake his bicycle after seeing the stop 
sign. Again, as in the previous lesson, there will 
be difficulty in determining how long the action 
took with only guesses supplying the times. 

Review the term "reaction time'' with students as 
Well as the reading of decimals expressed in 
hundredths. 

Give students a copy of the chart provided. Explain 
to the students that by use of this chart, a fairly 
accurate measure of reaction time may be made. 

Show students the meter stick and point out the 
length of a centimeter, stressing that it is 1 
of the total length of the stick. 100 

Demonstrate with several pupils how to make use of 
the chart in measuring reaction time using the 
following procedure: 

Place a piece of colored tape that the students 
can see clearly at the 30 cm. mark on the meter 
stick. When performing the experiment, have 
the child hold his hand in the same position 
as it was held when experimenting with the 
dollar bill. Place the meter stick between 
his thumb and forefinger with the tape at that 
point. When the stick is dropped and the child 
catches it, the scale on the stick is read as 
the centimeter closest to the top of the child's 
thumb. When thirty is subtracted from this 
number, the number of centimeters that it 
dropped may be determined. By referring to 
the chart, the time elapsed may be determined . 

B. Give a student ten trials and have another student 
record the reaction time on the board for each 
trial. With experience, the child should improve, 
although there is a psychological limit below which 

I l 
I I 
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J. 

K. 
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he cannot go. Distract the student at least 
once during the trial and drop the stick when 
he is unprepared. The stick will then fall 
further than on previous trials. Ask students 
if this trial was a good measure of his reaction 
time. (No, since he was not paying attention.) 
Ask how the student might insure that the child 
pays attention while waiting for the stimulus. 
(Give a warning by saying "ready" or some other 

attention-getting process.) 

To prevent children from anticipating the stimulus 
and grabbing the stick before it is dropped, vary 
the period between the warning and the dropping so 
that the child will only respond when the stick is 

released. 

Ask students what things they have noticed in the 
trials that must be done the same by all students 
to make sure that everyone gets a fair trial. List 
these on the board. They should include items like 

the 
1. 
2. 

3. 
4. 

following: 
Student must be paying attention. 

should be dropped, not 
Meter sticks 

pushed 

downward. 
Students must 

Students must 

not anticipate. 
have equal amounts of practice. 

Students may think of other considerations which 
should be listed according to their merits. 

Summary 

A. Ask the following questions: 
1. How can we be sure that a student is ready for 

a trial? 
2 . What is a reaction time? 
3. How can we stop a person from anticipating the 

release of a stick? 
4. Name the following decimals: 

0.7 0.43 0.56 0.60 0.21 0.6 

B. Explain that before further work can be done on the 
experiments, it will be necessary to learn more 
about decimals. This will be considered in lesson 

III. 
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CHART I 

DISTANCE AND TIME TO FALL FROM REST 

Centimeters Seconds 

7 .12 

8 .13 

9 - 10 .14 

11 .15 

12-13 .16 

14-15 .17 

16 .18 

17-18 .19 

19 - 20 .20 

21-22 .21 

23-24 .22 

25-27 .23 

28-29 .24 

30-31 .25 

32-34 .26 

35-37 .27 

38-39 .28 

40 .29 
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TREATMENT A 

LESSON III 

Ob. 
J e ctives--The student should be able to: 

A. 
Distinguish decimal numbers in hundredths from 
d e cimal numbers expressed in tenths. 
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B. 

C. 

Or d e r decimals e xpressed in tenths and hundredths. 

Demonstrate a procedure for adding decimals. 

Mate rials-- Two worksheets 

Pr oce dure 

A. Tell stude nts that before it is possible to do 
further work with reaction time, it will be 
n e cessary to learn more about decimals. 

B. As a drill, put the following decimals the board. 

c. 

D. 

E. 

on 
Have the students orally name the decimals. 

0.7 0.62 0 . 59 0.4 0.19 

0.17 0 . 53 0.9 1. 7 0.99 

After completing the drill, ask students which of 
the numb e rs is the largest, the smallest. If they 
have difficulty, explain to them that any whole 
number is larger than any decimal fraction less 
than one and that by annex ing a zero to a decimal 
numera l expressed in tenths, the decimal may be 
expre sse d in hundredths. 

Working with the students, arrange the nume rals 
in a s c e nding order. 

Following this, have students write the following 
numerals in ascending order. 

0.6 4 

o. sa 
1. 72 

0 . 9 

1.5 

0.97 

1.8 

0 .89 

0.94 

0.16 
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F. Go over this ordering with the students to make 
sure that the students can perform this procedure. 

G. The n put the following fractions on the board. 

_i 
10 

2 
10 

1 
10 

B. Ask the students what the sum of these fractions 
is and place the sum under the fractions as 
illustrated below. 

_i 
10 

2 
10 

1 
10 

6 
10 

I . Ask students how each of the above fractions is 
Written as a decimal. Put down these as 
illustrated below. 

_i 
10 

2 
10 

1 
10 

_§_ 
10 

= 

= 

= 

= 

.3 

.2 

.1 

.6 
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R. 

L. 

M. 

N. 

Do a similar procedure using the fractions 
~,2 ~-
10 10 10 
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When you have done, in your judgment, an adequate 
number of illustrations, ask the students whether 
they can see a pattern to how decimals should be 
added. (Decimal points lined up, add as usual.) 

Using a similar procedure, do several examples 
involving hundredths. 

Distribute the worksheet. Have the students 
complete it and then go over the answers with 
the students. 

Follow this by the worksheet on reaction time. 
Have students complete this and then discuss the 
answers. 
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ADDITION OF DECIMALS 

Ann TBE 
FOLLOWING DECIMALS: 

1) 
.2 2) 3) 

.26 
4) 

. 93 .7 
.6 .8 . 71 .63 
.4 .6 .51 1.05 
.3 1.4 .36 2.13 --

AR.RANG 
E TBE FOLLOWING DECIMALS IN COLUMNS AND THEN ADD: 

5) 
0

· 1 + 0 .6 + 0.5 + 0.9 
6) 

0.53 + 0.74 + 0.86 + 0.52 

7) 

· 84 + .7 + . 5 + 1.3 
8) 7.32 + .58 + .72 + .4 



LESSON III 

TOTAL REACTION TIME 

FOUR BOYS TOOK TESTS OF THEIR REACTION TIMES. EACH BOY 

WAS GIVEN FIVE TRIALS. FIND THE TOTAL AMOUNT OF TIME 

THAT EACH BOY TOOK ON THE TRIALS. 
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Jim .42 sec . , .40 sec., .29 sec., .36 sec., .33 sec. 

Bob .56 sec . , .48 sec., .42 sec., 140 sec., .38 sec. 

I ke .52 sec., .74 sec., .79 sec., .67 sec., .56 sec. 

Ar t . 57 sec . , .94 sec., .88 sec., .38 sec., .5 sec. 
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TREATMENT A 

LESSON IV 

Obje t. 
c ives--The student should be able to: 

A • 

B. 

.Apply the rule for rounding decimals to the 
nearest tenth . 

Apply the rule for r ounding decimals to the 
n e arest hundredth. 

Mat · eri a ls --worksheet 

Procedure 

A. 
Put the following decimal nume rals on the board 
Prior to the lesson. 
0.72 0.6 0.87 0.8 0.91 
3 -72 4.3 0.5 0.7 0.03 

B. 
Have the students name these numerals. It may be 
necessary to emphasize the fact that when a deci­
mal numeral contains a whole number as in 3.72, 
the numeral is read three and seventy-two 
hundredths. 

c. 

D. 

E. 

Put the following decimal numerals on the board. 
0 . 534 0.832 0 . 756 0.842 0.973 

Ask the students how they think 0.534 would be 
read as a decimal. If they can read this one 
successfully, have them read the remaining numbers. 
If necessary, give the students additional practice 
0 n reading these numerals before proceeding. 

Review the rule for rounding whole numbers to the 
nearest ten and the nearest hundred. Emphasize 
the fact that the digit in the column to the right 
Of the column to be rounded determines whether the 
digit in the column to be rounded stay the same or 
is raised by one . It is not necessary for the 
§.lude nts to formally state this procedure if they 
.£:En Perform the procedure. 
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F . Use 
1. 

2 . 

the 
Put 
57 
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following method of presenting this topic: 
the following numbers on the board 

62 93 79 41 
Ask the students what each of these numbers 
would b e rounded to the nearest ten. Ask them 
to explain in their own words how they deter­
mined the answer. (Number in the column to 
the right [units column] determines whether 
the digit in the tens column stays the same or 
is r aised b y one.) 

3 . Us e a similar procedure with the numbers below, 
r ounding to the nearest hundred. 
126 437 596 782 648 

G. Whe n the rounding procedure has been reviewed suf­
ficiently, for whole numbers, consider decimals 
to b e rounde d to the nearest tenth and the decimals 
rounde d to the n e arest hundredth using the same 
me thods. 

H . Te ll the students that the followi ng decimals 
r e pre sent reaction times in certain experiments. 
Ask the students to round off the decimals in 
problem one to tenths and the decimals in problem 
t wo to hundre dths. 

1) 

2) 

0 . 6 3 

0 . 842 

0.87 

0 . 927 

0.56 

0.563 

0 . 94 

0.124 

0 . 98 

0.072 

I. Pass out the worksheet to students and allow them 
to work on them for the remainder of the period, 
using this time for gi v ing individual help to 
s tude nts. 

J . The wo r k s h eet will b e finished for homework if time 
does not remain in the period. 

K. The workshee t will be discussed at the beginning 
of l e sson V. 



J:J: . 

119 

ROUNDING REACTION TIMES 

The fl 0 lowing decimals represent reaction times determined 

in va . 
rious e xperiments. Round these reaction times to the 

neare st tenth or hundredth as indicated . 

J:. 
Round the following decimals to the nearest tenth. 

Put y our answer in the space provided. 

1) 0 .72 

5) 0 .67 

2 ) 0. 96 

6) 0.81 

3) 0. 05 4) 1. 44 

7) 0. 92 8) 2.99 

Round o f f the following decimals to the nearest 

hundre dth . Put y our answer in the space provided . 

l) 0 . 7 3 8 2) 0.972 3) 0.876 4) 5.731 

S ) 0 . 996 6) 8. 898 7) 0 . 237 8) 0. 94 7 
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TREATMENT A 

LESSON V 

I. Ob· 
Jectives--The students should be able to: 

Ir . 

