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ABSTRACT 

Mathematics presents a stumbling block to many 

students, particularly those majoring in scientific 

fields, business administration, or elementary 

education. Improvement of student achievement in 

mathematics at the lower division college level is 

needed. 

Seven instructional methods were investigated 

in terms of student achievement: programmed 

instruction (P.I.), individualized instruction (1.1.), 

computer based instruction (CBI), laboratory and 

discovery methods (Lab), television (TV), audio

tutorial (A-T), and tutoring. The research questions 

were: 

1) What is the relative effectiveness of the innova

tive instructional methods 8S measured by student 

achievement and compared to the traditional lecture 

method? 

2) What is the relative effectiveness of the 

innovative instructional methods on students of 

differing ability and course levels. 

3) What is the effectiveness of co:nbinations of the 

innovative instructional methods? 

xvi 
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A meta-analytical approach was used. Studies 

comparing an innovative method to the lecture or to 

another innovative method were located, and the summary 

data in each were used to calculate an "effect sizell--a 

standardized measure of the effectiveness of the 

innovative method--to which statistical procedures were 

applied. 

The meta-analysis found that 

1) Relative to the lecture method, six of the 

innovative methods produced a positive effect on 

student achievement. The ranking of the methods in 

order of decreasing effectivenei9s was: tutoring, CAl, 

A-T, 1.1., P.I., Lab, TV. 

2) The most effective methods by level of course were: 

a) Precalculus level: CAl, A-T, and tutoring; 

b) Calculus level: tutoring, I. I. , P.I. and A-T; 

c) Foundations of Mathematics (elementary 

education majors): P. I.; Descriptive Geometry: TV. 

The most effective methods by ability level of 

the student were: 

a) High ability: CAl and Lab) 

b) Middle ability: CAl, I.!., and P.I.; 

c) Low ability: P.I. and A-T. 

3) The lack of empirical studies prevent a 

determination of the relative effectiveness of 

combinations of the innovative methods. 



Recommendations include the following; 

(1) Variation of instructional methods; 

xviii 

(2) Incorporation of specific, effective elements of 

innovative methods into the lower division college 

mathematics instructor's repertoire; and 

(3) Empirical investigation of the effectiveness of 

combinations of methods and of various instructional 

methods on students of different ability levels. 



CHAPTER I 

INTRODUCTION 

The ideal learning situation has been proposed 

by Hopkins in an earlier age--it consists of "a student 

one end of a log and a teacher on the other" 

(Postlethwait 1974, p. 199)--provided, of course, that 

the teacher has the background, skills, and materials 

to present the ic:!eas. In this one-to-one situation, 

the student responds to each idea presented and works 

at his own pace while the teacher has a continual check 

his progress. Most important, the student learns. 

One of the accepted definitions in education is 

that learning is a change brought about in the learner, 

that learning is something done .!!..I the learner, not ~ 

the learner. Teaching is arranging the conditions 

which expedite learning. Since each student has a 

unique history of learning experiences, to be 

efficient, instruction must be tailored to fit the 

student's background (Nuthall and Snook 1973, pp. 

55-56). Bruner's well-!tnown thesis that "any subject 

can be taught effectively in some intellectually honest 



form to any child at any stage of development" provides 

the license for educators to hunt for the most 

appropriate form of instruction (Bruner 1963, p.33). 

The innovative teaching methods of recent years are 

attempts to do precisely that. 

The usual pedogogical technique since the 

emergence of the university has been the group lecture. 

In that respect, perhaps, not much has changed in the 

past nine centuries. Of course, exceptions did and do 

exist. Socrates, prior to 400 B.C., usei skillful 

questioning to bring his students to an understanding 

of concepts. Comenius, 500 years ago, attempted to 

specify a kind of eduation in which the student would 

be active, c6using lithe student to learn more and the 

teacher to teach less" (Schramm 1962a, p. 18). Spencer 

was quoted a century ago 

should be told as little 

having said that the "child 

possible, and induced to 

discover as much as possible" (Swett 1880, p.6). 

"Although little support csn be found for a 

method of teaching • which features telling, 

showing, describing, and illustrating, this method is 

widely used" (Thiele 1954, p. 6), and in fact, 

lecturing is still the most prevalent instructional 

method in colleges and universities. The philosophical 

basis is that teaching is the transmission of knowledge 

fro1ll the expert in the academic discipline to the 



novice, that is, the student. If words can transmit 

the knowledge, then the direct telling of information, 

it is agreed, whether through a face-to-face lecture in 

a typical classroom or large aSRembly hall, or via 

television or video tapes, is the most efficient 

procedure. However, in 1886, White stated in a book 

pedagogy that "It (knowledge) can not be transferred 

from the teacher's mind to the pupil's by words" (White 

1886, p.113). Further, Paul Cameron concluded from 

studies that at any given moment, lecturing commands 

attention of only 12% of the audience (Postlethwait, 

Novak, and Murray 1969, p. 1). The assumption, of 

course, is that all students can and will learn at the 

same pace and by the same means regardless of their 

academic and cultural backgrounds. B. F. Skinner, a 

leader in one of the instructional innovations, refutes 

that assur.'Iption and states that IIholding students 

together for instructional purposes in a class is 

probably the greatest source of inefficiency in 

education" (Skinner 1961, p.387). 

Educa tionA I s ys tems have under gone changes and, 

in fact, four IIrevolutionsll have been identified as 

follows: 

1) The first revolution was the societal 

differentiation of adult roles when the task of 



educating youth was partially shifted from the parents 

in the home to the teachers in the school. 

2) The second, which in some places preceded the 

first, was the adoption of the written word 

educational tool. Prior to that time, oral instruction 

prevai led. 

3) The third was the wide availability of books due to 

the invention of the printing press. 

4) The fourth revolution was the introduction of 

electronics: radio, television, audio- and 

video-tapes, handheld calculators, and computers 

(Ashby 1967, 1'p.359-361). 

Most likely each of these revolutions impacted 

education gradually. Certainly the benefits of 

printing were not realized instantaneously, and in 

fact, 

When the American colonies first began to 
offer what was then called higher education, 
one of the rarest possessions was a book, and 
a library was even rarer. So they built a 
building, a schoolroom--to protect the people 
from the New England environment, to house the 
few simple teaching aids they had, to provide 
a place for a teacher to tell students what he 
had read in the book he happened to own (Hull 
1962, p. 11). 

In the early days, the Dartmouth library was open only 

one hour every two weeks and only five students were 

admitted at a time. Freshmen were allowed to check out 

one book, sophomores and juniors, two, and seniors, 



three books a t a time (Eurich 1969, p. 6). Thus was 

the classroom-teacher-library pattern of education 

established. However, the requirement that students 

attend classes to have a textbook read to them or 

summarized for them tends to ignore the benefits of the 

third and fourth revolutions. 