A. 

B. 

C. 

Apply the rule for dividing a number by ten. 

Apply the rule for finding the average of ten 
Whole numbers to one decimal place. 

Apply the rule for finding an average of ten 
decimal numbers. 

Mat · erials--Worksheet 

Procedure 

A. Discuss the worksheet that was distributed in 
lesson four. Spend as much time on the discussion 
as you feel is necessary. 

B. 

C. 

D. 

Following this discussion, place the following 
numbers on the board. 

20 80 130 210 500 

Ask the students what the quotient would be if each 
of the numbers was divided by ten. Put these 
answers down as shown. 

20 80 130 210 500 
2 8 13 21 50 

Ask the student what the only difference is in the 

number after it has been divided by ten. (The zero 
is gone.) 

E. Ask the student where the decimal point would go 
in each of these numbers if we wished to put one 
in. (To the right of the number.) Place the 
decimal point to the right of each of the numbers 
as shown below. 

20. 
2. 

80. 
8. 

130. 
13. 

210. 
21. 

500. 
50. 
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Explain to the students that a whole number may 
be written with a zero to the right of the deci­
mal point and have the same value since a number 
like 21 could be written as 21.0 which would be 
read as twenty-one and zero tenths which is equal 
to twenty-one. Annex a zero to each of the 
quotients on the board as shown below. 

20. 
2.0 

80. 
8.0 

130. 
13.0 

210. 
21. 0 

500. 
50.0 

G. Ask the students what the difference is between 
the position of the decimal point in the original 
number and the decimal point in the quotient. 
(It has been moved one place to the left.) 

B. Ask students if they can 
divide a number by ten. 
one place to the left.) 

now tell an easy way to 
(Move the decimal point 

I. 

J. 

K. 

Put other multiples of ten on the board and have 
students show how they would divide the numbers 
by ten using the rule discovered. 

When students can do this procedure, put the fol­
lowing numbers on the board. 

31. 

Ask the 
rule to 
answers 

31. 
3.1 

52. 83. 78. 67. 

students how they might apply the 
divide the above numbers by ten. 
should be written as shown below. 

52. 
5.2 

83. 
8.3 

78. 
7.8 

67. 
6.7 

same 
The 

L. Then have the students apply the rule to divide the 

following numbers by ten. 

M. 

N. 

3.8 1.72 5.76 7.54 11.53 

Give further examples if necessary. 

Following completion of the preceding exercise, 
put the following numbers on the board. 

9, 7 I 5, 4, 8, 7 I 9, 1, 8, 2 

Ask the students how to find the average of these 
numbers. (Add the numbers and divide by ten.) 
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p· 

inding averages should not be difficult for the 
st

udents since they had experience in finding 
averages in grade four. If they have trouble, 
however, give them a simple example of finding 
an average before proceeding. 

When the process of finding an average has been 
e stablished, add the numbers in the following way. 

9 
7 

5 
4 
8 

7 
9 
l 
8 
2 

60 

]? • 
Ask students for a quick method of dividing by ten. 
(Move the decimal point one place to the left.) 

Q. 

R. 

s. 

Tell students that the following sets of numbers 
represent reaction times in several experiments. 
Tell them to find the average reaction time in 
each case. 

1) 9, 5, 6, 7, 8, 6, 4, 9, 2, 3 
2) • 6 I • 9 I • 7 I • 6 I • 6 I • 8 I • 9 I • 3 I . l, .2 

3) • 27 I . 19, .55, • 42 I .13, .22, .14, .21, .11, .16 

After doing the preceding problems and discussing 
them with the students, distribute the worksheet 
and have the students work on them while individual 
help is given. 

The work may be completed for homework and will be 
discussed in lesson VI. 



LESSON V 

FINDING AVERAGE REACTION TIME 

E'ina the 
average reaction time in each of the following 
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l) 
. 8' 

· 7 , .8, . 6, .6, .5, .8, .7, .9, .3 

2) 
·2, -6 5 

' · , . 4, .8, .3, .7, .6, .8, .1 

3) 
·21 

I • l8 I • 14 I • 2 0 I .1 7 I • 21, • 2 3 I • 2 5 I • 2 2 I • 15 

1) 
· 16 2 ' . 6' .34, .30, .25, .14, .23, .29, .17, .28 

----·· 
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TREATMENT A 

LESSON VI 

r. Ob· 

:r:r • 

Jectives--The student should be able to: 

Demonstrate 
followed b 
bv · Y 

.z 1.ndirect 

an experiment in which a sight stimulus is 
a response with the reaction time measured 
means. 

.Materials 

A. 

B. 

A. 

Six meter sticks 

Tally sheets 

:~t the following statements on the board 
e lesson. 

prior to 

S t atement 
St atement 
St atement 
statement 

statement 

I - -A large rock is laying on a road. 
II--A car is coming down the road. 

III--The driver sees the rock. 
IV--He turns the car to go around the 

rock. 
V--The car continues on its way. 

B. 
Ask students which statement contains the stimulus. 
(Irr.) 

c. 

D. 

E . 

F'. 

Ask students which statement contains the response. 
(IV.) 

Ask 
two 
and 

students the following question. "Between 
statements would the reaction time come"? 
IV.) 

.Make sure that students can identify stimulus, 
response, and reaction time before proceeding. 

what 
(III 

Review with the students the use of the chart and 
meter stick in measuring reaction time as well as 
the variables which must be taken into considera­
tion such as the method of dropping the stick, 

- ...... ___ _ 
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making sure that the subject is paying attention, 
and the prob l em of anticipation. 

G. Tell the students that al l of them will be partici­
pating in an experiment. Choose a student with 
whom you can demonstrate the procedure for the 
rest of the class. 

H . Pass out a worksheet to each of the students. Have 
a fascimile of the worksheet on the board. 

I. Perform the experiment with the student, filling 
in the chart on the board as the experiment pro­
gresses. 

J. When the chart has been completed, have the students 
find the average reaction time by adding the indi­
vidual react ion times and applying the rule for 
dividing by ten. 

K. Have the students round the average reaction time 
to hundredths. 

L. Discuss with students the general procedure used 
in the experiment. Make sure that topics such as 
readiness and anticipation are considered. 

M. Divide the class into six groups. Have one student 
drop the stick, one try to catch it, one record the 
times for the student catching the stick, and 
others acting as observers to determine that the 
procedure is fair. 

N. Give the students sufficient time for all of them 
to have an opportunity to catch the stick and have 
the results of their efforts recorded. 

0. Give students an additional two or three minutes to 
find the average time that they took. 

P. Ask the students to look at their charts and see if 
they can see any particular pattern to their times. 
(They may see that they improved their times as the 
experiment proceeded or that one time is either 
much greater or smaller than the others. Ask them 
to give possible reasons for these differences. 

Q. Tell students to keep these papers since they will 
b e use d again in a later lesson. 
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REACTION TIME 

TRIAL 

I 

II 

III 

IV 

V 

VI 

VI I 

VIII 

I X 

X 

TOTAL 

AVERAGE TIME 

AVERAGE TIME 
TO THE NEAREST 
HUNDREDTH 

TIME 

126 
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TREATMENT A 

LESSON VII 

I. Objectives--The student should be able to: 

A. Construct a number line. 

B. Construct a correspondence between the positive 
rational numbers in intervals of tenths or 
hundredths and points on the number line. 

C. Name and identify the vertical and horizontal axes 
a nd the origin. 

D. Construct the vertical axis , the horizontal axis, 
and the origin. 

E . Identify a point on a plane given axes and an 
ordered pair naming the point. 

II. Materials 

A. Graph paper 

B. Rulers 

c. Worksheet 

III. Vocabulary 

A. Vertical axis 

B. Horizontal axis 

C. Origin 

D. Ordered pair 

IV. Procedure 

A. Discuss the experiment done in lesson VI. Review 
with the students the differences found in per­
formance between the various trials and the reasons 
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for them such as practice effect, anticipation, 
attentiveness, and method of dropping the stick. 

B. Tell the students that it is often easier to see 
the difference in performance if they are shown 
on a graph. 

c. Discuss the types of graphs with which the students 
may be fami liar. They may have had some experience 
with bar graphs. Whether they have had experience 
with graphs or not, a review of the basic behaviors 
necessary for graphing will be undertaken. 

D. Ask a student to come to the board and draw a 
number line on the board. Have him show how he 
would place the set of numbers (O, 1, 2, 3, 4, 5) 
on the l ine. 

E. Have another student expand the number line to ten. 
Ask students how far the number line could be 
extended. (Indefinitely.) 

F. Put another number line on the board as shownbelow. 

0 1 2 

Ask the students how they would place the set of 
numbers (0.5, 0.9, 1.5, 1.7) on this number line. 
Assist students in this procedure if necessary. 
After completing this set, fill in all other units 
of tenths between O and 2. 

G. Using a number line set up in the following manner, 
have students find the set of points (0.01, 0.05, 
0.12, 0.16) 

0 0.1 0.2 

Following this procedure, fill in all units of 
hundr e dths between O and 0.2. 
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H. Te ll students that in order to construct graphs, 
it is necessary to use two rays placed in the 
following manner. 

I. Tell students the names of these lines. Label the 
horizonta l axis, the vertical axis, and the origin. 
Make sure that the students can identify these 
before proceeding. 

vertical 
axis --~> horizontal 

/ax is 

origin~------------:~ 

J. Pass out graph paper to the children and have them 
construct a s et of axes . Have them labe l the 
graph as shown below. 

10 

9 

8 

7 

6 

5 

4 

3 

2 

l 

(O, 0 ) 

l 2 3 4 5 6 7 8 9 10 
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Explain that the origin is represented by a pair 
of numbers in parentheses called an ordered pair. 
(Some students may already be familiar with 
ordered pair notation.) 

K. Explain that these pairs of numbers are called 
ordered pairs since the first number tells you 
how many spaces are moved to the right and the 
second number tells how spaces are moved upward 
from the horizontal axis. (NOTE: It is not 
necessary that the children state this procedure 
if they are able to demonstrate the procedure.) 

L. Ask students why they think the origin is repre­
sented by the ordered pair (0,0). (Because no 
spaces are moved to the right of the origin or 
up from the horizontal axis.) 