The population explosion and aceompanying teacher 

shortage following World War II required of 

mass education. The thrust of a college education for 

all who could benefit, the increase in the number of 

open door community colleges, and need of extensive 

retraining due to the electronics era and the ensuing 

automation in the workplace all contributed to 

increased enrollments in higher education and greater 

heterogeniety of the student body. The community 

college philosophy to "take a student from where he is 

to where he wants to go" educationally implies the 

individualization of instruction and of educational 

programs. During the last two to three decades a 

considerable amount of research has been performed 

concerning instructional methods of which many are 

geared to individualized learning .• 



Definitions 

~Z.!!!!:.!_£!!!..!: A regular ~lass is any class for which 

students register at a two year four year college 

university. The class may be a credit or non-credit 

course, mayor may not count towards graduation, and 

the grade mayor may not be computed into the student I s 

grade point average. 

~~~.!._Divi.!i£E._~.!..!~!!!.!.!i£!..-~~.!~: A lower division 

mathematics course is a college course in mathematics 

at a remedial, freshman, or sophomore level. The 

following courses are included: basic mathematics, 

arithmetic, and foundations of mathematics; business 

mathematics; beginning, intermediate, and college 

algebra; trigonometry; introductory probability and 

statistics; calculus; finite mathematics; descriptive 

geometry; and elementary differential equations. 

1!£'!~.!.~_!i!.!!l£.!!: A lecture is an oral tranmission of 

knowledge from the expert, the teacher, to the novice, 

the student. Lecturing may include 

demonstrations, student recitation, and questioning. 

f.!.£8..!..!!!= A program is the strategy which provides the 

steps in a learning process. 

Progr!!!!!!~~Instr~ction= Programmed instruction is the 

type of learning experience in which a program serves 



as the teacher in guiding the student to obtain the 

desired knowledge. 

Line.!Ll!.ogram: A linear or constructed .. response 

program is an ordered sequence of short learning steps 

called "frames." Each frame requires a student 

response, provides immediate reinforcement, and allows 

for a very low response error rate. 

!!.!!!.£!!.!.!!.LJ~.!.!!.iE!!!!: A branching or "scrambled .. book" 

program is one in whieh the student path is determined 

according to the student response on each of the 

mUltiple choice questions. 

!.!!.£!!.iy2!achine: A teaching machine is a mechanism 

used as a delivery tool for a learning program. It may 

be as simple 

materials or 

a cardboard box with mimeographed 

complex as a large digital computer. 

Individualized Instruction: Individualized instruction 

is instruction utilizing procedures for gearing 

instrue.tion to meet the needs of each student. 

PSI--Personalized System of Instruction: PSI is the 

individualized instructional system developed by 

Keller, Sherman, and associates. It features 

self-pacing, mastery learning:, emphasis on tbe written 

word for communieations, a proctoring system, and 



lect'lres for motivation instead of transmission of 

information. 

~li:.!!£~~: Self-paced instruction is instruction 

which provides for the individual student to progress 

at his own rate, without penalty f:)r slow progress. 

~!.!!.uct.2.£.:.!.!.g~: Instructor-paced instruction is 

instruction with imposed testing deadlines. 

l1!ll~!.I._~!!.!!i!!&: Maste.ry learning is instruction in 

which a student continues working unit until a 

predetermined level of competency has been 

demonstrated. 

f!!.:..:.f.2.!!!£!!.!!.!._!.!.!!.ll~~_!!!.!!!!!£J:.!..Q.!!: Compu ter as s is ted 

instruction is instruction in which the use of a 

computer is integral component. The 

for drills, tutorials, and interactive presentations. 

A computer used as an electronic page turner is not 

CAL 

f~!':":'Q.Q.!!!p.!!!~!._~~~~_!!!ll!..!!£!i.2.!!: Computer managed 

instruction is instruction in which a computer is used 

to monitor student progress and to maintain educational 

records. 



Q!!!='.:.Q~£u ter:.!!!.!!L!!!.!!!.!!.£..1ion: Compu ter- based 

instruction is instruction involving either or both of 

CAl and CMI. 

Q!.il.L!.!!L~!.!£..!i~_~£~; The drill and practice mode 

is the mode of CAl in which the computer is designed to 

assist a learner in the maintenance and improvement of 

a skill or body of knowledge. 

!!!.!£!i.!l_~£~~: The tutorial mode is the mode of CAl 

designed to assist a learner in the acquisition of a 

skill or body of knowledge. 

Qi.!lQ&!!'~_~£~: The dialogue mode is the mode of CAl in 

which the computer presents lessons and practice 

exercises and the student is free to construct natural 

language responses, ask questions in unrestricted mode, 

and almost completely control the sequence of learning 

events. 

~i.!!!.!!..!.!.!ion: Simulation is an imitation of real 

circumstances aimed at providing a learning 

environment. The essential features of some object or 

process are abstracted and recombined in a model which 

represents the functions of the ori.ginal and can be 

manipulated for the purpose of study or instruction. 
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~ll!!.~!!!.!~i£'!_!!!££!..!!£'!I: A mathematics laboratC'ry is a 

facility designed for student investigation and 

experimentation with concrete or manipulative objects 

to discover mathematical concepts. 

Q.i.!££'Y~!.L!!~!.!.!!ill: Discovery learning is learning for 

oneself by the use of one's own mind. The instructor's 

role is to arrange evidence so that the student makes 

the discovery. 

§.~E.£.!i!£!.Y_~!!.!!i!!.8.: Expository learning, the opposite 

of discovery learning, is the direct telling of 

information, as in the traditional lecture class. 

!~l~Yi.!i.Q.!!: Television is an electronic device which 

transmits scenes or moving pictures by conversion of 

light waves to electrical waves which are reconverted 

to reproduce the original image. 

!~2.i£..:.!!!!£.!:i.!.!.: The audio-tutorial method uses media 

and technology, usually audio-tapes and players, to 

present information or guide the students to discover 

the information individually or in groups. 

Postlethwait1s audio-tutorial system uses recordings of 

a teacher making a presentation and/or demonstration 

if to a group of students. 
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Tut.Q.!'!~: Tutoring is instruction of one student =-r a 

small number of students by someone other than the 

regular teacher. 

lla teme!!!_.Q..L!~k~ 

A variety of instructional methods in 

in lower division college mathematics classes, with the 

lecture or the lecture-recitation probably being 

utilized more than any other method. The proponents of 

each of the innovative methorls tend to expound on their 

preferred method and claim its superiority. The 

purpose of this study is to compare seven "alternative" 

methods of instruction with the lecture method in use 

in lower division college mathematics classes. The 

comparison will determine the relative effectiveness of 

the various methods and whether specific methods 

significantly superior to others for certain 

classifications of students as measured by student 

achievement. 

The range of instructional methods in lower 

division college mathematics tends to be c'ontinuous 

rather than discrete--from the completely self-paced, 

personalized instruction to the lecture class of five 

or six hundred students; from unguided student 

discovery to completely authoritarian exposition; from 

the use of hands-on manipulatives in a laboratory to 
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the formal lecture without models or visual aids of any 

type. 

For comparison purposes it is necessary to 

select a few discrete points the methodological 

continuum and then associate the instructional method 

in each study with the selected method it most closely 

resembles. There may be some overlapping of methods, 

in which a study may be involved in more th.o:,.n 

discrete of the analysis. The methods are of 

differential levels of comprehensiveness--some are 

complete systems while others generally supplement 

traditional teaching. Futher analysis of the methods 

follows the background review of the selected methods. 

The seven methods to be compared with the 

lecture method include the following: programmed 

learning and teaching machines; individualized 

instruction; comput·er based instruction (CBI); 

discovery learning and laboratories; instructional 

television and audio-tutorial systems, referred to 

jointly as media in instruction; and tutoring. 

~ia!!:i.!.i£!£~_~!~hL!!~!!!!! 

Mathematics presents a stumbling block to many 

students desiring to major in scientific fields. The 

combined attrition and failure rate often approaches 50 

percent to 60 percent of registrants in remedial and 
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freshman level mathematics courses in both two-year and 

four-year colleges and universities. The calculus 

course is often used by engineering departments 8S a 

"weeding out" mechanism to assist in selecting only the 

most qualified students for their departmental majors. 

Similarly, many business administration students 

experience delays in admission to upper division status 

due to failure in the prerequisite calculus and finite 

mathematics Improvement in student success in 

mathematics classes is highly desirable. 

Elementary education majors generally 

required to take a mathematics content course and tben 

a methods course in preparation for teaching. A study 

by Bulmahn and Young (1982) indicated that the kind of 

person drawn to elementary teaching is not usually the 

type who enjoys mathematics, and that elementary 

teachers tend to transmit their dislikes of or 

anxieties about mathematics to their students. The 

study also found that the beginning student felt that 

only the four basie arithmetieal operations needed 

for teaching at the elementary level. If the basic 

operations were the extent of the students' mastery of 

mathematics, Orleans may have ha.i a sound basis for 

stating that "Perhaps a major factor in the failure of 

children to get • an understanding of arithmetic 

• • is that their teaehers are, ignorant of the 
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processes and concepts represented ••• ,II <Orleans 

1963, p.139). Clearly, then, improvement of 

mathematics instruction for pre-service elementary 

teachers could have a far-reaching impact on education. 

The problem does not exist only in elementary 

education, as evidenced by a shortage of secondary 

mathematics teachers. Teachers who are not certified 

in mathematics have been teaching the subject. A 

survey of nearly half the high schools in New York City 

found that in 1972 three percent of the mathematics 

teachers were not certified in mathematics, and by 1981 

that figure had increased to twelve percent. Many 

teachers certified in mathematics indicated that the 

subject was not their first choice (Posamentier and 

Stepelman 1982, p. 588). Interesting, motivating, and 

effective mathematics instruction at the lower division 

college level could be influential in reducing the 

flight of mathematics majors towards engineering and 

computer science and in involving some in education. 

Evidence indicating which instructional methods 

produce greater student achievement would point the 

direction for providing improved student success in 

their mathematics classes. 
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Unigue.!!!.!!....£!...!.he S tli 

The next chapter reviews the literature of 

innovative teaching methods and clearly indieates that 

there is DO dearth of empirical evaluations of student 

achievement under a variety of teaching methods a The 

majority of studies compared student achievement under 

a single innovative teaching method to achievement 

under the traditional method, or compared student 

achievement under varying levels of application of a 

specific innovative method. In general, the tradi

tional method has not been well defined, but, at the 

college level, most commonly it has been the lecture. 

Three reviews included more than two 

methods--Hartley's (1977) meta-analysis of four 

different individualized methods in mathematics at the 

elementary and secondary levels; Jamieson, Suppes, and 

Wells I (1974) narrative review of programmed 

instruction, instructional radio and television, and 

computer-assisted mathematics instruction at all 

levels; and Kulik and Jaska's (1977) box score review 

of programmed instruction, audio-tutorial instruction, 

and computer based instruction on the college level in 

unspecified subject areas. 

Effective educational methods are "high1y 

specific to subject matter and level" (May 1965, 
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preface). The 1982 research review of programmed 

learning by Kulik, Schwalb, and Kulik tends to SUPpOT.t 

Mayls thesis--they found a moderate positive effect 

size for studies in social science and a small negative 

effect size in mathematics. Thus, if the relative 

value of innovative methods of mathematics instruction 

at the lower division college level is to be 

determined, consideration of empiricai evidence from 

studies conducted in lower division college mathematics 

classes may be essential. 

Reviews of innovative instructional methods 

varied in the number of subject areas, grade levels, 

and methods involved--some restricted subject matter to 

science and mathematicsj others restricted the level to 

one or two of the elementary, secondary, and college 

levels. However very few studies focused explicitly 

the college level, and even fewer on mathematics at the 

college level; none specified whether the studies were 

all from lower division courses. Specifically, two 

reviews focused on college mathematics; additionally, 

one that restricted content area to mathematics 

reported the college level analysis separately, and one 

that was conducted at the college level reported the 

mathematics studies separately. Of these four studies, 

three used the box score method--llriggs and Angell 

(1964), Schoen (1976), and Hassett and Thompson 



(197S)w-and one was a narrative review by Reid and 

MacLennan (1967). A tally of the studies in 

mathematics follows. 

Table 1: Number of Narrative or Box Score 
Reviews of Studies in Mathematics 
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Methods Elem Sec Elem & Sec Coll Sec & Coll All 

P.I. 

1.1. 

CBI 

Lab 

Media 

Tutor 

Methods 

P.I. 

L!. 

CBI 

Lab 

Media 

Tutor 

Table 2: Number of Meta-Analytical 
Reviews of Studies in Mathematics 

Elem Sec Elem & Sec Coll Sec & Coll All 

Several of the reviewers have indicated that 

the date of the research is one variable that affects 

the outcome--the more recent the study, the greater the 

likely effect. The four college level mathematics 

studies were reported between 1964 and 1978. A review 

integrating studies of the past eight years with the 

earlier reeearch is appropriate. 
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Host of the reviews of research published 

before 1977 and a few later reviews were either 

narrative or box score reviews. "Since empirical 

research is not a form of democracy influenced by the 

majority vote," the conclusions of the early reviews 

are of uncertain validity (Nutbel1 and Snook 1973, p. 

58). Meta-analysis provides a more careful and 

potentially valid approach. 

The lecture, the most common approach currently 

in in colleges, will serve as the contrul method. 

Meta-analysis provides a standard unit of effect, the 

effect size, which will allow for comparison between 

instructional methods. 

~~ground 

In an article typical of the early 1940's, 

E. R. Hec1.rick stated, "In the past 10 or 20 years. 

the teaching of mathematics in schools has 

progres s ive 1y degenerated" (Hedrick 1942, p. 253). 

During World War II, military men testified about the 

nationwide mathematical collapse. Admiral W. o. Nimitz 

wrote regarding an examination given to 4200 freshmen 

wishing to enter the Naval Reserve Officers I Training 

Corps at 27 of the leading U. s. colleges and 

universities. Sixty-two percent failed the entire test 

of arithmetical combinations and reasoning, vocabulary, 



19 

and spatial relatioDs--the majority not borderline 

failures, but far below passing. Only 23 percent had 

taken more than one and a half years of high school 

mathematics (Betz 1942~ pp. 148-49). Similiar results 

were reported for a statewide test given to entering 

freshman at 29 colleges in KanSBS (Hedrick 194"2, 

p. 254). 

Mathematics had lost its prominent position in 

the secondary curriculum and had become merely a 

tolerated elective. A large number of states had not 

required even a single hour of mathematics for high 

school graduatiott., so mathematics enrollments had 

declined and the number of mathematics teachers in many 

states had been reduced 8S much as 50 percent. Policy 

makers pressured for easier "functional" courses devoid 

of algebra and geometry, and colleges offered remedial 

courses in arithmetic and algebra (Betz 1950, 

pp. 277-81). 

Arithmetic, too, was weakened. A powerful 

pressure group demanded postponing the subject, even 

late as the seventh grade. Many schools attempted to 

relegate instruction in the fundamental skills to 

incidental activities or interest centers, and 

mechanical drill rather than conceptual learning 

the almost universal instructional method (Betz 1942, 

p. 149). In the attempt to adapt to the needs of the 
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many, only minimal essentials of daily life were being 

taught (Betz 1950, p. 387). Only a vocational emphasis 

accepted for algebra, geometry and trigonometry. 

The necessity of improvement in mathematics education 

recognized by mathematicians and educators alike. 

The first major impulse for reorganization of 

the mathematics curriculum came from university 

leaders. In 1952 Professor Max Beberman led the 

University of Illinois Committee on School Mathematics 

(UICSM), a joint committee from the Colleges of 

Education, Engineering, and Liberal Arts and Sciences, 

in developing a new secondary mathematics curriculum 

which was used on an experimental basis in the 

University of Illinois High School in 1960. Later, it 

was extended to the elementary level and the 

experimental texts were published commercially. The 

UICSM curriculum was the traditional content rearranged 

more logically with an emphasis on the precision of 

language and the student discovery of generalizations 

(Wittrock 1966, p. 38). 

In 1952, the Joint Conference of the 

Cooperative Committee on the Teaching of Science and 

Mathematics of the American Association for the 

Advancement of Science and the United States Office of 

Education, a conference of more than 100 educational, 

governmental and industrial leader<;, re-emphasized the 



need for talent by comparing reports relating the 

manpower supply of the U.S. and the U.S.S.R. This 

statement came from the conference: 

••• The survival of our democratic way 
of life may depend upon our increased 
technological progress. The battle for the 
freedoms we so fondly cherished may be lost in 
the laboratory. Our supply of engineers and 
scientists already is getting dangerously low" 
(Krause 1969, p. 112). 

When the Russians successfully launched 

21 

Sputnik I in October 1957, American awareness of short-

comings in mathematics and science educ~tion increased. 

The u.s. Congress noted that the proportion of our pop-

ulation educated in mathematics and science and trained 

in technology was insufficient (Krause, p. 1). The 

increased feelings of technological inferiority spurred 

a flurry of activity in curricular modifications. 

In the immediate post. Sputnik era, a national 

effort at reform, rather than a local or state one, was 

initiated by the School Mathematics Study Group (SMSG), 

Yale group, under the leadership of Professor Edward 

G. Begle, and was financed by the National Science 

Foundation. The secondary mathematics curriculum, 

developed and later extended to the elementary le'.-el, 

was characterized by an inductive approach and by 

careful sequencing and structuring of mathematical 

concepts such as numeration and number systems. 
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The National Council of Teachers of Mathematics 

(NCTH), througb its curriculum comm1ttee, The Secondary 

School Curriculum Committee, presented recommendations 

in the May 1959 issue of ~!£8 Teacher. They 

urged that the same mathematieal structure and concepts 

be taught all students, but that the crganizat.~.on and 

manner of presentation be varied to aceommodate 

individual differences in student ability. 

Several other projects were initiated during 

the y .. ars immediately following Sputnik, including the 

Madison Project, the University of Maryland Mathematics 

Project (OMMaP) J the Boston College Mathematics 

Institute (BeMI), the Stanford Projects, the College 

Entrance Examination Board (CEES), the Minnesota School 

Science and Mathematics Center (Minnemast), the Greater 

Cleveland Mathematics Project, and the Cambridge 

Conference on Mathematics. The fact that the National 

Science Foundation was a prominent financial 

underwriter of many of these projects indicated that 

they were considered to be in the national interest. 

A study of the history of mathematics reveals 

many instances in which identical or nearly identical 

concepts were developed, or the same problem solved 

simultaneously, though independently, in two or three 

different countries. One example is the development of 

the calculus by Leibnitz and Newton. in the seventeenth 



century. Thus it should not be surprising that the 

curricula proposed and developed by these groups, as 

well as texts written by individual higb school and 
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college teachers, all headed in the direction, and 

have a 11 been described by the term "modern" or "new" 

mathematics. They have all emphasized equal 

opportunity in mathematics, provision for individual 

differences, a sequential program, unifying ideas sucb 

as sets and functions, discovery processes, precision 

in vocabulary, and concepts from contemporary 

mathematics (Krause 1969, p. 206). 

Host of the above discussion relates to 

secondary and elementary level mathematics. However it 

was in the context of that spirit of reform thA.t 

instructional modifications began to occur in higher 

education in the late 1950's. 

A strong impetus to innovate with regard to 

instructional methods accompanied the curriculur modi

fications, perhaps not because of the modifications, 

but rather as a concurrent effect of the dissatis

faction with the results of mathematics instruction. 

For centuries, the primary methods of instruction in 

higher education have been the lecture and the one-on

one tutorials characteristic of the apprentice-type 

training ex.perienced by lawyers and doctors in the 

colonial American era. However, based on the quantity 
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and subjects of research, Trent and Cohen claimed that 

the form of teaching in higber education began to shift 

markedly in the 1960's, partieularly in the community 

colleges (Trent and Cohen 1973, p. 997). Theyattrib

uted this change to two factoTs--the increased student 

demands for involvement in institutional governance and 

the further incursion of technology into instruction. 

No doubt the revolution that was occurring in secondary 

school mathematics with the participation of many col

lege and university faculty in the curricular modifi

cations was also a significant factor contributing to 

the innovative spirit infiltrating higher education. 

In the 1950's and 1960's, the mathematics edu

cation literature of all levels, kindergarten through 

college, a~ounded with articles on programmed learning 

and televised instruction. During the later 1960's and 

the 1970' s, the persona lized sys tem of ins truc t ion 

(PSI) and computer based instruction (CBI) were 

doubtless the prime topics in mathematics education. 

In higher education during the past two or 

three decades, student enrollments have increased at a 

rate far exceeding that of the increase in faculty, in

directly forcing an increase in the size of mathematics 

classes. Mathematics educators have felt intuitively 

that large lectures could not provide the learning 

opportunities of small classes (with no precise 



definition of "large" or " sma ll") and considerable 

experimentation occurred with varying combinations of 

large lectures, sometimes via television or video 

tapes, and small group discu8sions or problem solving 

sea sions. 
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J.108t of the innovative instructional methods 

implemented recently have been based on the educator's 

intuition rather than on an existing theory 

technology (Scandura 1967, p. 115). The background of 

various methods will be considered 

!E2I~arning: Of all modes of instruction, 

11 ••• no other teaching medium owes its origin as fully 

to basie research, as opposed to art, technology or 

empiricism" as programmed instruction (Schramm 1962a, 

p. 43). The primary principle behind programmed 

It!arning is the so-called Law of Effect, first 

systematically investigated and expressed by the 

psychologist E. L. Thorndike. He observed that the 

behavior of laboratory animals was shaped by its 

consequences. The law of effect states that behavior 

is increased in strength when it is followed by a 

"satisfying state of affairsll--a reward--and weakened 

when followed by aD "annoying state of affairs"--!! 

punishment. Thorndike and later B.F. Skinner, 

psychology professor at Harvard, found that an animal 

could be trained to produce a specific response when 



presented with the stimulus by the experimenter's 

cons is tent rewarding of that behavior. Moreover, the 

animal could learn to do rather complieated tricks if 

accomplished one step at a time. Few scientists bad 

tbe time or patience to "tutor" fifty animals so they 

devised automatic instruments to reward the rat for 
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traversing the maze correctly the pigeon for pecking 

the correct key. Thus the foundation was laid for 

teaching machines and learning programs. 

Programmed instruction originated formally in 

the 1950's when B. F. Skinner visited his daughter's 

fifth grade mathematics class at a private school in 

Cambridge and was unhappy with the student inattention 

and the non-task activities oecuriog. He returned home 

and wrote a program to teach some topics in arithmetic 

(Luce 1960, p. 103). Most programmed materials follow 

the Skinner paradigm which is described by Wilbur 

Schramm as follows: 

To sum up, then, these are essential 
elements of programmed instruction: 

(a) an ordered sequence of stimulus 
items, 

(b) to each of which a student responds 
in some specified way, 

(c) his response being reinforced by 
immediate knowledge of resul ts t 

(ci) so that be moves by small steps, 
(e) therefore making few errors and 

practicing most ly correct responses t 
(f) from what be knows t by a process of 

successively closer approximation, toward what 
he is supposed to learn from the program 
(Schramm 1962a," p. 2). 
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The emphasis is on a linear sequence of short learning 

steps. or "frames," active I'tudent responses, immediate 

reinforcement, and a low error rate of about five 

percent. All students must go through the same 

sequence. Clearly this Skinner or constructed-response 

programming is based on three principles learned from 

animal research: the animal must be active if its 

behavior is to be controlled; the animal viiI learn a 

new step if rewarded immediately upon responding 

correct 1y; and the animal can learn complex behavior if 

led by a progression of small steps. 

A second well known pattern of programming, 

though not as commonly used, is attributed to Normsn 

Crowder. Here each frame presents the student with an 

expository passage followed by a multiple choice 

question, and the student is "branched" to a frame 

according to his response. This pattern of programming 

is referred to as "intrinsic,1I "scrambled .. book," 

"multiple choice," or Crowder prograzming. 

Obvious advantages of the Crowder·type 

programming are the capacity for explaining why a 

response is incorrect and the ability to force the 

student into a remedial branch of the program before 

proceeding with the regular material. Since errors not 

only are handled appropriately but provide for further 



learning exper iences, the low error rate is not 

emphasized as heavily as in the Skinner programming. 

The UICSM and SMSG, two of the groups working 
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mathematics curriculum modification for secondary 

schools, have published high quality programmed texts. 

The latter has published three programmed versions of 

high school algebra, one in Skinner mode, in 

Crowder mode, and ..Joe combining the two with 

conventional exposition and problem sets, which May 

calls the IIhybrid" mode (May 1965, p. 1). 

The traditional college mathematics text book 

tends toward a programming approach. There 

generally short expository sections each followed by a 

problem set, usually of graduated difficulty level, 

with at least partial answers provided. It requests 

student response and provides immediate feedback, two 

of the characteristics often used to define 

programming. However, it requires much more student 

direction and initiative than the above modes of 

programming. 

Thus instructional programming could be defined 

as lithe scheduling and control of student behavior in 

the learning process." The programmed materials are 

those which provide the subject content and the de

tailed steps in the learning process (May 1965, p. 2). 



29 

Inseparably related to the development of 

programmed learning is that of the teaching machine. 

The origin of teaching machines has been attributed to 

Sidney L. Pressey at Ohio State University, in 1926, 

when he discovered that his multiple cboice testing 

machine also provided instruction. Ris observation did 

not impact education until after industry and the 

military began experimenting with teaching machines 

(May 1965, p.l). Perhaps Pressey was Dot the first 

person to develop a mechanical teacher. Patent records 

indicate that teaching devices may date back more than 

a century before Pressey. H. Chard recorded a patent 

on February 16, 1809, entitled "Mode of Teaching to 

Read" (Kellan 1936, p.291), and the first patent in 

mathematics was recorded on July 14, 1846, by B. M. Van 

Der Veer of Clyde, New York (Leggett 1874, p. 1517). 

Halcyon Skinner's "Apparatus for Teaching Spelling," 

patented on February 20, 1866, resembled an abacus with 

letters in place of beads and was definitely a 

mechanical instructional device invented some seventy 

years before Pressey's teaching machine (Commissioner 

of Patents 1967, pp. 124,443). In 1926, Schg,!U:....!.!!! 

!g,ciety published the Pressey article about his testing 

machine, the first reference in the literature. 

However, Pressey previously had exhibited the machine 

which he stated was derived from a self-recording, 
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multiple~choice reaction apparatus developed about 1915 

(Pressey 1926, p. 376). 

Pressey's testing machine was essentially a box 

containing a revolving drum. The exam was printed on 

the drum and exposed to the student through a slot 

in the box. The student responded by pressing one of 

four buttons, and the machine proceeded to the next 

question, keeping a count of the correct student 

responses. With slight mOdifications, the machine 

could be set so that the drum revolved to the next 

frame of the program only when the correct button was 

pushed. Thus the last response given, which Pressey 

felt made the strongest impression on the student, of 

necessity, must be the correct response. This proeess 

served to be instructional as well as evaluative. 

There was reinforcement attachment that dropped 

a piece of candy in front of the student when "he makes 

the number of correct responses for which the 

experimenter has set the 'reward dial ill (Pressey 1926, 

p. 374). He envisioned that his machine would relieve 

the burden of routine and clerical tasks and free the 

teacher for more real teaching--"thought-stimulating 

and ideal-developing" (Pressey, p. 376). 

Skinner's machine presented the information and 

questions to the student on a roll of manuscript. The 

student wrote the answer in his own words on a separate 
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tape. His answer moved under a piece of plastic 8S he 

advanced the program to the correct answer, preventing 

him from changing his answer. It appears that cheating 

has been a perennial problem. 

The peak period of development of teaching 

machines followed World War II snd the research and 

writings of Skinner at Harvard University in the 

mid-1950's. The machines ranged in complexity from a 

simple box using mimeographed materials to large 

digital computers with complicatedI' branching programs. 

The essential feature was the programmed materials, not 

the manner of delivery. Programmed text books and 

films could be considered teaching machines. 

In the early 1960' B, with the teacher shortage 