M. Ask students where the point would be on the plane 
that is represented by the ordered pair (5,2). 
Follow this by the ordered pair (2,5). Place these 
on the graph or have a student do it. Emphasize 
the importance of order in the procedure. 

N. Place the ordered pairs (3,7), (0,1), (5,8), (9,6), 
and (10,7) on the board and locate these points on 
the graph with student help. 

0. Give out the worksheet, 
the students begin work 
give i ndividual h elp. 

"Plotting Points," and have 
on it. Use this time to 

P. The worksheet may be completed at home and checked 
at the beginning of the next lesson . 



PLOTTING POINTS 

Directions : Construct a set of horizontal and vertical 

axes on your graph paper. Number from Oto 
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10 on the vertical axi s and from Oto 11 on 

the horizontal axis. Find the points repre­

sented by each ordered pair and connect the 

points by line segments as you find each point. 

( 3 f 2) 

(3 f 6) 

(7 I 10) 

(9,8) 

( 9, 9) 

(10, 9) 

(10,7) 

(11,6) 

( 11, 2) 

(8 f 2) 

(8 f 4) 

(6, 4) 

(6, 2) 

Finally, draw a line segment between (6,2) 

and (3,2). WHAT HAVE YOU DRAWN? 
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TREATMENT A 

LESSON VIII 

I- Objectives--The students should be able to: 

A. Name a point with an ordered pair of numbers 
given its position on a plane and a pair of axes. 

B. construct a graph using decimals to the nearest 
hundredths as coordinates. 

I Materials I . 

III. 

A. Graph paper 

B. Two worksheets 

Procedure 

A. Distribute worksheet I. The students will be 
expected to construct an ordered pair to repre­
sent each of the numbered points on the plane. 

B. Construct two or three of the ordered pairs with 
the help of the students. 

c. Have students complete the construction of the 
ordered pairs. About seven minutes should be 
sufficient time to complete this exercise. Give 
individual help while the students are working. 

D. Discuss the worksheet after students have com­
pleted this exercise . 

E. Tell students that in order to graph reaction 
times it will be necessary to construct graphs 
in which the coordinates are expressed in hun­
dredths. For this reason, we will practice 
constructing such graphs. 

F. Distribute graph paper to the students. At the 
same time, distribute worksheet II to the students. 
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G. Ask stude nts to look carefully at the ordered 
pairs on th e workshe et. 

H . Revi ew the me aning of the first and second 
me mbers o f the ordered pairs with the students. 

I . Ask the stude nts whether they can tell, just by 
l ooking a t the o rdered pair on the worksheet, 
the units that should be used as coordinates. 
(Hundredths. ) 

133 

J. Te ll the stude nts to look only at the first member 
o f each orde r e d pair. Ask them the highest number 
represent e d by a ny fir s t member. (0.13.) 

K. 

L. 

Ask 
set 
t h e 
from 

stude nts how knowing the highest number in the 
o f firs t memb ers wi ll h e lp them to construct 
graph . (The h or i zontal axis must be numb e red 

0 t o O. 13. ) 

By a 
0.21 

s i mi l ar p r o c e dure , h av e the stude nts identify 
as the l a rge st member of the set of second 

members o f o rde r e d pairs, r equiring the vertical 
axis t o b e numb e red from Oto 0.21. 

M. Have s t ud e nts cons truct the axes and p lace coordi­
nates from Oto 0. 13 o n the horizontal ax is and 
from O t o 0 .2 1 on the vertical axis. 

N. Re f erring t o the worksheet, ask a student to come 
t o the b oard a nd place the point repre sented by the 
order e d pair (0. 0 9 ,0 . 07) on a facsimile of the 
graph c onst r ucte d by the students. Have the stu­
dents p l a c e the point on their papers. Continue 
this p r oc e dure with successive points from the 
worksheet, joining them b y line segments as you 
p r o c eed. Construct as many points as you think 
n e c e s sary t o re inforce the procedure with the 
s tudents . 

0. Have s tudents c omple t e the graph, using this time 
to g i ve s tudents individual h e lp. 

P. Wh e n the s tudents have comple t e d this task, have 
them compare the ir e ffort with the graph supplied . 
Discu ss the i r g r aphs and have students offe r 
critic a l c omment s on the graph. 



CONSTRUCTI NG ORDERED PAI RS 

Construct ordered pairs on the space s provided below for 

e ach of the points shown on the graph. 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

( 0 I O) 

l) 

2) 

3 ) 

4 ) 

5 ) 

,i..1-

3 

7,, 

,o ,s 

4-

~ 

5 

If 

lt> 

g r3 

I 2.. 7 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13 ) 

14) 

15) 

134 
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GRAPHING ORDERED PAIRS OF DECIMALS 

Graph the following points and connect the points by a l ine 

segment as you find each point. 

(0.09 ,0.07) 

(0.06,0.04) 

(0.06,0.07) 

(0.08,0.08) 

(0.06,0.09) 

(0.06,0.10) 

(0.03,0.08) 

(0.06,0.12) 

(0.07,0.13) 

(0.06,0.13) 

(0 . 03,0.14) 

(0.06,0.15) 

( 0 • 08 I O • 21) 

(0.10,0.15) 

(0.13,0.14) 

(0.10,0.14) 

(0.10,0.09) 

Final ly, draw a line segment between (0.10,0.09) and 

(0.09,0.07). 
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TREATMENT A 

LESSON I X 

I . Obj ectiv es 

A. Construct orde r e d pairs of numbers from avai lable 
data. 

B. Construct graphs involving data accumulated from 
the exp e riments. 

c. De monstrate an experiment in which a sound stimulus 
is followe d by a response with the reaction time 
me asure d b y indire ct means. 

I I. Mat e rials 

I II. 

A. Graph p ap er 

B . Me t e r stick 

c. Blindfold 

Proce dure 

A. Ask students to place their data sheets from the 
exp e riment of lesson VI on their desks. 

B. Ask the m if they can think of a way to construct 
orde r e d pairs from the information on the data 
sheet. (Le t the fi r st member of the ordered pair 
b e a Roman numeral r epresenting a trial and the 
s e cond membe r b e a d e cimal numeral expre ssed in 
hundre dths r e p res e nting a r e action time.) 

C. If the students are unable to think of this method, 
us e the data she et o f a student in the class to 
c o nstruct the first ordered pair as an example and 
l e t the s tude nts prov ide the remaining ordered 
p a i r s. The n have students construct the ir own 
ordered p airs from t h ei r own d a t a sheets . 

D . Whe n a ll orde r e d pairs have been completed, ask the 
s tude nts how the s e ordered pairs could b e used to 
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construct a graph. (Put the Roman numerals from 
I to X on the horizontal axis and the reaction 
time s on the vertical axis.) 

E. Ask the students what units should be used on the 
vertica l axis. (Hundredths.) 

F . Ask the stude nts how they can determine how far 
th e y must number on the vertical axis. (It 
depends upon the largest number found in the 
r e action times.) NOTE: Students may need help 
in a r riv ing at this conclusion . 

G. Have the s tude nts construct the coordinate with 
y our guidance as you put a facsimile on the board. 
NOTE: It would be a good idea to have students 
place coordina t e s from Oto 0.30 on the vertical 
axis sinc e 0.29 is the limit on the chart used by 
th e s tude nts in performing the experiment. If you 
f ee l that it would not confuse the students, they 
could writ e e v e ry other coordinate. 

H . After the students have completed the axes, use 
the orde r e d pairs from the sample to begin the 
graphing proce dure. Connect the points by line 
s e gme nts as you proceed. 

I . Wh e n y ou have done two or three examples, have the 
students use their own ordered pairs to do their 
individual graphs. Give individual help during 
this time . 

J . Fo llowi ng comple tion of these tasks, discuss the 
gr aphs with the students in relation to improve­
me nt as the exp e riment progressed, attentiveness, 
and anticipation. 

K. Te ll the students that they have now completed an 
exp e rime nt in which the stimulus is a sight stimu­
lus since the student actually sees the stick being 
droppe d. 

L. As k the m what s e nses could provide a stimulus in 
addition t o sight. (He aring , touching, smelling, 
and t a sting. ) 

M. Discus s these with the students and ask them which 
o f the s e we might us e in an exp e rime nt similar to 
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the o n e c omp l e t e d . In the discussion, bring out 
th e inadvisabi l i t y o f using smell and taste as 
s t i muli i n thi s t yp e o f experime nt. Students 
s h ould b r ing out touch and hearing as the two 
sen ses tha t might b e used. 

N. Choos e the sound stimulus as the next stimulus on 
wh i ch t o base a n experiment. 

0. Ask s tude nt s h ow they might s e t up an experiment 
s i milar t o the p r evi ous exp e rime nt . The major 
diffe r e n c e s between thi s experiment and the 
pre viou s exper ime nt would b e : 
1 . I n o rde r f or the s ight stimulus to b e inacti­

vate d, t h e s ubj e c t must b e blindfolded. 
2 . Some s ound st i mulus must be used such as the 

word , "Now! " or , "Go ! " 
3. The p e rson d r opping the me t e r stick must b e 

s u r e t o r e l e a se the met e r stick and give the 
stimulus as clo s e l y as possible t o the same 
time. 

P . Put a d at a cha rt on the board similar to that 
g i v e n i n l e sson VI . Se l e ct a student to act a s 
a s ub j e ct. 

Q. Give the stude nt a f ew practice trials after 
blind f o lding him a nd the n give him ten trials 
h avi ng a n o ther stude nt r e c ord his times on the 
board . The s tude nts should be able to determine 
these time s by c ons ult i ng the ir c e ntime t e r-time 
c h a r t s . 

R . Add the time s a nd compute a n a verage time and the n 
construct the ord e r ed pairs with stude nt assistance. 

S. Us e the se ord ered pairs to c onstruct a graph of 
the results. Have th e stude nts give the method 
of p e rformi ng t his c ons truct i on . 

T . Te ll t h e s tude nts th a t they will conduct the 
e xpe rime nt themse lve s in the next l e sson . 
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TREATMENT A 

LESSON X 

I. Objective s--The students should be able to: 

A. Demonstra t e an experiment in which a sound stimulus 
i s f o llowe d by a response with the reaction time 
measured by indirect means. 

B . Constr uct orde r e d pairs of numbers from available 
dat a . 