and the emphasis on individualizing instruction, 

teaching machines became popular, Articles such 

"Can Machines Replace Teachers?" (Luce 1960) in the 

2..!!.!:!.!:!!!l_!Y.!!!in.L!.£.!.! and IIWill Teaching Machines 

Make You Obsolete?" (Huffman 1960) in ~sine!.! 

!~.!:!£.!.!~Rorld appeared in magazines and newspapers. 

Wall Street recommended stocks of companies with 

potential products in the field of teaching machines 

(Johnson 1962, p. 158). However, the leaders of the 

automated teaching movement expounded on teaching 

machines as devices to reduce the clerical activities 



32 

of the teacher and to provide a convenient means for 

makeup work or remedidal instruction, and insisted they 

would not replace human teachers. 

Since the purpose of this study is the 

effectiveness of the method of instruction on student 

achievement and a teaching machine is merely the 

delivery tool for programmed instruction, further 

discussion of the development and types of teaching 

machines need not be undertaken here. 

Proponents of programmed instruction make the 

following claims: 

1) Students learn more, often in less time, than in 

regular classroom instruction. 

2) The opportunity for student self-pacing is 

apparent--no longer need the slower student sit 

bewildered and the bright one become bored during a 

class session geared to the middle level student. 

3) In times of teacher shortag:!J programmed learning 

could fill the gapr allowing larger classes than 

otherwise feasible or providing study in topics which 

available teacher is qualified to handle. 

4) The teaching machine is objective--the failing 

student cannot rationalize his failure by claiming bis 

teacher does not like him. 

Critics counter with these claims: 
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1) Many students find the programs dull, particularly 

the Skinner-type programs which do not allow for 

individual differences except for rate of progress. 

2) A student may not look back for review nor look 

ahead for an idea of what is to Even textbooks 

have a table of contents for preview purposes and an 

index for easy reference. 

3) Administration of programmed learning can be 

difficult due to the individual progress rates of the 

students. 

4) Excessive programming may enable 8 student to 

succeed wi thou t ext ens i ve or intens i ve th inking. 

5) Though programs have been shown to be satisfactory 

for learning of factual material, they inadequate 

for the teaching of reasoning and concepts (Zall 1969, 

p. 106). IIProgramed materials cannot teach the full 

repertoire of covert and overt behavior that is 

desirable for effective work in mathematics ll (May 1965, 

p. 12). (May has accepted the single- 11 m" spelling of 

IIprogrammed,lI adopted by the Committee on Educational 

Media of the Mathematical Association of America, 

have a minority of other authors the topic.) 

6) Programmed materials tend to be inefficient; for 

example, a certain scrambled-book program on vectors 

required 100 pages to cover the material normally dealt 
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with in less than 10 pages of an elementary calculus 

book (May 1965, p. 13). 

The traditional course structure essentially 

requires a student to complete the course within a 

specified time period. Assuming sufficient material is 

completed successfully, the student progresses to the 

next course. This structure has been compared to 

unusual race described by Shulman. 

Imagine the mile run if it began with the 
fi ring of a gun and ended at the end of four 
minutes when another gao went off and everyone 
had to stop wherever they were. It would be 
even more startling if about five minutes 
later another gun went off for the next race 
and everyone began that race from the same 
point at which they had ended the previous 

By repeating such a process, we would 
guarantee the development of cumulative 
deficits for some runners as they fell 
progressively further behind after each 
successive race (Shulman 1970, p. 49). 

Individualized instruction attempts to improve 

that deficit-building situation. It is a logical 

sequel to programmed instruction since it is based 

the same psychological theories of small step size, 

mastery, and immediate reinforcement. llarrisberger, in 

writing about Individually Prescribed Instruction, 

lists some documented fundamentals of education which 



provide the psychological basis for individualized 

instruction: 

1. The lecture is deadl Investigations show 
that information communicated verbally without 
involvement has a short retention spaD; ••• lecture 
classes fail because students are in a passive, 
nonparticipating role; •••• 

2. Instructor-dominated discussions are less 
effective than student-dominated discussions. 
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3. '" A student learns best when given an 
opportunity to explore the topic in more than one 
way and at his own speed, starting at his own point 
of preparation. 

4. • •• Learning efficiency increases with 
frequent and repeated opportunities to evaluate 
progress, with immediate diagnosis of the results. 

5. A student's peers are more effective tutors 
than his professors. 

6. Retention increases with involvement 

7. Audio-tutorial tapes as a self-study aid 
more effective than interviews with the 

instructor. There is no ••• embarrassment in 
admitting stupidity to a tape deck; it is also more 
accessible and repeatable than a live professor 
(Harrisberger 1974, p. 203). 

The Personalized System of Instruction (psI), 

Keller Plan, probably the best known and most 

modeled system of individualized instruction on the 

college level, is attributed to Fred Keller in 

conjunction with J. Gilmour Sherman and two Brazilian 

psychology professors. tn tha mid-l960':; PSI seemed 

almost revolutionary--for higher education, perhaps it 

was, though the concept was not new at that time. In a 

sense even the tutorial instruction in early American 



36 

ungraded schools was individualized in that the student 

progressed through the available books at his own pace. 

However, the interest here is on a structured system of 

individual instruction. 

Duker places the origin of individualized 

instruction in public schools at Pueblo, Colorado, in 

1888 when Preston Search advocated and practiced such a 

program. In 1910, data secured from the educational 

tests given in Detroit schools for the first time led 

Stuart A. Caurtis to conclude that msss methods 

inefficient. On the basis that "improvement in 

arithmetic must be brought about through some device 

that will reach each individual and enable him to 

progress at his own rate" (Duker 1972, p. 395), he 

implemented a program with self-pacing and mastery 

learning using self-corrective practice materials. 

Two years later Frederick Burk initiated a 

small-step, self-paced, mastery-oriented arithmetic 

program in the laboratory school at the San Francisco 

Normal School. One of his faculty members, Carleton 

Washburne, carried the system, now known as the 

Winnetka Plan, to Winnetka, Illinois, where he became 

superintendent of schools. The earliest journal report 

of individualized instruction located in this review 

was in the February 1923 issue of .§..£!!.Q..Q.L§.cie!!~and 

!:!!!hemati.£..! and reported on the three-year old program 
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in arithmetic in Winnetka elementary and middle 

schools. "The attempt has heen made to fit the work to 

the needs of the children and not fit the children to 

the course prepared l1 (Reese 1923, p. 138). Eighth 

graders studied the business topics of insurance, 

taxes, stocks and bonds, and accounting via an 

imaginary bank and stock company. 

Other early efforts at individualization 

include the Dalton plan, attributed to Helen Parkhurst 

in Massachusetts. The curriculum was self-paced with 

emphasis on personalized contracts snd self-corrective 

materials. Individualization occurred also in some of 

the one-teacher, eight-grade rural schools. 

Individualized instruction reached its peak in 

the latter 1920's, then seemed to fade out of existence 

in the 1930's, with the exception of the Winnetka plan. 

With the rise of programmed instruction in the 1950' s 

and 1960's! the concept of individualization was reborn 

(Duker 1972, pp. 397-399). 

The renaiuance of individualized instruction 

included several systems at the college level. Keller 

and Sherman acknowledged the influence of Skinner and 

his teaching machines, articles, and visits to Columbia 

University in their development of PSI (Sherman 1974, 

p. 220). Except for a short laboratory course at 

Columbia, PSI was piloted in a psychology course at the 



Dew University of Brazilia, Brazil, in the winter of 

1963, and further work was begun at Arizona State 

University in 1965 (Keller 1968, p. 80). 
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In reality, "PSI II is a misnomer for the Keller 

Plan~-only the rate of learning and the feedback on 

unit tests personalized. Further, the rate is only 

partially individualized since the final examinations 

are taken at a common time and more than half of the 

student I s grade is determined by the number of 

successfully completed assignments. 

The features which distinguish Keller's PSI 

from conventional instruction include the following: 

individualized pacing; unit mastery; lectures and 

demonstrations for motivation, instead of information 

dissemination; emphasis on the written word in 

teacher-student communic.ation; and a student proctoring 

system (Keller 1968, p. 83). 

Wilson and Tosti (1972) provided brief 

descriptions of a few other approaches to individual

izing instruction in their book, ~!.!!i!!LiL~.!~ 

§..!!ier, including the following: Robert Glaser's 

Individually Prescribed Instruction system developed 

for use in the elementary school; the PRIME system of 

contingency management composed of !Rescription, 

Instruction, ~otivation, and ~valuation; the NOVA 

system with its learning activity packages (LAPS); and 
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Project PLAN which provided Teacher Learning Units 

(Wilson and Tosti 1972, pp. 119-124). Other systems, 

such as Postlethwait's approach in audio-tutorial 

instruction and various computer-managed instructional 

systems J are often included at this point J but they 

belong more appropriately in another section of this 

review. 

Consideration here is on a structured system of 

individualized instruction which has the following 

charac terist ica: 

1) A specific set of objectives is defined. The 

objectives may be presented to the students 

handou t incorporated in their textbook. 

2) The is divided into small units, often 

re ferred to modules. 

3) A study guide or assignment packet directs the 

students in their study and informs them of available 

learning resources. 

4) The students learn individually from textbooks and 

possibly worksheets and audio-visuals. Some programs 

allow for self-pacing while others impose testing 

deadlines, and are considered to have instructor-pacing 

forced-pacing. 

5) Unit mastery at a predetermined level is required 

and generally immediate feedback is provided on 

students' tests. 



6) The instructor and/or differentiated staff assist 

students individually. 

7) Lectures, mediated in person, may be included 

optional resource or motivational technique. 
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Individualized instruction programs may vary in 

the degree of each of these characteristics and may 

include other features not essential to the concept of 

individualization, for example, small group 

interactions and contract grading. This review will 

not consider independent study in which a student 

selects the topics for study. Instead only 

individualized instruction in courses in which specific 

objectives are part of the program will be included in 

this study. 

The National Science Foundation support of 

individualized instruction has been extensive. 

Seventy-five percent of the Comprehensive Assistance to 

Undergraduate Science Education (CAUSE) grants funded 

in fiscal 1980 involved individualized instruction as 

either a major or a minor characteristic of the grant 

proposals (Menefee 1981, p. 39). 

Q£mpu teE-1!.a sed.-!.!!! truc t ion 

The expanding educational needs of society 

not matched with increasing productivity of the 

educational processes. Advances in technology seemed 

to provide the opportunity to remedy that situtation. 



The digital computer was heralded as the coming 

revolution in education, a means of automating 

instruction thus increasing productivity (Chapman and 

Carpenter 1961, p. 240), and as a panacea that would 

enable colleges to individualize instruction and cut 

costs (Levien 1972, p. xix). 
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In 1642, bored with helping his father compute 

taxes, Pascal designed what appears to be the first 

mechanical computing device--a simple adder, operated 

mechanically and using cogged wheels. The first 

Hutomatic sequence-controlled calculator, the Mark I, 

was developed at Harvard in 1944 by Professor Howard 

Aiken to facilitate engineering research by relieving 

scientists of pencil and paper calculations. In 1946, 

the ENIAC, Electronic Numerical Integrator and 

Calculator, was completed at the Moore School of 

Engineering, University of Pennsylvania. Though these 

are considered the first computers, neither was capable 

of storing the sequence of operations, or program, in 

the machine. The first computer with that capability 

completed in 1952 in England. The concept of 

internal program storage is simple, but was the key to 

the power and flexibility of the modern computer. The 

computer is able to modify the instructions by which it 

operates--while it is operating! 
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Educators developed the early computers through 

university research. They envisioned the potential, 

but were not oblivious to the great cost and effort 

necessary to develop full computer systems. Many 

leaders left education and pursued their research 

activities in industry where development laboratories 

were lavishly supported by companies such as 

International Business Machines (IBM), Remington Rand, 

and System Development Corporation (SDC). 

The growth in development snd usage of 

computers has been phenomenal. In 1950 there 

approximately a dozen computers in the entire United 

States; by 1960, 6,000; and by 1970, 80,000 (Levien 

1972, p. 1). The first utilization in higher education 

was in research, followed by administrative record 

management. 

During the first decade of the development of 

the computer, Skinner published his article, "The 

Science of Learning and the Art of Teaching,1I and 

programmed learning and teaching machines became 

popular. Then during the second decade, Keller's 

II ••• Goodbye, Teacher" and the PSI movement 

resurrected the emphasis on individualizing instruction 

to meet the student's needs. A logical sequel was the 

recognition and application of the "unique value of the 

computer ••• in adapting the selection and 
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presentation of instructional materials to the pace and 

style of individual students" (Alpert snd Bitzer 1963, 

p. 1582). The interactive capacity afforded oy the 

computer with suitable input-output equipment was a 

newly available tool for the educator and provided an 

"attractive notion that a computer can be prog::rsmmed to 

interact dynamically with one or more students" (Rigney 

1961, p. 156). 

The Office of Naval Research and the Systems 

Development sponsored a conference, "Applications of 

Digital Computers to Automated Instruction, II in 1961. 

In the published proceedings, Chapman and Carpenter 

described the capabilities of the sophisticated 

equipment that industry had available for automated 

tutoring--power, flexibility, man-machine 

communication, speed, memory, and decision-making 

ability. Yet the equipment was not used to investigate 

automated tutoring because the teaching programs 

available "were not good enough to justify that 

expense" (Chapman and Carpenter 1961, p. 242). 

Automated instruction by means of a computer 

satisfy the same learning principles 

programmed instruction and most of those 

does 

which PSI 

is based; the student's active involvement in logical 

step-by-step sequencing, proceeding from the known to 

the unknown at a pace comfortable to the student, and 
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measuring the student I s understanding with immediate 

reward or correction of misunderstanding. The 

computer I s capabilities may add responsiveness to the 

learning needs of the individual student by presenting 

material in the most appropriate modality and at the 

appropriate level (Chapman and Carpenter 1961, 

pp. 242-244). 

Computer based instruction (CBI) is composed of 

computer assisted instruction (CAl), computer managed 

instruction (CMI), or a combination of the two. CAl is 

the integral of a computer to aid or enrich 

instruction, but computer use merely as an electronic 

page turner is not considered as CAl. Instruction 

using a computer only to diagnose and monitor student 

progress and maintain educational records is CMI. 

At least three computer based instructional 

projects had been started by 1958. Instruction 

binary numbers had been demonstrated at the IBM Thomas 

J. Watson Research Center. SDC used a computer

controlled random-access, projection device as a 

flexible teaching machine for research 0'" branching 

modes of programmed instruction. Licklider and Swets 

at Bolt Beranek and Newman looked at construction of 

graphs for students in analytic Geometry, among other 

uses (Zinn 1970, p. 22). Since then, rapid growth has 

occurred in the development and implementation of 
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computer based instruction, as evidenced by listings of 

programs. The third edi tion 0 f Lekan' s U 971) index to 

CAl listed 1264 specific programs in operation and the 

1978 listing (Wang 1978) includes 2957 programs. A 

recent study by Quality Education Data, Inc., 

reported that the number of elementary and secondary 

schools using computers almost tripled between the 

1981-82 and 1983-84 school years ("School Computers 

Increasing at a Rapid Clip" 1984, p. 1). 

The number of computers in American schools has 

been doubling every year recently so that by 1984 the 

majority of schools owned computers. Though this 

reference is to the elementary and secondary schools 

rather than postsecondary institutions, similar growth 

has been occurring in the number of computers in use in 

colleges and univel:sities. Still the greatest use of 

computers in high school is as objects of study, Dot 

learning tools. Por example, of the schools owning 

computers, 85% used them for computer literacy and 75% 

for teaching programming, while only 31% used them for 

drill and practice and 20% for tutoring (Bangert

Drowns, Kulik, and Kulik 1985, p. 59). Tremendous 

growth has occurred since a 1971 report of the National 

Education Association that only 7.7% of teachers 

indicated that CAl was being used in their schools 

(McDougall 1975, p. 181). 
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Early CAl programs were simply programmed 

instruction presented via camputers--a natural 

combination of technology and programmed instruction. 

Patrick Suppes, a leader in computer assisted 

mathematics instruction, has identified three modes of 

CAl: drill and practice, tutorial, snd dialogue 

(Travers 1971, p. 26). In the drill and practice mode, 

the computer merely supplements the regular classroom 

instruction. Exercises can be devised to guide each 

student through individualized drill based on the 

student's past record of performance, speed of working, 

and readiness level. Much of the CAl in current use is 

of the drill and practice variety. Tutorial systems 

are those which assume primary responsibility for the 

teaching of a topic. A dialogue syatem is composed of 

computer programs and appropriate input-output 

equipment able to conduct genuine dialogue between the 

programs and the student. Little CAl at the dialogue 

level has been developed due to the enormous technical 

problems inherent in such an operation (Travers 1971, 

pp. 27-29). 

Computer simulation is another aspect of CAl 

and conceivably could be included in any of Suppes I 

levels of CAl. Simulation incorporates the essential 

features of an object or process into a model which 

represents the functions of the original and can be 
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manipulated for instructional purposes. Simulation 

provides experiences that would be difficult 

impossible in reality due to the complexity, time 

element, cost, or danger. Also a computer simulation 

allows the student to focus more on the results rather 

than lose sight of what is happening by intense 

involvement with the laboratory equipment. Computer 

simulation may he based on mathematical models, or if 

not available, statistical or "Monte Carlo" 

techniques (Cody 1973, p. 24). 

The glowing predictions made in the 1960's and 

1970's of the growth of CBr have not been fulfilled. 

One factor in this failure to meet expectations is the 

difficulty and effort necessary to prepare quality 

software. An effective CAl lesson for a student=s 

hour-long session may require 100 hours of preparation 

time besides student testing and revision time. 

Instructors need training in the effective utilization 

of CAl and in working with instructional developers and 

curriculum specialists on preparing courseware 

(Magidson 1978, p. 8). 

Many professional organizations and individuals 

have encouraged the inclusion of instructional uses of 

the computer in mathematics classrooms. The NCTM in 

1980 recommended that mathematics programs take full 

advantage of the power and flexibility of computers at 
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all grade levels and that teacher education include 

computer literacy and programming, 8S well as study of 

effective ways to the computer for mathematics 

units. still progress has been slow, hampered by the 

economy, inadequate computer hardware and software, 

lack of suitable textbooks, and an insufficient number 

of teachers with appropriate computer knowledge and 

experience (Overton 1981, p. 24). 

Not all predictions of CHI are glowing. Mark 

s. Tucker, in "Computers Campus: Working Papers ," 

discussed the meaning of "computers for instruction ll as 

two-fold: teaching people how to use the computer Bnd 

teaching the compu ter to ins true t peop le- - CAl. He 

continues, II ••• at present, computer-assisted 

instruction is among the least promising approaches to 

the use of the computer in higher education" (Tucker 

1983-84, p. 25). 

In the late 1960's, the National Science 

Foundation began supporting two systems of CAl and 

utlimately invested more than $14 million into the 

development of PLATO (Programmed Logic for Automatic 

Teaching Operations) and TICCIT (Time-shared 

Interactive Computer-Controlled Information 

Te levis ion). The PLATO Bystem is a large network based 

at the University of Illinois that supports about 1000 

terminals at dispersed locations, each with access to a 
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central les80n library. The TICeIT system, developed 

by Mitre Corporation, supports small, local computing 

facilities, each capable of serving 128 terminals. 

Evaluation of TICeIT, performed by Educational Testing 

Service at Phoenix College in Arizona and the 

Alexandria campus of Northern Virgins Community College 

in the late 1970's, indicated improved student 

achievement, but a higher attrition rate than in 

conventionally taught classes. PLATO resulted in 

favorable reactions from students and teachers in five 

community colleges in Illinois, but no significant 

impact on student achievement. Neither system reached 

the potential 80 long claimed for computer based 

instruction (Kulik, Kulik, and Cohen 1980, 

pp. 526-527). 

Labora tories , Manilli!tives, 
and Discovery Learnins 

The mathematics laboratory approach was 

intended to be one of the selected innovative 

instructional methods of this study while discovery 

learning versus expository reception learning 

be a comparison across all selected methods. As the 

to 

review of literature progressed, it became clear to the 

author that discovery learning and the laboratory 

method were based on much the same rationale and 

be longed together. 
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The approach has a long list of advocates. 

Perhap s of the earliest was Socrates, who felt that 

his questioning method was only helping the student to 

discover what he already knew. 

More than two centuries ago Rousseau wrote 

the notions of things thus acquired for oneself 

are clearer and much more convincing than those 

acquired from the teachings of others" (Whipple 1972, 

p. 1). In 1847, David Page, the first principal of New 

York I s first normal school, in his !h!£f..I_!!!£~!.!£!i£! 

£!_!!!£h!!!.B.' wrote "There is a great satisfaction in 

discovering a different thing for one I s self--and the 

teacher does the scholar a lasting injury who takes 

this pleasure from him" (Weimer 1975, p. 7). An 1880 

book on pedagogy continues the theme: it is 

what the child does for himself and by himself, under 

wise guidance, that educates him •• Spencer says, 

1The child should be told as little as possible, and 

induced to discover as much 8S possible, 111 8nd "A.gassiz 

said the worst service a teacher could render a pupil 

to give him a ready made answer ••• " (Swett 1880, 

pp. 6-7). In 1901 Perry said, "Educate through the 

experience already possessed by a boy; look at things 

from his point of view--that is, lead him to educate 

himself" (Perry 1901, p. 220). 
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In 1902, School Science, now Scbool Science an.!! 

!!ll!!..!!!!.!!!£..!, printed Henry E. Armstrong I s art ic Ie, liThe 

Heuristic Method of Teaching, II which was part of a 

report to the Board of Education of England. His first 

paragraphs follow: 

All who seriously study the history of 
educatioD in our times must agree that, 
although it may be long ere we can say 
"Eureka! Eureka!" of an ideally perfect 
system, recent experience justifies the 
assertion that we shall hasten the advent of 
that desirable time if we seek to minimize the 
didactic and encourage heuristic teaching; for 
the progress made of late, which is very 
considerable, is unquestionably due to the 
introduction of heuristic methods and 
exercises • 

• • • The value of mere knowledge is 
immensely over-rated, and its possession 
over-praised and over .. rewarded; • 

Professor Meiklejohn contends that the 
permanent and universal condition of all 
method in education is that it be heuristic; 

• (Armstrong 1902, pp. 395-396). 

In 1902, E. H. Moore's presidential address to 

the American Mathematics Association's ninth annual 

meeting urged the development of a laboratory in 

mathematics and physics. He indicated that the 

laboratory method has great value in its flexibility 

which permits group or individual work and in its 

utilization of the experience and insight of all the 

students as well as the instructor (Moore 1902, 

pp. 250-251). In Readings in the History of 

~atics, Bidwell and Clauson (1970) quote others 



who, early in the twentieth century, supported a 

discovery or laboratory approach. J. A. Young's text 

on teaching methods, for example, included an entire 

chapter directed to the laboratory approach. 

In 1918 and 1923 the National Committee 

Reorganization of Secondary School Mathematics 

recommended discovery approaches, as did the National 

Council of Teachers of Mathematics (NCTM) and the 

Mathematics Associat.ion of America (HAA) in 1940 

(Weimer 1975, p. 10). One feature of the modern 

mathematice movement has been the emphasis on student 

discovery. 
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More recently Piaget I B development in cognitive 

psychology provided a rationale for the discovery and 

laboratory approaches. His well-known developmental 

sequence included the stages of concrete operations 

occuLring from approximately ages seven to 11, and 

formal operations from 12 on. Though the age levels 

are subject to question, the sequence from concrete to 

more formal and abstract representation seems fixed. 

Dienes supported this theory for mathematics learning, 

naming the phases as constructive--building of ideas 

from physical experience--and analytic--analyzing 

logically. 

Bruner suggested the optimal sequence for 

mathematical learning through enactive, iconic or 
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image, and symbolic representation (Bruner 1966, 

pp. 40-41). If manipulation at the symbolic stage 

fails, the student should be allowed to function with 

physical objects images (Kieren 1971, p. 229). Many 

college students in remedial level mathematics courses 

are at a developmental stage in which representation 

through physical objects may provide more meaningful 

learning experiences than the symbolic or totally 

abstract. However, Dienes notes the occurrence of 

"interference effects of use of multiple embodiments 

for quick learners" (Kieren 1971, p. 230). 

Perhaps the Chinese proverb says it best: "I 

!!.~!., and I forget; I .!.!~, and I remember; I ~, and I 

understand ll (R. B. Davis 1966, p. 355). 

The laboratory approach provides the 

opportunity for the student lito do,l! to experience, to 

discover mathematical concepts and generalization 

through manipulation of concrete objects as well as 

through reading and discussion. It is based on active 

learning and focuses on the learning process rather 

than the teaching process. The mathematics laboratory 

approach is not merely the adjunctive use of concrete 

materials to traditional methods. Rouse defined it as 

An instructional strategy for assisting 
each child in his own individual concep
tualization of mathematics by presenting him 
with appropriate concrete manifestations of 
mathematical abstractions and helping him to 



organize and generalize his perceptions of 
these manifestations into mathematical 
concepts (Rouse 1972, p. 49). 
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The appeal of the laboratory approach is based 

claims that it does the following: 

1) Relates learning to past experiences and provides 

experiences as needed for discovery and abstraction 

of mathematical concepts. 

2) Provides interesting problems for the student to 

investigate. 

3) Provides a non-threatening atmosphere conducive to 

learning. 

4) Allows a student to take responsibility for his own 

learning and to progress at his own rate (Kidd, Myers, 

and Cilley 1970, pp. 10-15). 

Bruner has defined discovery learn{ng as 

instruction to "include all forms of obtaining 

knowledge for oneself by the use of one's own mind," 

and states that it "is in its essence a matter of 

rearranging or transforming evidence in such a way that 

one is enabled to go beyond the evidence so assembled 

to additional new insights l1 (Bruner 1961, p. 22). 

Hawkins described it as an attempt to teach with a 

minimum of self-deception about the power of the spoken 

printed word (Hawkins 1966, p. 11). 

Considerable interest and research has been 

focused on the effects of student verbalization of the 



discovered concepts and some research indicates that 

verbalization may hinder rather than aid in the 

learning transfer of concepts. The laboratory 
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approach is claimed to minimize verbalization, thus 

minimizing the component which is a stumbling block for 

many students (Kidd et a1. 1970, p. 28). The 

mathematics labor3.tory has sometimes been described, 

with some truth, as an English invention. The English 

have taken up Piaget I s central idea that children learn 

by doing (Comber and Matthews 1971, p. 547>. 

Laboratory experiments with concrete models 

provide examples from which the student develops 

concepts and generalizations (Fawcett and Cummins 1970, 

p. 41). The use of physical objects is not new·· 

certainly the bathwater and applp. served a part in the 

discoveries of Archimedes and Galileo, respectively. 

The laboratory approach is inherently a discovery 

approach, but discovery does not necessarily require 

manipUlation of concrete objects. It does not require 

a special physical facility--a classroom with an 

abundance of specialized mathematical equipment and 

material may satisfy the physical requirements. The 

traditional room with chalkboard and fixed desks is 

hardly ideal (Kluttz 1963, p. 142). 

The NCTM devoted an entire chapter in the 

thirty-fourth yearbook, ,l!!str:!!.£.!i2.na1 Ai~ 



Mathemati£!, to the use and building of models and 

another to manipulative devices. It provided a 

rationale for their use and specific suggestions for 

their integration into instruction. 

A brief outline of the claimed pros and cons 
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appropriate. Davis, Bruner and other proponents 

claim that students find discovery learning to be 

rewarding and motivating, to increase intellectual 

potency and independence in a scientific approach to 

learning, and to develop problem solving skills and a 

reflective attitude. Bruner and Wittrock indicated 

that discovery learning aids the student in organizing 

knowledge and thus increases the student's memory 