C. Construct graphs involving data accumulated from 
the e xperime nts. 

II. Mat er i a l s 

III . 

A. Stude nt d a t a s h eets 

B. Six me t e r sticks 

C. Student p r oce dure shee ts 

D. Six blindfolds 

E. Gr aph p ap e r 

Pro c e dure 

A. Distribute the student procedure sheets and 
discuss the m. 

B . Di v ide the students into six groups. 

C. Allow t h e s tud e nts to p erform the experiments. 

D. Carry this procedure on to completion, covering 
a ll ite ms on the stude nt procedure sheets. 

E . Have t h e s tud ents c on s truct the graph and join 
the poin ts graphe d using a colore d p encil . 

F. Have them a l so g raph points from the experiment 
c ompleted in l e sson VI on the same graph using 



I 

I 

I 
l 

G. 

B. 
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a Pencil of a diffe rent color. This is done so 
th a t compar isons can be made between the two 
e ffort s in l e sson XI. 

If the stude nts do not complete these tasks after 
a r eas o n ab l e p e riod of time, the compl etion should 
b e a s s i g n e d for homework. 

Te ll the students that these results wil l be dis­
cusse d during the nex t lesson. 



1. 

2. 

3. 

4. 

s. 

6. 

7. 

STUDENT PROCEDURE SHEET 

Choose a student to drop the stick. 

Choose a student to catch the stick. 

Choose 
a student to act as a recorder. 

0th 
er students in the group will watch closely to 

make sure that the procedure is fair. 

Chang · 
e Jobs each time a student completes the trials. 

Give 
each student four practice trials and ten 

.tecorded trials. 

Obs 
ervers should help the recorder to compute the 

times from the h t centimeter-times ee. 
8. 

After 

9 

lo 

everyone in the group is finished, return to 

Your · 
s eat and compute your average reaction time. 

Compute the ordered pairs from your results. 

Construct a graph from the ordered pairs. 
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TRI AL 

I 

II 

I I I 

IV 

V 

VI 

VII 

VI II 

IX 

X 

TOTAL 

AVERAGE TI ME -

AVERAGE TIME 
TO THE NEARES T 

HUND REDTH 

TIME 
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TREATMENT A 

LESSON XI 

I. Objectives--The student should be able to: 

A. Construct exp lanations for reaction time patterns 
pictured o n a graph. 

B. Demonstrate a n experiment in which a touch stimulus 
is followed by a response with the reaction time 
measured by indirect means. 

II. Materials 

III. 

A. One meter stick 

B . One blindfold 

Procedure 

A. Have several students draw a crude line graph on 
the b oard representing their results of the 
previous exper iment. If possible, students could 
do a more accurate job on the graphs if time was 
available prior to the lesson. 

B. Us e these graphs as examples to discuss the results 
of the experiment. Have the students interpret 
these graphs in relation to practice effect, atten­
tive ness , dropping procedure, and anticipation. 

c. Fo llowing this proce dure, ask the students if they 
remember what s e nse we have not used experimentally 
that it was d e cided could be used. (Touch.) 

D . Develop, with the students, a format for doing an 
experime nt involving touch. 

E. Th e only n ew skill that is a cause of difficulty 
in this experime nt is the ability to touch the 
person and release the stick at the same time. 

F. When the procedur e has been agreed upon, have one 



I 

I 144 

student drop the stick, another catch the stick, 
and a third r e cord the results on the board as 
in pre vious e xperiments. 

G. After r e cording the data, have the students con­
struct ordered pairs from this data. 

H. Finally, have the students tell you the steps in 
constructing a graph of the data. 

I. Comple t e the graph on the board under student 
dire ction and then have the students interpret 
this graph. 



TREATMENT A 

LESSON XII 

I. Objectives--The student should be able to: 

Construct explana tions for reaction time patterns 
pictured on a graph. 

II. Materials--Student worksheet 

III. Procedure 

A. Distribute the worksheets. 

B. Allow students to work on the worksheets for as 
much time as you think necessary. The time 
required will vary according to the ability of 
th e class. 

c. Some individual h e lp may be given during the work 
period although the students should be encouraged 
t o work with as much independence as possible. 

D. Discuss the worksheet with the students stressing 
th e method us ed for computing the average, trials 
in which anticipation of the stimulus may have 
been a factor , th e e ffect of practice on reaction 
time and the role of attentiveness in any of the 
trials. 

E. Try to have students use the applicable vocabulary 
as much as possible and have them verbally con­
struct ordered pairs from the graph as they discuss 
particular points on the graph. 
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INTERPRETING GRAPHS 

1. Did A or B have the fastest reaction time? 

2. Did A or B have the slowest reaction time? 

3. What do you think may have caused the reaction time of 

Bin trial VI? 

4. What do you think may have caused the reaction time of 

A in trial IX? 

5. Demon strate how you would find A's average reaction time. 

6 . Demonstrate how you would find B's average reaction time. 

7. Who do you think showed the most improvement as the 

trials proceeded? Why? 
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Two students each took ten tr i a l s in an experiment invo l ving 

r e action time. The graph shows the results of the trials. 

Ex amine the graph carefully and the n answer the questions 

about the graph . 
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LESSON PLANS FOR TREATMENT B 



l. 

TREATMENT B 

LESSON I 

Obje t · c ives--The student should be able to: 

A. 

B. 

c. 

D. 

Name and identify decimal numbers expressed in 
t e nths and hundredths. 

Distinguish decimal numbers e xpre ssed in hundredths 
from decimal numbers expressed in tenths. 

Order decimals e xpresse d in tenths and hundredths. 

Demonstrate a procedure £or adding decimals. 

Ma t e r · 1 ia s--Worksheet 

Procedure 

A. 
Place the following fractions on the board and 
have the students read them: 

13 . 

c. 

D. 

--1 
10 

.2 
10 

__]_ 
10 

4 
10 

-2 
10 

_§_ 
10 

7 

10 

..Ji 
10 

9 
10 

9 
Show the students that the fraction 10 is written 

decimally as o. 9. Explain that this is read ''nine 
t e nths." Have students supply the proper decima l 
notation and names £or the remaining fractions. 

Explain that the decimal point separates whol e 
numb e rs f rom fractional numbers and give several 
example s. 

Put the fr action -12. on the board and ask students 
100 

if they can gue ss how this could be written as a 
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decimal. If 
to reinforce 
explain that 

they can, give several more examples 
t~~s ability. If they cannot, 

100 
may be written as 0.25 and then 

give othe r e x amples. 

E. As a n exercis e , have the following decimals on the 
b o ard. Have the students orally name these 
d e cimals. 

0.7 

0.16 

0.62 

0.53 

0.59 

0.9 

0.4 

1.7 

0.19 

0.97 

F. Afte r comple ting this exercise, ask students which 
of the numb e rs is the largest, the smallest. If 
they have any difficulty, explain to them that any 
whole number is larger than any decimal fraction 
l e ss than one and that by annexing a zero to a 
d e c i ma l expres s e d in tenths, the decimal may be 
e xpressed in hundredths. 

G. Wo rking with the students, arrange the preceding 
d e cima ls in ascending order. 

H. Fo llowing this, have students write the following 
numb e rs in ascending order. 

0.64 

0 . 58 

1.73 

0.9 

1.5 

0.97 

1.8 

0.89 

0.94 

0.15 

I . Go over this orde ring with the students to make 
sure that the y c a n perform the ordering procedure. 

J . The n, put th e following fractions on the board. 

3 
10 

2 
10 

1 
10 
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K. Ask the students what the sum of these fractions 
is and place the sum under the fractions as 
illustrate d b e low. 

L. 

M. 

N. 

0. 

P. 

_]_ 
10 

.i 
10 

_l_ 
_lQ_ 

6 
10 

Ask stude nts how each 
writte n as a decimal. 
trate d b e low. 

_]_ 
10 

.i 
10 

l 
10 

6 
10 

of the above fractions is 
Put these down as illus-

= • 3 

• 2 

= .1 

.6 

8 
Do a s imilar proce dure using the fractions 10 , 

5 6 
1 0 ' a nd 10 · 

Whe n you have done, in your judgment, an adequate 
numb e r o f illustrations, ask the students whether 
the y c a n see a pattern to how decimals are added. 
(Decimal points lined up and add as usual.) 

Using a similar procedure, do several additions 
invo l v ing hundredths . 

Dis t r ibute t h e wor ksheet; have the students begin 
it in class and assign the remaining problems for 
homework if insufficient time remains to complete 
the a s s ignme nt in class. 

Q. Di s cuss the worksheet at the beginning of lesson II . 
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ADDITION OF DECIMALS 

ADD THE FOLLOWING DECIMALS: 

l) 
• 2 2) 3) 

.26 
4) 

. 93 . 7 

. 6 .8 .71 .63 

.4 .6 .51 1.05 

. 3 1.4 .36 2.13 

ARRANGE THE FOLLOWING DECIMALS IN COLUMNS AND THEN ADD: 

5) 
0.1 + 0.6 + 0.5 + 0.9 6) 

0.53 + 0.74 + 0.86 + 0.52 

7) 
.84 + . 7 + .5 + 1.3 8) 

7 .32 + .58 + . 72 + .4 
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TREATMENT B 

LESSON II 

I. Obj e ct ives --The s tud ent should be able to: 

A. Appl y the r ule for rounding decimals to the 
nearest t e n t h . 

B. App l y the r ule fo r rounding de cimals to the 
n e are st h undr e d th. 

II . Mat eria l s --Worksh ee t 

III . Proc edure 

A. Pu t t h e fo llowing d e cimal numerals on the board 
prior to th e l e sson. 

0. 72 

3 . 72 

0 .6 

4 . 3 

0 .8 7 

0.5 

0 . 8 

0.7 

0.91 

0.03 

B. Discuss worksh ee t from the pre ceding day. 

C. Following t hi s , h ave the students name the numerals. 
It may be n e c essar y t o emphasize the f act that when 
a d e cimal numera l c ontains a whole number as in 
3 . 72 , the numera l is read three and s e venty-two 
h undredth s . 

D . Put th e fo llowing decimals on the board . 

0 .534 0 .832 0.756 0.842 0.973 

Ask the st udent s how they think 0.5 34 would be read 
a s a d e cima l . If they c a n read this one success­
f ully , h ave the m read th e r emaining numbers. If 
n e c e ssary, g i ve the s tud ents additi onal practice 
on r e a d ing the se n umer a ls b e f ore procee ding. 