retrieval capability (Wittrock 1966, p. 37; Bruner 

1961, p. 31). 

Ausubel countered with the time inefficiency of 

discovery in comparison with expository teaching and 

that discovery is not necessary for the meaningful 

acquisition of knowledge. Others noted that discovery 

attitudes can be developed with didactic teaching, and 

in fact, discovery may be less effective for anxious 

dependent students and for certain subject matter 

topic s (Kieran 1969, p. 510). Glazer warned 0 f the 

danger of the student's exposure to an insufficient 

number of examples to induce correct concepts. He 

indicated that stating the rule first, as in expository 
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learning, provides for quick reinforcement, and it is 

easier for the student to remember a few 

generalizations than many details (Glaser 1974, p. 16). 

Also, the essence of a culture is that everyone need 

not discover everything for one I s self, but may profit 

frol'!. others' experiences. Bruner states 

.•. it seems ••• unlikely, given the 
nature of man's dependency as a creature, that 
the long period of dependency characteristic 
of our species was designed entirely for the 
most inefficient technique possible for 
regaining what has been gathered over a long 
period of time, Le., discovery (Bruner 1966, 
p. lOll. 

Discussion of the discovery approach to 

learning would be incomplete without mention of the 

Learning by Discovery Hypothesis. Bruner puts it thus: 

It is my hunch that it is only through the 
experience of problem solving and the effort 
of discovery that one learns the working 
heuristic of discovery, and the more one has 
practice, the more likely is one to generalize 
what one has learned into a style of problem 
solving or inquiry that serves for any kind of 
task one may encounter (Bruner 1961, p. 31). 

The major technological advance of five 

centuries ago, the textbook, revolutionized education 

of that time. More recent advances are classified by 

Schramm as the "little media"-wthe simpler ones such 

slides, film strips, transparencies, radio, and the 

textbook--and the "big media"--televsion, sound film 
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and video tape, and computers, the "glamour boys of the 

field," development of which was possible only by the 

emergenee of the electronics age. The "little median 

pre-date the modern mathematics era and only brief 

mention of the use of radio instruction is included 

here. 

The first instructional radio stations began 

operation in 1921 at the University of Wisconsin (Reed 

1942, p. 15) and Nebraska Wesleyan University. The 

latter had broadcast code messages for student practice 

in receiving code several years earlier. By 1935, 22 

educational radio stations were broadcasting 

instruction, primarily to high schools and for teacher 

training (Atkinson 1942, pp. 12-15). The Rochester 

(NY) School of the Air, inaugurated in 1933, is an 

example of radio instruction in the public schools. By 

1937, their radio classes enrolled 55,000 pupils in and 

near Rochester and involved more than 160 schools 

including some in Canada. Reports from student 

examinations indicated that radio instruction at 

least as effective as the traditional. 

Skornia cautioned that radio was becoming a 

neglected medium, suggesting that radio is more 

available than television (TV), and that radio with the 

of printed materials may present an advantage over 

TV, which diverts attention and makes notetaking or use 

-----------------
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of printed materials more difficult (Skorni. 1968, 

p. 85S). 

Instrlliion!!-1!levision: TV and films were 

the first of the big media to emerge as instructional 

aids. Essentially TV, films, and video tapes have the 

same capabilities, but most research has focused on TV 

instruction. The same focus is maintained in this 

study. 

TV was thought of by scientists as far back as 

the 1870's, but the technology was not available then. 

The first formal TV instructional program appears to 

have been produced at Iowa State University in 

1932-1933, and by 1937 more than 400 programs had been 

produced in a variety of subjects. TV captured the 

imagination of the public but not of educators. By 

1948 only five educational institutions were seriously 

involved in or planning TV instruction (Hull 1962, 

p. 7). Gradually instructional use of TV increased. 

Chicago Television College opened in 1956, 

offering an Associate of Arts degree entirely by TV 

(Scully 1938, p. 10). In the early 1960 t S an ai rplane 

flew over central Indiana broadcasting TV class lessoos 

to parts of six states (Educational Television, The 

!!.!!!.-!!.~ 1962, p.2) in what was ridiculed 

"educational crop dusting" (Hechinger 1980, p. 6). 

About the same time the Ohio state legislature added 
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IIfive dollars per school foundation unit to each public 

school system which 

(Hull 1962, p. 9). 

television in some fashion" 

A distinction should be made between 

instructional TV snd televised instruction. The latter 

simply repeats the lecture hall happenings with an 

essentially unlimited audience, location, and time 

added dimensions. The former attempts to design 

performance to capitalize on the visual potential of TV 

as an integral part of the instruction, such as a 

close-up view of open heart surgery (Dubin and Hedley 

1969, p. 12). 

Most of the early use of educational TV was 

televised instruction, sometimes with entire 

being televised due to the lack of room for students. 

It was a waste of a good communication tool and 

Postlethwait claims lIit gave educational te1evsion a 

setback which will take years to overcome'! due to 

faculty resistance (Postlethwait, Novak, and Murray 

1969, p. 5). More recently, with declining 

enrollments, TV is not substituting for an instructor; 

rather TV is providing for off-campus learning 

or is being used as part of an integrated multimedia 

ins truc tiona 1 system. 

The advocates of instructional TV have claimed 

these advantages: 



1) It provides a good teacher in every subject and 

school. 
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2) It may be used where skills, faculty, or facilities 

not available. 

3) It is good at bringing demonstrations into the 

classroom, for example, every student 

the microscope ll simultaneously. 

"look through 

4) It spurred re-evaluation of goals and led to better 

prepared lessons. 

5) It frees the teacher for individualized work with 

students. 

6) It concentrates student attention. 

1) 

2 ) 

3) 

4) 

5) 

6 ) 

Criticisms have included the following: 

Instruction becomes fragmented and impersonal. 

It does not stop to questions. 

It does not readily permit class discussion. 

It does not conduct drill efficiently. 

It loses teacher sensitivity to the students. 

It is often ill adapted to local or individual 

needs. 

7) It encourages passive rather than active learning. 

From the pros and cons, it is clear that 

instructional TV may produce more effective learning in 

subject areas than in others. 

!!!~~i!.!--1.!l!.!!.uction: Postlethwait I s 

Audio-Tutorial (A-T) instructional system, originally 
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developed for and still used primarily in biology 

courses, is an attempt to meet the ideal educational 

situation by providing the student with access to a 

good teacher for one-to-one tutoring through the use of 

technology. In essence this corresponds to radio 

instruction coordinated with printed materials, but 

Postlethwait developed it further. He described the 

basic philosophy 8S follows: 

A I good' teacher is asked to assemble the 
items he WQuid use to teach one student and, 
while sitting among these items, to record on 
audio tape the conversation he would have with 
one student as he tutored that student through 
a sequence of learning activities. The 
product--the tape, tangible items, visuals and 
printed materials can be duplicated as lIlany 
times as necessary to accommodate any number 
of studentSa Obviously the programme produced 
in this way will be limited by the cleverness 
of the teacher but the corollary is also 
trueM-a clever instructor can intimately 
involve the student in important and useful 
learning activities. The student now has 
access to the clever instructor in more ways 
than through the written word. Subtle 
communication through connotatioDs by 
inflections in the voice are provided by the 
audio tape and the tangible, visual and 
printed materials assembled can ex.hibit the 
full skill of a great teacher to involve a 
student in a sequence of learning activities 
or a 'symphony of learning' (Postlethwait 
1974, p. 200). 

To a program consisting merely of lectures on 

audio tape, other media were added in the individual 

study booths--tangible items, printed materials, and 

visuals. Then a general assembly and small group quiz 

sessioDs were incorporated into the system. Some of 
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the advantages Postlethwait claims for the A ... T system 

are specifically biology-related; the more general 

1) the facility for repetition due to the taped 

sessions, 

2) appropriately sized units, 

3) the use of multimedia to adapt to learners I 

pre ferences, and 

4) the active involvement of the student. 

Modifications of his system have included self-pacing. 

Schramm identifies the real plus of media in 

instruction. 

Tbe real importance of these new 
electronic devices is that they offer a way to 
relieve the teacher of some of the drudgery of 
teaching facta and skills, from some of the 
drilling, from trying to appear expert in more 
areas than anyone can possibly be expert in, 
from trying to provide more demonstrations 
than anyone institution can possibly provide. 
By relieving them of such time-consuming and 
inefficient activities they offer the teacher 
a chance and free tim.e to belp individual 
students, to help all students acquire the 
ability to solve problems, to think critically 
and to develop tbeir creative and inventive 
talents- .. kinds of teaching which are not so 
well done by machine (Rull, p. 15). -

McKeachie, in discussing the need for student-

teacher dialogue for development of thinking and 

motivation, emphasized the limitations of modern 

technology. "The technological bottleneck in education 

is that we have no device that allows a teacher to 
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listen or respond to more than one student at a time" 

(McKeachie 1970, p. 13). 

Tutoring is not an innovative instructional 

technique in the sense of newness. Alcuiu was assisted 

by tutors in his instruction at the palace school of 

Charlemagne in the late 780's (Bowen 1975, p. 10), and 

the first guttural sounds of instruction from human 

parent to offspring are conceptually the The 

British have had a long tradition of tutoring, notably 

at Oxford and Cambridge, where small groups of students 

were guided by an assistant professor or a graduate 

student and many students had private tutors as well. 

In 1798, Joseph Landeaster attempted to formalize peer 

teaching in his school for the poor (Goldscbmid and 

Goldschmid 1976, p. 10), tutoring was widely used in 

the one-room schools, and, more recently, it has been 

used in counseling and in drug abuse and crime 

abatement programs. 

By 1914, tbe Princeton University mathematics 

department already had a nine year old tutoring program 

in operation-wtwo men of the department were on duty 

each evening in a vacant classroom to assist students 

individually with their assignments. The faculty 

members felt their problems came from the smallness of 
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the department Bnd the faet that it was 80 much easier, 

particularly when rushed, to work the problem for the 

student rather than to point the direction towards the 

solution. They regarded. their evening "in Missouri" 8S 

the most strenuous of the week (MacInnes 1914, p. 2~8). 

Tutoring does not have a standard definition in 

the literature. Perhaps the most common usage is 

instruction of no than three or four students, 

though often just oDe, by someone other than the 

regular teacher. The tutor attends to the difficulties 

of the student, provides a great deal of practice in 

the developing skills, 8ssesse8 student progress, 

provides continual feedback, and provides reinforcement 

and prahe. 

Many of the historical uses of tutoring relied 

cross-age tutors, persons of a higher educational 

level and usually of a more advanced age; only the 

elite few could afford to have a tutor for their 

instruction. Peer tutoring, teaching by persons of 

similar age and educational level, was introduced in 

higher education much more recently, for example, at 

the Free University of Berlin in 1951 (Goldschmid and 

Goldschmid 1976, p. 10). 

The crucial advantage in tutoring is the active 

involvement of the learner as advocated by Piaget and 

others. Peer tutoring is claimed to benefit both tutee 
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and tutor, cognitively and sffectively. The tutor 

learns from teaching another, as all teachers know, 

even if the tutee is far below the tutor's level in the 

subject matter. Spillover effects may include improved 

self-esteem and self-confidence for both parties to the 

tutoring and perhaps increased motivation on the 

learner's part. Potential economic advantages are 

clear: Students or paraprofessionals fulfilling 

functions normally assumed by an instructor may 

represent a financial savings while still providing 

increased individualization for the student. Some 

advocates even claim political advantages in using peer 

tutoring programs, hut if they exist, they lie beyond 

the realm of this study. 

Tutoring may assume various formats: graduate 

students leading relatively small discussion and 

problem solving groups for students of the large 

classes so common in universities; proctors in 

individualized study programs, assisting students in 

course msste'ty th'tough evaluation and feedback; and 

other formats as described in the lite'tatllre under the 

umbrella of tutoring of which, in cases, the tutor 

and tutee are at the level in the same class and 

may exchange roles. For this study peer tutor 

connotes similar age or student status, opposed to 

faculty or paraprofessional status, but at 
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educational level at least one course above that of the 

learner. 

Bruner provides persuasive rationale for peer 

tutoring. 

It has long been obvious that children 
learn from their peers, but a more significant 
observation is that children learn from 
teachinLother children:- From thTsamajor 
edU'catTonaT-strategytollows; namely, that 
every child must be given the opportunity to 
play the teaching role, because it is through 
playing this role that he may really learn how 
to learn •••• 

The experience of the 1960 1 8 seems to 
indicate that the key to learning is 
individualization, snd the use of the student 
or pupi 1 8S a teacher is one way to increase 
thia individualization. 

The concept of learning through teaching 
appears to be one of those basic ideas which 
do work, and it is finding a place in an 
er>ormous variety of settings ••• where the 
entire school is directed toward becoming a 
"tutorial community" (Bruner 1972, p. 29). 

The innovative methods to be considered 

the following: 

1) programmed learning and teaching machines, 

2) individualized instruction, 

3) CBI, primarily CAl, 

4) laboratory and discovery methods, 

5) TV, 

6) A-T, and 

7) tutoring. 



The questions to be researched are the 

following: 

1) What is the relative effectiveness of the 

innovative instructional methods measured by 

student achievement and compared to the 

traditional lecture method? 

2) What is the relative effectiveness of the 

innovative instructional methods on students of 

differing abilities and at varying course levels, 

from remedial through college sophomore level. 

3) Relative to the traditional lecture, what is 

the effectiveness of combinations of the 

innovative instructional methods. 

Q!!!.!iiica!~~Lg~~! 
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Clearly the methods selected for study not 

mutually exclusive. For example, tutoring may be 

involved in each method, and, in fact, is a vital 

component of both individualized instruction (I.I.) and 

tutoring; programmed textbooks may be used across the 

spectrum; and CMI may be utilized in sny of the 

methods. Studies will be classified according to the 

primary characteristics as well the absence of 

others. A characteristic which is optional or not 

expected in a method will be considered as a variable 

in the analysis; for example, the use of a programmed 
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text in A-T ins truct iOD or a CAr drill in an lor. 

system adds a variable to the analysis of tha t method. 

The following chart categorizes characteristics 

according to their status in each method; the 

categories are requi red (R), expected (E), optional 

(0) , and not expec ted (N). Unavoidably some s ta tus 

ca tegor iz a t ions are judgment calls. 

Table 3: Characteristics of Instructional Methods 

ProSrmd 1.1. CAl Labs TV A-T Tutor Lect. 

Supplements 1 
or Total 

S,T S,T S,T S,T S,T 

Programmed R 0 0 0 0 
Materials 

Written 0 R 0 0 0 0 
Objectives 

Small Units R R 0 0 0 E N N 

Study Guides 0 R 0 0 R N 

Mastery E R R N N 
Learnl.ng 

Tutors R R 
Available 

Individual 0 R 0 R 

Group Work 0 0 0 R 0 

Media Used N 0 0 0 R R 0 0 

Hodels, Etc. N R N E 0 

Computer Used 0 R 0 N 0 N 

Lectures 0 N N E R 

R = Required, 0 ... Optional, E ... Expected, N - Not Expected 

Very few of the studies of innovative methods 

published until the late 1950's. Generous federal 



support for research and the Russian success in space 

contributed to making 1959 one of the most productive 

years for research. For those reasons, this meta· 

analysis will consider studies reported during the 

period 1959-1986 and will use previous studies and 

reviews of research for background only. 
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The lecture method is the traditional 

instructional technique in higher education and it will 

a control for this study. Studies that deal 

with the following concepts will be excluded: 

1) The effect of differing patterns of high school 

mathematics training 

2) Approaches based 

the student's college success. 

a specific mathematical theory, 

eg., a vector approach versus an analytical approach. 

3) Course comparisons. 

4) Mathematics courses for prospective elementary or 

secondary teachers for which the level of mathematics 

is unclear. Methods courses 

content courses generally are. 

not lower division; 

5) Cognitive styles, matching teaching and learning 

styles, and relieving mathematics anxiety. 

~!..!.!!.!!~ions 

It is a recognized fact in education that 

cannot attribute student achievement only to the 

instructional methods used and isolate it from other 
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factors in the environment and heritage of the student. 

For purposes of this study, however, the assumption 

will be made that achievement can be analyzed without 

consideration of the background of the students and 

without respect to the cost or feasibility of 

implementation of the instructional method in specific 

circumstances. 

It will be assumed that reviews of research 

which identified in the literature search reported 

results accurately. Thus the original studies were not 

examined for the overview of research; only those that 

were identified as studies in lower division college 

mathematics classses were considered for analysis and 

possible inclusion in this study. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The background of each method was presented in 

Chapter I. An overview of the research will comprise 

the major part of this chapter. 

The d~!!!!.L!~!~~!!££!Li.!!2!.I!!~!!!.!.!i£~ 

g~£..! ... ti2!!.' published since 1969, served as a launching 

pad for the review of literature. Beginning in 1973, 

Suydam, alone or with another person, published 

annotated and categorized listing of all located 

research related to mathematics education that 

published during the precedinf?; year. She also compiled 

several summaries of research in various areas of 

mathematics education available through the Education 

Resources Information Center (ERIC). Her listings 

referenced similar listings of doctoral dissertations 

in '§'£!!'~L.§.cie!!.~_~!:!!.!.hem!!ics. The bibliographies 

within the research reports cited in these listings 

provided a wealth of other studies and background 

material for this study. 

Fifty years ago, Douglass (1934) found very few 

studies dealing with the effectiveness of various 
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instructional methods, but the relative effeetiveness 

of large units versus daily assignments and of 

individualized versus group instruction had been 

studied without arrival at indisputable overall 

conclusioos. He felt that brighter students achieved 

more with the larger units and individualization, and 

overall, that supervised study contributed to greater 

achievement. 
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Dubin and Taveggia reviewed 91 studies of 

college instructional methods from the period 

1924-1965. They concluded that when differences 

measured by final examination scores "TUERE ARE NO 

DIFFERENCES THAT AMOUNT TO ANYTHING" (Dubin and 

Taveggia 1968, p. 8). However, they cons idered only 

three methods: lecture with varying amounts of 

discussion, supervised and non-supervised independent 

study, and tutorials. They concluded that the teacher 

is the key. They modified their stand later when 

considering some of the innovative methods using newer 

technology. 

The next section of this chapter will be 

devoted to presentation of reviews of research in each 

of the selected instructional methods. 
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f!:£.&!.!.!!!~!~~~& 

During the early 1960's, millions of dollars 

invested in programmed learning, which was 

advertized as the greatest educational advance since 

the invention of printing. The literature of the late 

1950's through the 1960's abounds with reports of 

empirical studies and with articles either proclaiming 

or denouncing programmed instruction (P.I.) and 

teaching machines. Industry and the armed services 

were as involved in this "behavioral engineering of 

teaching procedures" as were education and psychology 

(Holland 1960, p. 215). A considerable quantity of 

research was performed in the United States Navy and 

Ai r Force, and the £i rat book pub 1 i shed abOll t P. I. , 

edited by Eugene Galanter, included a series of papers 

presented at a symposium under the auspices of the Air 

Force Office of Scientific Research in 1958 (Silberman 

1958, p. 179). 

The early reviews of research on P .1. and other 

methods considered below used either the narrative 

method or the box score method to summarize findings. 

The narrative review described specific studies and 

indicated observed trends. The box score review 

generally included findings regarding the program 

variables--response mode, step size, programming logic, 

pacing, reinforcement, and other aspects of P.I.--but 

---------------



this review will focus on the findings regarding 

achievement, with only brief mention of efficiency, 

student preferences, attitudes, and other variables. 
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Silberman (1962) listed 19 studies that were 

reported between 1958 and 1962 and featured global 

comparisons of P.I. and conventional instruction. The 

tally tended to favor P.1. Of the 11 studies directly 

comparing P.I. and conventional instruction, six found 

significant differences in favor of P.I. and the other 

five found no significant differences. Of the other 

eight studies, the two comparisons of the programmed 

text and programmed lecture found no significant 

differences, as did the three studies comparing P.I. 

with and without the use of teaching machines. In 

three studies, a P.I. group performed significantly 

better than a no-instruction group. The P.I. groups 

tended to be more efficient with respect to the 

neces sary s tuden t time inves tment, bu t since mos t 

studies did not describe the conventional instruction, 

assurance of equality of content was lacking. Neither 

the subject matter nor the age level of students in 

each study was indicated in Silberman's review. 

Schramm (1964) reported that nearly half the 

research papers be reviewed dealt primarily with the 

presentation variables of the program and nearly 30% 

dealt with the response modes. A few experiments were 
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carried out with special populations--slow learners, 

deaf children, military personnel, industrial trainees 

--and most programs were of the linear type. Many of 

the remaining experiments were evaluative tests 

comparing the amount of learning from programs with 

that from conventional classroom instruction. Schramm 

identified 36 comparisons of P.I. with conventional 

instruction, 16 of them carried out in colleges. Of 

these 36, 18 comparisons or 50% showed no significant 

differences, 17 significantly favored student learning 

using P.I., and one showed significant superiority for 

the regular classroom student. Eight of the studies 

found a time advantage for students using P.I. 

In the same year Briggs and Angell (1964) 

focused a review on P. I. in science and mathematics, 

looking at comparisons between P.I. and conventional 

instruction as well as the variables of P.I. Nineteen 

studies compared the two methods, five in science and 

14 in mathematics. The studies in science seemed 

rather inadequate even for box score tabulation. The 

studies conducted in high school physics classes varied 

only the relative role of P.I. and conventional 

instruction: In one, P.I. supplementary to the 

conventional class and was found to be significantly 

superior to the class alone; in the other, the 

conventional class was supplementary to P.I. and 
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significant difference was found. The two studies in 

elementary school compared the effects of P.I. with 

instruction whatsoever. As would be expected, the 

former produced significantly superior learning. The 

one college level study, in chemistry, showed no 

significant difference on immediate learning or short 

term retention, but students did Dot like the automated 

learning and felt the machine was an obstacle to 

learning due to its serious malfunctioning. 

Of the 14 %:l3thematicz studies, only nine 

compared P.I. with the conventional classes. Two 

significantly favored P.I.; four found no significant 

differences; and three did not indicate a significance 

test. The remaining five essentially found no s ignifi

cant differences in achievement through independent 

study, teaching machines, closed circuit television, 

programmed textbooks, or P.I. with students working in 

pairs or individually, with self-pacing or forced

pacing. Thus the box scores gave a slight edge to P.t. 

Three years later Lackner (1967) indicated that 

P.t. at all levels in mathematics and related fields 

has been found generally to be as effective as class

room instruction and, with specific qualifications, to 

be more effective. Her review classified each study 

according to many of the variables of programming and 

by comparison to other modes of instruction; however 
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her review was mostly narrative and the findings 

not indicated for several studies. Only five studies 

in this review made any type of comparison between 

achievement by P.I. Bnd conventional instruction and, 

even then, the program was only supplemental, not in 

place of, conventional instruction. Of the seven 

comparisons in these studies, four significantly 

favored P.I. and three found no significant difference. 

Another study compared P.I. and television instruction 

and found no significant differences. Again the box 

scores slightly favored P.I. 

Zol! (1969) reviewed studies on P.I. in 

mathematics at all levels. Of the studies in which 

P.I. and conventional instruction were compared, the 

box scores resulted in a tie among studies showing 

significant results. More precisely, seven found no 

significant differences in student learning gains, six 

reported significant learning gains, three each in 

favor of P.I. and conventional instruction. Zoll also 

reported studies considering student attitudes towards 

P.I., the personality and mat~ematical backgrounds of 

students using P.I., and effects of modifications of 

format and presentation of programs. Twenty-two of the 

30 studies he reviewed were reported in doctoral 

dissertations and very few of the researchers used 

commercially prepared programs or evaluative 
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instruments. Also, .sample sizes were relatively small 

and most of the experiments were of relatively short 

duration. 

Nash, Muczyk, and Vettori (1971) reviewed over 

100 studies from industrial, educational and military 

settings. Their review was not 88 favorable to P.I. 

the early reviews, but more so than that of Zoll in 

which the subject matter was restricted to mathematics. 

They acknowledged that a difference exists between 

findings of statistical significance and practical 

significance. In fact, statistically significant 

differences in some studies are sometimes smaller than 

insignificant differences in others because of the 

sample sizes of the studies. Though the meta~ 

analytical methods since attributed to Glass (976) 

were probably not familiar to Nash et a1. at the time 

of their review, they approached the task analytically, 

placing emphasis on ~ difference exists instead 

of merely the statistical significance, on the three 

criteria of training time, immediate learning, and 

retention. They defined effectiveness as a percentage 

difference, 

very much as Glass defines effect size; acknowledged 

possible causes of inaccuracies; and, reasonably though 
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arbitrarily, defined "practical" significance. 

Applications of this analysis on immediate learning 

produced findings of practical significance that 

favored P.I. in slightly less than 19% of the studies 

and favored conventional instruction in 5% of the 

studies. With the usual definition of statistical 

significance and tabulation of box scores, as in the 

previously mentioned reviews, 36% favored P.I. and 13% 

favored conventional instruction, while 51% of the 

studies yielded no significant differences. 

Jamieson, Suppes, and Wells (974) narratively 

reviewed P.I. They concluded that P.I. was generally 

as effective as the traditional instruction and may 

have resulted in a time savings for the student. 

Kulik and Jaska (1977) reviewed college level 

P.I. as part of their analysis of educational 

techniques replacing conventional instruction for a 

major part of Of nine studies comparing the 

effectiveness of P.t. and traditional instruction 

measured by final examination performance, three 

studies favored P. I. significantly while no significant 

differences were found in the other six. Overall, 

achievement was 5% higher in the programmed course than 

in the conventional. Only one study considered 

retention, that with a finding of no significant 



difference. Two of the tbree studies on time 

requirements showed a significant savings for P. I. 
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After the peak of enthusiasm for P.I. had 

passed, Hartley (1977) and Kulik, Cohen, and Ebeling 

(1980) used the meta-analytical methods of Glass (976) 

to synthesize the research studies of P.I. Hartley 

reviewed mathematics in elementary and secondary 

schools, and Kulik et a1. reviewed many subject areas 

in higher education. 

Hartley (1977) considered P.I. as one component 

of a review of individually paced instruction. A 

meta-analytical synthesis of 45 studies with 89 

comparisons of P.I. versus traditional instruction 

produced an average effeet size of .11 in favor of 

P.I., either 8S a supplement to a replacement for 

traditional c:lassroom instruc:tion. The.ll effec:t size 

meant that effec:ts for P.I. averaged .11 of a standard 

deviation above the traditionally-taught comparison 

group. These data do Dot indicate box sc:ores of 

signific:ant differences as in the previous reviews, but 

the average effect size does indicate a slight 

advantage with respect to achievement for students 

using P.I. 

Rulik et al. (980) reported a slightly more 

favorable trend towards P.I. Their review c:onsidered a 

sample of S6 studies and considered student achievement 
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as well 8S student ratings, course completion, and 

student study time. The box scores for the achievement 

comparisons were 25 significantly favoring the P.I. 

class, four significantly favoring the conventional 

class t and the remaining 27 finding significant 

differences between the two methods of instruction. 

With meta-analysis, the effect size was .24, meaning 

the e ffee t 0 f PoI. in a typical c las8 was to ra iee 

student achievement almost one quarter of a standard 

deviation, double that found by Hartley. Thus a 

typical P.I. student performed at the 59th percentile 