E. Revi e w t h e r ul e f or rounding wh ol e numbe rs to the 
n e are st t e n a nd the ne arest hundred. Emphasize 
th e f a ct th a t t h e d i git i n the c o lumn to the right 
of t h e co lumn to b e round e d off d e t e rmine s whether 
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the digit in the column to be rounded stays the 
same or is raised by one. It is not necessary 
for the students to formally state the rule if 
they can perform the Erocedure. 
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F. Use the following method of presenting this topic: 

1. Put the following numerals on the board: 

57 62 93 79 41 

2. As k students what each of these numbers would 
b e rounded to the nearest ten. Ask them to 
explain in their own words how they determined 
the answer. (Number in the column to the 
right [units column] determines whether the 
digit in the tens column stays the same or is 
raised by one.) 

3 . Us e a similar procedure with the numbers below, 
r ounding to the nearest hundred. 

126 437 596 782 648 

G. Wh e n the rounding procedure has been reviewed suf­
fici e ntly for whole numbers, consider decimals to 
b e rounde d to the nearest tenth and to the nearest 
hundredth using the same methods. 

H. Th e following two sets of decimals may be used to 
t e ach the rounding procedure for tenths and 
hundredths. 

l) 0.63 0.87 0.56 0.94 0.98 

2) 0. 8 42 0.927 0.563 0.124 0.072 

r. Pa ss out the worksheet to students and allow them 

to work o n th em for the remainder of the period, 

using thi s time for giving individual help to the 

s tude nt s . 

J . The worksheet will be finished for homework i f 
time d oe s not remain in the period. 

K. Th e work s h e et will b e discussed at the beginning 
o f the next l e sson. 



11. 

ROUNDING DECIMALS 

l . 
Ro und the followi ng dec imals to the nearest tenth. 

Put y our answer in the space provided. 

1) 0 .72 

5) 0 - 6 7 

2 ) 0. 96 

6) 0.81 

3) 0. 05 4) l.44 

7) 0. 92 8) 2 . 99 

Round off the following decimals to the nearest 

hundre dth. Put y our answer in the space provided. 

l) 0 . 73 8 2) 0 . 972 3) 0 . 876 4) 5.731 

5 ) 0 . 996 6) 8. 898 7) 0.237 8) 0 . 94 7 
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TREATMENT B 

LESSON III 

Ob j e t . 
c lVes - - Th e students should be able to: 

A. 

13 . 

C. 

Apply the rule for dividing a number by ten. 

Appl y th e r ul e fo r finding the average of ten 
Wh o l e numbers t o on e de cimal place . 

Apply the r ul e for finding the average of ten 
d ecimal numbers. 

Mat · 
eria l s --workshe et 

Pr oce dure 

A. 

13. 

Discuss the worksheet that was distributed in 
l e ss on two. Spend as much time on the discussion 
a s y ou f eel necessary . 

Pollowing this discussion, place the following 
numbers on the board. 

20 80 130 210 500 
C. 

Ask th e stude nts what the quotient would be if 
each of the numbers was divided b y ten . Put these 
a nswe rs down as shown . 

D. 

E. 

20 
2 

80 
8 

130 
13 

210 
21 

500 
50 

Ask t h e student what the only difference is in the 
n umber a fter it has been divided by ten. (The 
Ze ro is gone .) 

Ask the students where the decimal point would go 
i n e ach of the se numbers if we wished to put one 
in . (To the right of the number.) Place the 
d e cima l point to the right of each of the numbers 
s h own b e l ow. 
20 . 
2 . 

8 0 . 
8 . 

13 0 . 
13 . 

210 . 
21. 

500. 
50. 
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F. 

G. 

H. 

I . 

J. 

K. 

L. 

M. 

N. 
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Expla~n to the students that a whole number may 
be written with a zero to the right of the deci­
mal point and have the same value since a number 
like 21 could be written as 21.0 which would be 
read as twenty-one and zero tenths which is equal 
to twenty-one. Annex a zero to each of the 
quotients on the board as shown below. 

20. 
2.0 

so. 
8.0 

130. 
13.0 

210. 
21.0 

soo. 
so.a 

Ask the students what the difference is between 
the position of the decimal point in the original 
number and the decimal point in the quotient. (It 

has been moved one place to the left.) 

now tell an easy way to 
(Move the decimal point Ask students if they can 

divide a number by ten. 
one place to the left.) 

Put other multiples of ten on the board and have 
students show how they would divide the numbers by 

ten using the rule discovered. 

When students can do this procedure, put the fol­

lowing numbers on the board. 
78-

31. 52. 33. 

Ask the 
rule to 
answers 

students hOW they might apply the same 
divide the above nurobers by ten. The 
should be written as shown below. 

31. 
3.1 

Then 
the 

3.8 

Give 

52. 
5.2 

have the 
following 

L 72 

further 

33. 
g.3 

students 
numbers 

5.76 

examples 

78. 
7.8 

apply 
by ten. 

the 

7.54 

rule to divide 

11. 53 

if necessary. 

d' g exercise, 

Following completion of the prece in 
put the following numbers on 

th
e boa

rd
. 

9, 7, 5, 4, 8, 7, 9, 1, 8, 2 
ge of these 

Ask the students bow to find the_avera ten.l 
numbers. (Add the numbers and d1v1de by 



P . 

Q. 

R. 

s. 
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Finding averages should not be difficult for 
~tudents since they had work in finding averages 
in grade four. If they have trouble, however, 
give them a simple example of finding an average 
before proceeding. 

o. When the process of finding an average has been 
established, add the numbers as shown below. 

9 

7 
5 

4 
8 
7 

9 
1 
8 
2 

60 

Ask students 
sum by ten. 
the left . ) 

for a quick method of dividing the 
(Move the decimal point one place to 

Find averages of the following sets of numbers. 

1) 9, 5, 6, 7, 8, 6, 4, 9, 2, 3 

2) • 6' . 9' . 7' .8, . 6, • 6 I . 8' . 9' • 3 I . 1, .2 

3) .27, . 18, .56, .42, .13, .22, 

After doing the preceding problems 
them with the students, distribute 
and have the students work on them 
Vidual help is given. 

.14, . 21, .11, 

and discussing 
the worksheet 
while indi-

for homework and will be 
The work may be completed 
discussed in the next lesson. 

.16 
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FINDING AVERAGES 

Pina th e averages of the following sets of numbers. 

l) • 8 / . 7 , .8, .6, .6, .5, .8, .7, .9, .3 

2) 
· 2 , .6, 5 6 8 1 • I .4, .8, .3, .7, • I • I • 

3) 
. 21, .18 

I • 14 / .20, .17, .21, .23, .25, .22, .15 

4) 
-16 

I - 26, .34, .30, .25, .14, .23, .29, .l
7

, ·
28 
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TREATMENT B 

LESSON IV 

Ob· 
Jectives--The student should be able to: 

A. 

B. 

Construct a correspondence between the positive 
rational numbers in intervals of tenths and 
hundredths and points on the number line. 

Construct a number line. 

160 

c. Name and identify the vertical and horizontal axes 
and the origin. 

D. Construct the vertical axis, the horizontal axis, 
and the origin. 

E. Identify a point on a plane given axes and an 
ordered pair naming the point. 

:r :r • 
Materials 

A. 

B. 

c. 

Graph paper 

Ruler 

Worksheet 

Vocabulary 

A. 

B. 

Vertical axis 

Horizontal axis 

C. 

D. 

Origin 

Ordered pair 

Procedure 

A. Discuss the types 
may be familiar. 
With bar graphs. 

h ' th which the students of grap s wi . 
h e had some experience They may av . 

Whether they have had experience 



E. 

B. 

c. 

D. 

With graphs or not, a review of the basic 
behaviors necessary for graphing will be 
Undertaken. 

Ask a student to come to the board and draw 
a number line on the board. Have him show how 
he would place the set of numbers (0, l, 2, 3, 
4 , 5) on the line. 

Have another student expand the number line to 
ten. Ask students how far the number line could 
be extended. (Indefinitely.) 

Put another number line on the board as shown 
below. 

0 l 2 

Ask the student how he would place the set of 
numbers (0.5, 0.9, l.2, l. 7) on this number line. 
Assist students in this procedure if necessary. 
After completing this set, fill in all other 
Units of tenths between O and 2. 

Using a number line constructed in the following 
manner, have students find the set of points 
(0.01, 0.05, 0.12, 0.16). 

0 0.1 0.2 

Fl f 'll i·n all units of 0 lowing this procedure, i 
hundredths between O and 0.2. 

F. Tell students that in order to construc~ graphs, 
it is necessary to use two rays placed in the 
following manner. 
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H. 

I. 
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Tell std th ~ ents the names of these 1· e horizontal . . ines. Label 
origin Mak axis, the vertical axis, and tbe 

t 

· e sure that the stud t hese befor . ens can identify 
e proceeding. 

vertical 
axis 4 f horizontal 

axis 

orig in v.__-----__;_---'-

n· 
istribute graph paper to the children and have 

th ns ruct a set of axes- Have them label 
e graph as shown on the following drawing. them co t 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

( 0 I O) 
'---+-_--1--1-----'--..J--_.il-----'--~_....1--'-__ _ 

1 2 3 4 5 6 7 8 9 10 

Explain that the origin is represented by a pair 
of numbers in parentheses called an ordered pair-

(Some students may already be familiar witb 

ordered pair notation.) 

Explain that these pairs of numbers are called 
ordered pairs since the first number tells you 
how many spaces are moved to the rigbt from the 
origin and the second number tells how many 
spa c e s are move d up from the horizontal axis-



J. 
~sk the students why they think that the origin 
ls represented by the ordered pair (0,0). 
(Because no spaces are moved to the right of 

the origin or up from the horizontal axis.) 
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R. 
Ask students where the point would be on the 
Plane that is represented by the ordered pair 
(S,2). Follow this by the ordered pair (2,5). 

L. 

M. 

N. 

Place these on the graph or have a student do 
it. Emphasize the importance of order in the 
Procedure. 

Place the ordered pairs (3,7), (0,1), (5,8), (9,6), 
and (10,7) on the board and locate these points 
0 n the graph with student help. 

Give out the worksheet, "Plotting Points," and 
have the students begin work on it. Give indi­
Vidual help at this time. 

The worksheet may be completed at home and checked 
at the beginning of the next lesson. 

... 



Direct ions : 

PLOTTING POINTS 

Const r uct a set of horizontal and vertical 

a xes on y our graph paper. Number from Oto 

10 on the vertical ax is and from Oto 11 on 

the horizontal ax is. Find the points repre­

sente d b y e ach ordered pair and connect the 

points b y line segments as you find each 

point. 

( 3, 2) 

(3, 6) 

(7, 10) 

(9,8) 

( 9, 9) 

(10, 9) 

(10,7) 

(11,6) 

(11,2) 

(8, 2) 

(8, 4) 

(6, 4) 

(6, 2) 

Finally , draw a line segment between (6,2) 

a d (3 2 ) fili_AT HAVE YOU DRAWN? n , . 
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II. 

III. 
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TREATMENT B 

LESSON V 

Objectives--The students should be able to: 

A. 

B. 

Name a point with an ordered pair of numbers given 
its position on a plane and a pair of axes. 

Construct a graph using decimals to the nearest 
hundredth as coordinates. 

Materials 

A. Graph paper 

B . Two worksh eets 

Procedure 

A. Distribute worksheet I. The students will be 
expecte d to construct an ordered pair to repre­
sent each of the numbered points on the plane. 

B. 

C. 

D. 

E. 

F. 

G. 

Construct two or three of the ordered pairs with 
th e h e lp of the students. 

Have students complete the construction of the 
ordered pairs. About seven minutes should be 
sufficie nt time to complete this exercise. Give 
individual h e lp while the students are working. 

Discuss the answers to the worksheet before pro­

ceeding. 

Distribute graph paper to the students. At the 
same time , distribute Worksheet II to the students. 

Ask stud e nts to l ook carefully at the ordered 
pairs on the worksheet. 

Review the me aning of the first and second members 
of the ordered pairs with the students. 



H. 

I . 

J. 

K. 

L. 

M. 

N. 

o. 
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Ask the students whether they can tell J·ust b 
looking t th . ' Y a e ordered pairs on the worksheet 

the units that should be used as coordinates ' 

(Hundredths.) · 

Te ll th e students to look only at the first 
of each ordered pair. Ask them the highest 
represented by a ny first member. (0.13.) 

member 
number 

Ask students bow knowing the highest number in the 
set of first members will help them to construct 
the graph. (The horizontal axis must be numbered 

from O to o .13.) 

By a similar procedure, have the students identify 
0.21 as the largest member of the set of second 
members of ordered pairs, requiring the vertical 

axis to be numb ered from Oto 0.21. 

Have students construct the axes and place coordi­
nates from o to 0.13 on the horizontal axis and 

from Oto 0.21 on the vertical axis. 

Re f err ing to the worksheet, ask a student to come 
t o the board and place the point represented by 
the ordered pair (Q.09,0,07) on a facsimile of the 
graph constructed by the students• Have tM 

st
u­

dent place the point on their pap~rs. continue 
this procedure with successive points from 

th
e 

worksh eet J·oining them by line segments as ~ou , · t you think 
proceed. construct as many poin s as . . the procedure with the 
necessary to reinforce 

students. h using thiS time 

Have stude nts complete the grap' 
to give students individual helP· 

1eted this task, have 
When the students have comP. h raph supplied. 
the m compare their effort wi

th 
t de gts offer criti-

D · d have stu en 
iscuss their graphs an 

c a l comments on the graph· 
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GRAPHING ORDERED PAIRS OF DEC I MALS 

Graph the fo llowing p oints a nd connect the points by a line 

segment as you find e ach point. 

(0.0 9 ,0.07) 

(0.06,0.04) 

(0.06,0.07) 

(0.08 , 0.08) 

(0.06,0.09) 

(0.06 , 0.10) 

(0.03,0.08) 

(0.06,0.12) 

( 0 • 07 I O • 13 ) 

(0.06,0.13) 

(0.03,0.14) 

(0.06,0.15) 

( 0 • 08 I O • 21 ) 

(0.10 , 0.15) 

(0.13,0.14) 

(0.10,0.14) 

(0.10,0.09) 

Finally , draw a l i n e segme nt b e tween (0.10,0.09) and 

(0 . 09 , 0 .07). 



CONSTRUCTING ORDERED PAI RS 

Construct ordered pairs on the spac es prov i ded b e l ow f o r 

each of the points s hown on t h e graph . 

15 

14 

13 

12 

11 

10 

(O, 0) 

9 

8 

7 

6 

5 

4 

3 

2 

1 

~ . 

~ 

~ 

~ 

,___ 

--
'---

3 

( 

11- 1 

1t.l 

'2-

,o 16 

4 

<l 

s 
I\ 

lo 

'b 13 

1 2 3 4 5 6 7 8 9 1 0 11 12 13 14 15 

l) ------ 6) 11) 
2) 

3) ------ 7 ) 12 ) 

4) ------- 8 ) 1 3 ) 

5) ------- 9 ) 14 ) 

------- 10) 15 ) 
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TREATMENT B 

LESSON VI 

I . Objectives--The student should be able to: 

A. Name and identify a response . 

B. Name and identify a stimulus. 

c. Distinguish a stimulus from a response. 

D. Name and identify a premature response as the 
result of anticipation. 

II. Materials 

A. New dollar bill 

B. Paper cut to dollar bill size 

III. Vocabulary words 

A. Stimulus 

B. Response 

C. Anticipation 

IV. Procedure 

A. Tell the students that you are going to show them 
an old trick. Have a student help. Have the stu­
d e nt hold his hand with the palm vertical and his 
thumb and forefinger approximately one inch apart. 

B. Place a new dollar bill between the student's thumb 
and forefinger so that the picture on the bill is 
b e twee n the thumb and forefinger. 

C. Explain to the class that it is very difficult to 
catch the bill when it is dropped unless one 
starts to grab for the bill before it is released. 



D. Be f ore demonstrating this procedure with the 
stu dent, expl ain t h at usually the person who 
is tryi ng t o c a tch the dolla r b i ll is told that 
h e c a n keep the b ill if he c a tches it. Empha­
s ize that th i s is not the case i n the coming 
demonstration. 

E. Drop the bi ll several t imes fo r the student. 
Te ll t h e s tud e nts t o obse r ve the proc edur e 
carefully . 

F. Ask wh at a c t c auses the student to grab f or the 
bi l l . (The s tudent grabs f or the b i ll when the 
bill is released by t h e t eacher .) 

G. Ask t he stude nts what happens when the b i ll is 
released . (Stude n t g rabs for the bill.) 
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H. The entire procedure invo l v e s, the r e f ore, t wo 
separate a c tions. What are t h ey ? (Teach er drop­
ping bil l , s tude nt g rabbing for b i l l . ) 

I. Exp l ain that in t h i s situation t h e droppi ng of the 
bill is called a sti mulus and t he student grabbing 
for the bill is cal led a response . Wr ite t h e wor ds 
stimulus a nd respons e on the board for f urther 
r eference. 

J. Give one o r two exampl es of sit uations i nvo l ving 
a stimulus and the response and t h e n l et stude nts 
volunteer similar s i t uat i ons. Have students 
identify the stimu lus a nd the respons e in each 
case. 

K. Divide the students i nt o groups of three or f our . 
Using paper cut to dollar bi l l size , h ave one d rop 
the pape r , anothe r act as the catcher , and the 
oth ers in the group act as observers . Positions 
may be rotated as the activity progre sses. Al l ow 
about s even minut e s for this act ivity . 

L. Following t h is activity , ask students i f any of 
the m we re ab l e to catch the bill. If the ans we r 
was y e s , ask ob serve rs if the student in question 
s t arte d h is r e sponse prior to the re l e a s e of the 
bill. 
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M. Explain that giving a p remature response is called 
an anticipat ion. Wr ite this word on the board 
a lso. 

N. Ask student s h ow l o ng they think it takes for the 
bill to drop t h rough one 's f i ngers. (Various 
guesses wi ll be mad e , b ut stude nts should see at 
this time that t hey h ave no method of me asuring 
the time lapse .) 

0. Te l l studen ts t h a t i n the next lesson, a method of 
determining short per i ods o f time will be con­
sidered. 

V . S ummary - - Using some situations involv ing stimulus and 
respons e , h ave s t u d e nts identify the stimulus and 
the response. 
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TREATMENT B 

LESSON VI I 

I. Obj e ct i v e s - -The student should be able to : 

A . Name an d ide ntify a centimeter. 

B. Name and i d e ntify reaction t i me. 

C. Name an d ide nt i fy an attention-getting procedure. 

D. Name and i d e ntify v ariables i n h uman sub j ect s and 
i n e x p e rimental procedures th a t must be c ontrol led 
t o comple t e a v alid ex p e riment . 

II . Materi a l s --me t e r s t i ck , React ion time chart 

III. Vocabulary 

A . Re action time 

B . Ce ntime t e r 

C. Atte nt ion-ge tting procedure 

IV. Proce d ure 

A. Pu t t h e fo llowing d r ill on the board. 

Wri t e the sente nce c onta ining the stimulus and 
t h e sent e n c e c on taining the r e sponse i n t he 
f o llowing : 

A b oy i s rid i ng a bic ycle down the street. 
He s ees a s t op sign. He puts the brakes 
on. Th e bicycle stops. 

B . A f t e r s t ud e nts h av e c ompl e t ed t h e drill , go ove r 
t h e d ri ll wi t h t h e s tud en t s i n or de r to de t e rmine 
th e ir abi l ity t o n ame and identi fy the stimulus. 
(He s ees a s t op sign ) and the res ponse (He puts 

the b rak es o n ) . 
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C. Ask students how long they think it would take 
the boy to brake his bicycle after seeing the 
stop sign. Again , as in the previous lesson, 
there will be difficulty in determining how long 
the action took wi th only guesses supplying the 
time s. This will l ead students to discover that 
a b e tter method of measuring the time must be 
found. 

D. Tell the students that the term "reaction time" 
will r efer to the interval of time between the 
stimulus a nd the response. 

E. Give s tude nts a copy of the chart provided. Tell 
th e m that a fairly accurate measure of reaction 
time may b e made by using this chart. 

F. Demonstrate with several pupils how to make use of 
the chart in measuring reaction time using the 
following procedure. 

Pl ace a pie c e of colored tape that the stu­
dents can see clearly at the 30 cm. mark on 
the stick. When performing the experiment, 
h ave the child hold his hand in the same 
posit i on as it was held when experimenting 
with the dollar bill. Place the meter stick 
b e tween h is thumb and forefinger with the 
tape at that point. When the stick is 
dropped and the child catches it, the scale 
o n the stick is read as the centimeter 
close st t o the chi ld's thumb. When thirty 
i s subtracte d from this number , the number 
of centimeters that it droppe d may be deter­
mined. By the n referring to the chart, the 
time e lapsed may be d e termined. 

G. Give a stude n t ten trials and have another student 
r e cord the r e action time on the board £or each 
trial. With experience , the child s hould improve , 
a lthough there is a psychol ogical limit below which 
h e canno t go . Distract the student at least once 
during t h e trials a nd drop the stick when he is 
unpre pare d. The stick will the n £all further than 
on pre vious trials . Ask students if this trial was 
a good me asure of his r eaction time . (No, since h e 
was n ot paying attention.) Ask how the student 
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might insure that the child pays attention while 
wai ting for the stimulus. (Give a warning by 
saying "ready " or some other attention-getting 
process.) 

H . To prevent children from anticipating the stimulus 
and grabbing the stick b e fore it is dropped, vary 
the period b e tween the warning and the dropping 
so that the child wi ll only respond when the stick 
is re l eased . 

I. Ask stude nts what things they have noticed in the 
trials that must b e done the same by all students 
to mak e sure that everyone gets a fair trial. 
List these on the board. They should include items 
like the fo l l owing : 

1. Student must be paying a ttention. 
2. Meter sticks shou ld be dropped, not pushed 

downward . 
3. Students must not anticipate the stimulus. 
4. Stude nts must have equal amounts of practice. 

J. Students may think of other considerations that 
should be liste d according to their merits. 

V. Summary 

Ask the fo llowi ng ques tions: 

1. How c a n we be sure that a person is ready for 
a trial? 

2. Wh a t is a react i on time? 
3. How can we stop a person from anticipating the 

re l ease of the stick? 
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CHART I 

DISTANCE AND TIME TO FALL FROM REST 

Ce ntime t e rs Sec o nds 

7 . 1 2 

8 . 13 

9 -1 0 .14 

11 . 15 

1 2 - 1 3 . 16 

14 - 15 .17 

1 6 . 18 

1 7 - 18 . 19 

1 9 - 20 .20 

2 1 -22 .21 

23 - 24 .22 

25 - 2 7 .23 

28 - 29 .24 

30 - 3 1 .25 

32 - 34 .26 

35 - 3 7 .27 

38 - 39 .28 

40 .29 
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TREATMENT B 

LESSON VIII 

I. Object ives - -The s tudent should be able to: 

Demonstrate an experiment in which a sight stimulus is 
followed by a respons e with the reaction time measured 
by indirect means. 

II . Material s 

III . 

A. Six me t e r sticks 

B . Tally sheets 

Procedure 

A. Put the fo llowing stateme nts on the board prior to 
the lesson. 

State me nt I--A large rock is laying on a road. 
Statement II--A car is coming down the road. 
Statemen t III--The driver sees the rock. 
State me nt IV--He turns the car to go around the 

rock. 
Stateme nt V--The car continues on its way. 

B. Ask students which statement contains the stimulus. 
(III .) 

C. Ask students wh ich statement contains the response. 
(IV. ) 

D. Ask students the fo llowing que stion: ''Between what 
two s t ateme nts dOU l d the react ion time come?" (III 
and IV.) 

E. Make sure that students can identify stimulus, 
response , a nd reaction time before procee ding. 

F. Review with the students the use of the chart and 
me t er s tick in measuring reaction time as well as 
th e variab l es which must be take n into consideration 
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s uch a s the me thod of dropping the stick, making 
s u re th a t the subj ect is paying attention, and 
t h e problem o f anticipation. 

G. Te ll the s tude nts that a ll of them will be partici­
pating in a n exper iment. Choose a student with 
wh om you can demonstrat e the proce dure for the 
res t o f the clas s. 

H. Pass o u t a work s h eet t o each of the students. 
Have a fac simile o f the worksheet on the board. 

I . Perform th e exp e rime nt with the student, filling 
i n t h e ch ar t o n the b o a rd as the experiment 
progresses. 

J. Wh e n the char t has been completed, have the stu­
d e nt s f ind the average r e action time by adding the 
individu a l r eaction times and app l ying the rule 
for divi d i ng by t e n. 

K. Have the s tude nts r ound the average reaction time 
to hundredths . 

L. Disc u ss wi th stude nts the g e neral procedure used 
i n the experime nt. Make sure that topics such as 
readiness a nd a nticipation are considered. 

M. Divid e t h e clas s into six groups. Have one student 
drop t h e s tick, one try to catch it, one record 
the times for the student catching the stick, and 
oth ers a ct i ng a s obs e r vers to determine that the 
proc edu re is fai r . 

N. Give t h e stude nt s s uff i cie nt time for all of them 
t o h ave a n opportunity to catch the stick and have 
the results o f the ir e fforts recorded. 

0. Give s tude nt s a n additional two or three minutes 
to fi nd the average time that they took. 

P. Ask t h e s tudent s t o look at the ir charts and see 
i f they c a n see a ny particular pattern to their 
t i mes . (Th ey may s ee that the y improved their 
t i mes as t he exper ime nt procee ded or that one time 
is eith er mu ch greater or smalle r than the others. 
Ask the m to give possible r e asons for these dif­
ferences. ) 



Q . Tell students t o keep these papers since they 
wi ll be used again in a later lesson. 
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REACTION TIME 

TRIAL 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

I X 

X 

TOTAL 

AVERAGE TIME 

AVERAGE TIME 
TO THE NEAREST 

HUNDREDTH 

TIME 

17 9 



TREATMENT B 

LESSONS I X THROUGH XII 

Le ssons I X, X, XI, and XII are exactly the same as 

th e l e ss ons of the same numb e r in Treatment A. 
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APPENDIX E 

THE ACHIEVEMENT MEASURE WITH 

ACCOMPANYING TEST GUIDE 



TESTING DIRECTIONS 

1. Place a sign on the classroom door which says, "TESTING, 

PLEASE DO NOT DISTURB." 

2. Make sure that each student has a pencil and ruler. 

3. Distribute one piece of scratch paper to each student. 

4. Te ll students, "I AM GOING TO DISTRIBUTE THE TEST . 

PLEASE DO NOT LOOK AT THE TEST OR OPEN THE TEST UNTIL 

I TELL YOU TO BEGIN." 

5. Distribut e the tests. 

6. Say to the students, "WRITE YOUR NAME AND MY NAME ON THE 

TEST BOOKLET IN THE SPACES PROVIDED." 

7. Say to the students, "YOU WILL BE GIVEN PLENTY OF TIME 

TO FINISH THE TEST. WORK STEADILY, BUT CAREFULLY. DO 

NOT HURRY! IF YOU FINISH BEFORE TIME IS UP, YOU MAY READ 

A LIBRARY BOOK FOR THE REMAINDER OF THE TESTING TIME . 

8. Say to the s tudents, "DO NOT DO QUESTIONS ONE AND TWO. 

FOLLOW THE DIRECTIONS FOR EACH OF THE QUESTIONS CAREFULLY. 

START WITH QUESTION III. YOU MAY BEGIN! 

9. Answer no questions as the test proceeds. 

10 . At the end of 75 minutes, say, "STOP! PUT YOUR PENCILS 

DOWN. DO NOT WRITE ANOTHER WORD. CLOSE YOUR TEST BOOK­

LET AND PUT IT AT THE UPPER LEFT HAND CORNER OF YOUR DESK. 

11 . Collect the tests and then collect the scratch paper. 

Throw the scratch paper away. 
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MEASURE II 

STUDENT Is NAME 

TEACHER 'S NAME 



ANSWER THE FOLLOWI NG QUESTIONS USING THE 

SPACE PROVIDED 

1 . 'I'he me tric measurement that your t eacher is 

illustrating is called a 

2. Wh a t unit in the metric sys t em is larger than a 

mi llime t er and smaller than a meter? 

3 . Construct a number line and show how you would place 

the numbers Oto 5 on the line . 

4 . The decima l 0.31 is read 

5 . The d e cimal 0.6 is read 

6 . The decima l express ion for seven t enths is: 

a . 0. 70 

b. 7. 0 

c. 0.07 

d. 0. 7 

7 . Th e decimal expression for fifty-seven hundredths is: 

a. 5. 7 

b. 0.57 

c. 0.057 

d. 5 7 00 
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8. Given the decimals O,l,2,0.l,0.2,0.3,0.4,l.3,l.7,l.9 

and the number line. 

2 1 0 

Finish connecting the points on the number line to the 

decimals. 

9. Given the decimals 0.42, 0.53, 0.59, 0.60, and 0.46 

and the number line. l 
0.4 0.5 0.6 

Finish connecting the points on the number line 

to d e cimals. 

10. Order the following decimals from smallest to largest. 

1.4 0.4 0.8 0.1 1.3 0.5 

smallest __ largest 

11. Order the following decimals from smallest to largest. 

2.30 0.23 0.26 0.16 0.57 0.03 

smallest __ largest 

12. Place a circle around the decimals that are expressed 

in tenths. 

0.73 0.7 0.50 0.8 3. 7 0.07 



13. In the following drawing, the horizontal axis is 

labeled the vertical axis is labeled 

and the origin is labeled 

a ~ 

J 
C 

14. Given the decimals .24, .56, .30, .72, and .16, 

show how you would find their sum. 

15. Given the decimals .6, .8, .9, .2, .7, and .8, 

show how you would find their sum. 

16. Cons truct a pair of axes. Show the horizontal axis, 

the vertical axis, and the origin. 
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17. In the space provided, round the following numbers 

to the nearest tenth. 

a. .53 b. 2.75 c. .88 d. 1.97 
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- - - - -

Read the following paragraph and then answer the 

questions. Circle the correct answers. 

1. A man is driving a car down a road. 

2. He sees another car coming out of a side street. 

3. He puts hi s foot on the b r ake. 

4. The car stops. 

18. The stimulus in this situation appears in: 

a. Sta t e me nt l 

b. Statement 2 

c. Statement 3 

d. Statement 4 

19 . The response in this situation appears in: 

a . State me nt l 

b. Stateme nt 2 

c. State me nt 3 

d. State me nt 4 



20 . The man ' s reaction time is th e amount of time 

betwee n: 

a. Statements 1 and 2 

b . Statements 2 and 3 

c . Statements 3 and 4 

d. Statements 2 a nd 4 

21 . Name the stimulus. 

2 2 . Name the r esponse. 

23 . Show , by drawing an arrow , how you would divide the 

numbers below by ten. Then wri t e the answers in the 

spaces provided. 

a . 3 .85 

b. 21.4 

C. 4. 7 

24 . In the spaces provided , round the following numbers 

to the neares t hundredth. 

a . . 583 b . . 943 c. . 955 d . .706 

-
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Re ad t h e fo llowin g sta t eme n t s. Put a n "S" nex t to the 

stateme nt contain i ng th e stimu lus a nd a n "R" nex t t o 

th e statement cont ain i ng the r e sponse . 

A boy wa lks into t he kitch e n . 

He sme ll s s omething c ooking. 

He l ift s t h e t op from the p ot. 

He replac es th e lid. 

A boy was doi ng a n experime nt that had t e n t r ials. On 

th e fou r th tr i a l, his r eaction time was much less than 

o n any oth e r trial. This may b e due t o: (Ci r cle one) 

a . b e ing ready for t h e stimulus 

b . practi c e 

c . a nt i cipating th e stimulu s 

When a person a ntic ipat e s a stimu lus, his reaction 

time wi ll prob ab l y be : (C i rc l e o ne ) 

a . about t h e same as his average time 

b. much l ess than his aver a g e time 

C. muc h more th a n h i s a verage t ime 

An attention-get t i ng proc e dur e is us e d t o : (Circle on e ) 

a. k eep a stude n t from responding t oo fas t 

b . make s u re th e s tude nt stands straight 

c. make s u r e that a s tud e nt is ready fo r the t r ial 



29. On the graph below, place the points that are 

represented by the pairs of numbers (2, 3 ), (4,2), 

and (1, 5) . 

5 

4 

3 

2 

1 1---+-+--+---1----,f---

( 0 I O) 
1 2 3 4 5 

30. Show how you wou l d find the average of the following 

numbers. 6,4, 7, 8 ,5,7, 6,9 , 8, lO 
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31. Name each of the points on the graph using an ordered 

pair of numbers. 

5 

4 

3 

2 

1 

( 0 I O) 

b 

Q 

C, 

1 2 3 4 5 

a . 

b. 

c. 



32. Using the graph below, find the points corresponding 

to each ordered pair and connect the points by line 

segments. 

(.01, .04) , (.02, .03) , (.03, 0) , (.05, .03) 

. 05 

.04 

. 03 

.02 

.01 

(0.0) 
.01 .02 .03 .04 .05 

33. Show how you would find the average of the following 

numbers . 

. 26, .23, .37, .84, .56, .21, .42, .33, .88, .42 

34. An attention-getting procedure might be: 

a. saying the word "ready" after the stimulus 

b. saying the word "ready" before the stimulus 

c. saying the word "ready" after the response 
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35 . Name four things that you would c ont r ol ve r y carefully 

to make sure that an experiment i s fair. 

1 . 

2 • 

3 • 

4 . 

36 . From the following list , circle the i t e ms that you 

would contro l to make sure tha t an exp e riment is fair. 

a . t e mpe rature of the room 

b. order in which the student s do the experiment 

c . attention of the student 

d . anticipation of the stimu l us 

e . practice 

f . anticipation of the respons e 

g . what the students had for b reakfast 

h . how the stick is dropped 



,...... ___________ __ 

37. On the next page, you will find twelve pictures 

showing how an experiment on reaction time is done. 

The pictures are not in order. In the spaces that 

are provided below, put the numbers of the pictures 

in the proper order. 
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.-----==========-------, .--------------
1 2 

You check how 
long it takes . 

r~ 11 w 1 1 w w w w 1 1 
1 2 3 4 5 6 7 8 9 10 

3 

5 

7 

Stand in a r ow 
facing me. 

You make sure nobody 
touches a shoulder 
t oo soon . 

How long did it take? · 

9 When you feel "9" 
touch your shoulder, 
s a y, " STOP". 

11 

fnn niw~o 
. l 2 3 4 5 6 7 8 9 10 

When I say " GO" 
touch " 2 's" 
shoulder. 

'.HHH111n 
1 2 3 A 5 6 7 8 9 10 . 

4 

6 

1 2 3 4 5 6 7 8 9 10 

When t he person behind you 
touches you on the shoulder, 
you touch the person in front J 

of you on the shoulder. 

jjjj}jjjjj 
1 2 3 4 5 6 7 8 9 10 

(__EVERYBODY READY0 

fnHHHHJi 
8 

10 

12 

What i s the average 
time for each pupil? 

0 .6 of a second . 
. 6. 
V 

Have any of you tried 
this before ? 

jjjjjjjjjf 
1 2 3 4 5 6 7 8 9 10 



38. On the chart below are results from an experiment on 

reaction time. Construct ordered pairs from this 

information that you could use to construct a graph. 

TRIAL 

I 

II 

III 

IV 

V 

REACTION TIME IN SECONDS 

.27 

.26 

.22 

.19 

.20 
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3 9 • In a certain experiment involv i ng reaction time, the 

average time for ten groups was as follows: 

GROUP REACTION TIME I N SECONDS 

I .18 

II .14 

III .22 

IV .20 

V .09 

VI .16 

VII .21 

VIII 
.11 

.14 
IX 

.10 
X 

Graph · on t h e graph p r ov ided below. t h is information 

- 06 
. 04 
. 02 

0 

-
-

---
~ 

--
_ e----, __ 
~ 
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40. Read the following graph representing the results of 

an experiment and answer the questions below the 

graph. It involves one boy doing ten trials. 

Time in 

seconds 

1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 

( 0, 0) 

~ II 

Jr\ 
/ \ 

\ 
\ 
~ 

../ \. / 
\ / 

\ V 

~ 

I II III IV V VI VII VIII IX X 

A. What was the boy's lowest reaction time? 

B. What was the boy's highest reaction time? 

c. What was the average reaction time for the boy 

on the ten trials? 

D. What may have happened on trial V? 

E. What may have happened on trial VIII? 
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F. From the graph, does it look like the boy was 

improving as he performed the trials? WHY? 

41. Look at the following drawing. Write the name of each 

part in the space provided. 

b~ 

c-z;r 

J 
a 

The part labeled a lS usually 

called the 

The part labeled b is usually 

called the 

The part labeled c is usually 

called the 
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THE GROUP 
MEANS FOR pQSTTEST 1 (MATHEMATICS) 
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TABLE IX 

THE GROUP MEANS FOR POSTTEST I (MATHEMATICS) 

Treatment A Mean Treatment B Mean 

Al 22.2 Bl 18.3 

A2 22.9 B2 23.0 

A3 20.8 B3 18.3 

A4 23.6 B4 17.0 

AS 24.5 BS 21. 3 

A6 20.7 B6 18.5 

A7 22.0 B7 23.3 

A8 23.6 B8 20.5 

Ag 21.0 Bg 22.8 

AlO 21.3 BlO 16. 9 

All 19.6 Bll 16.3 

Al2 17. 9 Bl2 15.6 

Al3 16.4 Bl3 18.4 

Al4 20.8 Bl4 18.3 

Al5 22.6 Bl5 22.1 
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APPEND IX G 

THE G 
ROUP MEANS FOR posTTEST II (MATHEMATICS I 



TABLE X 

THE GROUP MEANS FOR POSTTEST II (MATHEMATICS) 

Treatment A Mean Treatment B Mean 

Al 21.3 Bl 17. 2 

A2 22.7 B2 22.4 

A3 18.0 B3 16 .1 

A4 22.9 B4 13.7 

A5 23.3 B5 20.3 

A6 19.8 B6 15.7 

A7 19.4 B7 23.1 

A8 23.4 B8 18.4 

Ag 20.0 Bg 22.3 

AlO 20.2 BlO 13.7 

All 16. 9 Bll 13 .4 

Al2 16.8 Bl2 12.2 

Al3 13.3 Bl3 14.4 

Al4 18.9 Bl4 15.6 

Al5 22.1 Bl5 21. 0 
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APPENDIX H 

THE GROUP MEANS FOR POSTTEST I (SCIENCE) 

1 



-----
TABLE XI 

THE GROUP MEANS FOR POSTTEST I (SCIENCE) 
-

~ 

Tre t a me nt A Mean 
Treatment B Mean 

9.0 

A 
1 9 . 8 

Bl 
12.1 

A 
2 11. 6 

B2 
s.s 

A 
3 8 .1 

B3 
9.7 

A 
4 11. 7 

B4 
9.3 

A 
B5 

5 11. 5 7.8 

A 
6 

8 .7 
B6 

A 
B7 

11.0 

7 11.1 

A 
Bg 

9.3 

8 
12.s 

A 
B9 

11.l 

9 9 .5 

A 
B10 

7.3 

10 10.7 

A 
Bll 

7.3 

11 9 . 3 

A 

7.6 

1 2 8 . 8 
Bl2 

A 

7.6 

13 6 . 6 
Bl3 

A 

9.6 

14 9 .1 
Bl4 

11.l 

B15 
A 

l s s .1 



APPENDIX I 

THE GROUP MEANS FOR POSTTEST II (SCIENCE) 



TABLE XII 

THE GROUP MEANS FOR POSTTEST II (SCIENCE) 

Treatment A Mean Treatment B Mean 

Al 9.7 Bl 8.8 

A2 11.5 B2 12.4 

A3 7.7 B3 7 . 8 

A4 12.3 B4 9.1 

AS 11.8 BS 10.3 

A6 8.6 B6 7.2 

A7 11. 7 B7 11.5 

A8 12.8 B8 9.1 

Ag 9.5 Bg 11.8 

AlO 
10.0 BlO 6.2 

All 
8.7 Bll 5.1 

Al2 8.1 Bl2 7.2 

Al3 
6.0 Bl3 6.0 

Al4 8.0 Bl4 8.1 

Al5 8.8 Bl5 9.1 
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