while the typical conventionally-taught student 

performed at the 50th percentile. The null hypothesis 

of no effect of P.I. on student achievement 

rejected. The finding on student ratings and course 

completions was no significant difference, but on study 

time, the equality of methods hypothesis was rejected. 

Average study time for the student in P.I. was about 

17% less than that of the student i;" a conventional 

class, approximately a one hour savings out of the 

average six hours per week needed by. the student in the 

conventional class. 

Kulik, Schwalb, and Kulik (1982) reviewed 48 

studies of P.I. in secondary sc:hools across the 

disciplines. By meta-analysis, they found that in 

general P.I. produced almost no improvement in the 
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effectiveness of secondary teaching (effect size of 

.08), but differences existed according to the subject 

area, year of study, grade level, snd length of study. 

Social sciences showed a rather large average effect 

size (.57 for the six studies), but in mathematics it 

was slightly negative ( •• 01 was quoted in the text and 

-.07 in the table) meaning traditional instruction 

produced 81 ight ly superior achievement. The more 

recent studies tended to find a more positive effect 

size of P.t. as did those in the higher grade levels 

and of shorter duration. 

!!!!!!!l!!..I.: Researchers tend to agree that the greatest 

contribution of the P.I. movement is the establishment 

of clear-cut goals and their translation into 

behavioral objectives (McKeachie 1967, p. 51), well 

8S the emphasis on active learning on the part of the 

student. 

The reviews of comparisons of P.I. and 

traditional instruction tend to show supericrity 

of P.I. on student achievement, but it appears that 

effect varies according to the subje_ct matter and 

diminishes as the duration of the study increases and 

as P.I. becomes a replacement for, instead of a 

supplement to, traditional instruction. 

"It has yet to be demonstrated, however, 
that it is possible to devise programmes 
embodying this approach which can take the 



student beyond limited goals at the cognitive 
level and give him an overview of mathematics 
as a whole" (New Trends in Mathematics 
~!!.£hi!!&, IV, 1979-;-p:-"6Tr:"--------

A summary of conclusions from the reviews of 

P.I. is provided in the following tables. 

Table 4: Narrative Reviews of Programmed Instruction 

Author Date Level Subject :it Conclusions 

Jamieson, 1974 All Many 12 > or = Traditional 
Suppes & Wells 

Table 5: Box Score Reviews of Programmed Instruction 
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Author Date Level Subject # Comparisons +PI NSD +Trad ? 
of P.I. & Trad. (Significantly) 

SilberDlB.R 1962 11 

Schramm 1964 All 36 17 18 

Briggs & 1964 All Science 
Angell Math 

Lackner 1967 All Math/Science 

Zoll 1969 All Math 13 

*Nash, 1971 All 138 36% 51% 13% 
Muczyk & 
Vettori 

Kulik & 1917 Coll 
Jaska 

* 'lhe t:arisJ DEthxl utilize:l ~ a ''pre"~ysis. 
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Table 6: Meta-Analytical Reviews of Programmed Instruction 

Author Date Level Subject II Comparisons Effect Percentile 
of P.I. & Trad. Size Change 

Hartley 1977 E10m Math 89 .11 +4 
Sec 

Kulik, 1980 All All 56 .24 +9 
Cohen, & 
Eberling 

Kulik, 1982 Sec All 48 .08 +3 
Schwalb, .57 in Social Sci. 
& Kulik -.01 in Mathematics 

Soon after Keller's "Goodbye, Teacher 

appeared in 1968, McMichael and Corey (1969) published 

their comparison of achievement of students in PSI and 

conventional sections of an introductory psychology 

course. Later studies focused on other dependent 

variables: mastery learning, frequency of testing, 

pacing, length of units, role of proctoring, and 

self-grading versus proctor-grading. 

The procedures of many programs of 

individualized instruction differ frpm. the PSI model in 

one or more characteristics. In this review such 

programs will be referred to more generically as 

individualized instruction (1.1.), unless stringent 
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adherence to all the characteristics of PSI has been 

explicitly maintained. 

Kulik, Kulik, and Carmichael (1974) reviewed 

unspecified number of evaluative studies of c·ol1ege. 

level 1.1. identical to or very similar to the Keller 

Plan, specifically including at least self-pacing and 

mastery learning. The article was titled "The K€.ller 

Plan in Science Teaching" though the tables in the 

article listed 13 studies in psychology instruction and 

12 in instruction of physics, engineering, biology, 

library science and economics. They acknowledged that 

caution was necessary in evaluating conclusions from 

the included studies since most were reported orally at 

professional meetings or were published in nonrefereed 

journals. Their narrative review concluded the 

following: Students prefer 1.1. to lecture 

instruction, mostly due to the self-pacing and 

student - tu tor interac t ion; wi thdrawal and 

procrastination may be more of a problem with 1.1. than 

with traditional instruction; final exam performance in 

1.1. sections was adequate, and, in ·published studies, 

always at least equaled and usually exceeded 

performance in lecture sections; students invariably 

claimed they learned more with 1. t. and usually 

reported a greater effort and time investment with 1.1. 

than with lecture courn;:!;s. 
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Kulik, Kulik, and Smith (976) indentified 39 

soundly designed experimental studies comparing final 

exam performance of 1.1. and lecture students. Of the 

39 studies, 34 significantly favored 1.1. and the 

others showed no significant differences. The 

practical significance of the differences 

impressive. The typical comparison indicated about 2/3 

of a standard deviation difference between the 1.1. and 

lecture final exam means. That is, the typical student 

in 1.1. performed at the 75th percentile compared with 

the 50th percentile for the average lecture class 

student. 

'\{ulik et a1. also considered the nine studies 

that investigated retention over time intervals ranging 

from three weeks to 15 months. In each, the 1.1. 

students performed significantly better than the 

lecture students. Kulik et al. attributed the superior 

performance to the learning of meaningful concepts and 

applications rather than rote memorization. They noted 

that in eight out of nine cases, students rated I.!. 

higher than lecture courses._ Additionally, 

Kulik et a1. :-eviewed transfer of learning, efficiency 

of instruction as measured by student study time, and 

the characteristic variables of small units, immediate 

feedback, mastery learning, proctoring, pacing, and 

lectures. 
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Schoen (1976) referred to his earlier 

nonpublished review in which the studies of 

individualized mathematics instruction were carried 

out in elementary schools and the results "were 

overwhelmingly against individualized instruction 

measured by mathematics achievement" (Schoen, p. 352). 

He performed his 1976 review on studies conducted with 

equivalent groups of secondary snd postsecondary 

students. The approach in most of the studies was a 

researcher- or teacher- developed program based the 

IPI model with mastery learning of short units. Twelve 

studies at the secondary level and five at the 

postsecondary level compared achievement in an 

individualized group and a traditional class. One of 

the seco~dary level studies significantly favored 1.1.; 

three favored the traditional; the other eight found 

significant differences. Four of the college level 

studies analyzed achievement: one significantly favored 

1.1. and the other three found no significant 

differences. Additionally, there was insufficient 

evidence to conclude that I. I. improved student 

attitudes towards mathematics. Thus the overall tally 

did not tend to entice a conscientious educator to 

invest the time, effort, and expense necessary to 

provide 1.1. 
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At approximately the time, Miller (1976) 

reviewd 145 studies of which 88 compared 1.1. with 

traditional instruction in mathematics from 

kindergarten through college leveL His criterion for 

classification of instruction as individualized was 

that self-pacing and individual learning were involved. 

Each study was coded according to this scale: 

Significantly favored traditional 

Mixed results favored traditional 

No significant difference 

3 Mixed results favored individualized 

Significantly favored individualized 

Weighted averages were calculated. Almost half (47.7%) 

the studies found significant difference, 15.9% 

favored traditional, snd 36.4% favored 1.1. The 

average of 2.36 indicated a slight edge for 1.1. 

traditional instruction. Thirty-three studies of the 

effects of 1.1. on student attitude toward mathematics 

produced 

but less 

average of 2.24, still favorable to 1.1. 

than the achievement effect was. 

At the college level, the ac·hievement average 

of eight studies was slightly higher, 2.375, and all 

three of the attitude toward mathematics comparisons 

were coded 112.11 Miller considered the number of 

studies of retention, transfer and other variables to 

be too small to draw conclusions, and he noted that the 
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effect of I.t. on achievement decreased as the time 

duration increased. 

Hursh (1976) reviewed 23 studies presenting 

data indicating the effectiveness of 1.1.; 16 compared 

1.1. to other teaching formats. Bis narrative review 

emphasized that no attempts were made to control 

potential confoundings or to measure reliably either 

the teaching methods or the student outcomes. 

However, a consistent performance advantage 
evidenced by students in personalized courses, 
the variety of subjE.ot matter personalized 
systems have been used to teach, and the many 
different cot lege and university settings that 
bave adopted PSI suggest that their 
effectiveness is a bona fide pbenomenon rather 
than an artifact produced by uncontrolled 
experimentation" (Hursh 1976, p. 92). 

He reports uniformly higher exam results and student 

ratings for I. I. than for conventional instruction. 

Taveggia (1976) published a review strongly 

favoring I.!. eight years after he stated unequivocally 

that no demonstrable difference exists among college 

teaching methods or media. He reviewed 14 studies with 

28 independent comparisons of student achievement in 

I. I. and lecture classes, none of which were 

mathematics courses. The comparisons unanimously 

favored 1.1., 17 significantly; the data reported in 

several of the remainder were such that significance 

tests could not be performed. He had concluded in liThe 

Teaching-Learning Paradox" (1968) that teaching 
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materials, tests, and teachers, not teaching methods, 

produced differential achievement. In this review he 

attibuted the differences to the 1. 1. presentation of 

materials, the frequency of unit testing, and mastery 

learning. 

Hartly (1977) considered individualized 

instruction in her meta-analysis of four methods of 

mathematics instruction at the elementary and secondary 

school levels. The mean effect size of 139 comparisons 

of instruction by learning packages with conventional 

instruction was .158, which is considered .a small 

effect, raising the typical t.I. student's performance 

to the 56th percentile compared to the traditional 

control group student's performance at the 50th 

percentile. 

Hassett and Thompson (978) summarized the 

results of the 1976, University of Arizona, conference, 

Innovative Teaching Methods in Introductory College 

Mathematics, which they organized under the sponsorship 

of the Rocky Mountain Mathematics Consortit:.m. Seventy

two colleges and universities were r"epresented and 

there were reports 30 or more individualized study 

programs, of which 11 appeared in the conference 

proceedings. Some were complete statistical studies; 

others were careful experimental-control group studies 

without tests of significance; and B third set simply 



92 

compared data without designation of experimental sod 

control groups. Nine papers compared achievement of 

students in 1.1. and lecture methods as measured on a 

final examination. One found no significant 

difference; eight favored individualized instruction, 

five significantly; the three without a significance 

test showed a 12, 13, and 15 point advantage of the 

final exam scores a IOO-point final. They also 

indicated an advantage of 1.1. in transfer of learning 

as measured by grades in a followup Wi thou t 

tests of significance, seven papers reported 

improvement of attitude due to 1.1., but it was unclear 

whether "attitude ll referred to feelings toward the 

instructional format or toward mathematics. 

Cost-effectiveness was considered also. Hassett and 

Thompson reported highly favorable results of 1.1. 

Such support might be expected since studies drawn from 

presentations at a conference on innovative methods 

might tend to present a biased sample. 

The first meta-analysis strictly of PSI studies 

appeared in 1979. Kulik, Kulik, and· Cohen (1979) 

gathered data from 75 courses in 72 papers comparing 

I. I. and convent iona I in a variety of 

disciplines. Courses lacking any of the PSI features 

were excluded from the review. of the 61 studies 

reporting final exam performance, 57 favored PSI, 48 

-------.---~- --.~-
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significantly, while 3 favored conventional 

instruction, none significantly. The meta-analytical 

effect size was .49. Kulik et a1. described this as a 

medium-size effect, or one whieh is visible to the 

naked eye, comparable to the difference in height 

between 14- and IS-year-old girls (Kulik et al. 1979, 

p. 311). The average student in a PSI clas8 performed 

at the 70th percentile while the average student in a 

conventional class performed at the 50th percentile. 

Further, PSI was shown to be superior in retention of 

learning and in student preference. Course withdrawal 

rate and student study time were essentia l1y the same 

in both groups. Kulik et a1. analyzed the effects of 

several experimental variables and instructional 

variables and concluded that lithe superiority of 

personalized instruction clear under a variety of 

conditions with good and poor research designs 11 (Kulik 

et al. 1979, p. 317). 

Horak (1981) applied meta-analytical teChniques 

to the same studies of comparisons of 1.1. and 

conventional mathematics instruction- that Schoen 

reviewed by the voting method. He had concluded that 

traditional approaches produced superior achievement 

and the gap widened the duration of 1.1. extended 

beyond two or three years. Nine of the studies 

included in Schoenls tally were omitted from Horak's 

----.--~-.. ---. --.~---.--- ... -. 



94 

analysis due to insufficient data in the reports, and 

the remaining studies were all at the elementary and 

secondary level. The average effect size from the 129 

comparisons was - .07, meaning the average student in 

1.1. achieved .07 of a standard deviation below the 

average achievement in a convention classroom. This is 

considered a very small difference and does not provide 

the clear cut superiority that Schoen claimed for 

traditional instruction. 

~~!!!.!!!.!.ll: 1.1. has benefited from the same necessity of 

establishing clear-cut goals and sequencing as has 

programmed instruction. The reviews indicate that 1.1. 

students do as well as or better than those in a 

traditional lecture class--often with a time savings 

and an improved attitude toward the subject matter--and 

responsibility for education is shifted from the 

instructor to the student. 

It appears that the educational level and the 

subject matter impact the effectiveness of 1.1. 

relative to traditional instruction. The college level 

studies tended to favor 1.1. more than the elementary 

and secondary level--Kulik et al., Taveggia, and 

Hassett and Thompson compared to Schoen, Hartley, and 

Horak. Similarly, the studies of subject matter other 

than mathematics tended to favor 1.1. more than those 

focusing on mathematics--Kulik et a1. and Taveggia 



compared to Schoen, Hart ley, and Horak. The 

conclusions of the reviews are summarized in the 

following tables. 

Table 7: Reviews of Individualized Instruction 
by Narrative and Averaging Methods 
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Author Date Level Subject # Comparisons +II NSD +Trad ? 

Kulik, 1974 
Kulik, & 
Carmichael 

Kulik, 1976 
Kulik, & 
Smith 

Miller 1976 

Hursh 1976 

of 1.1. " Trad. 

Call Psych 25 > or • Tradi tiona 1 
& sci 

1.1. 

Call 39 34 
Avg mean diff: 

.67 S.D. 

All Math 88 36% 48% 16% 
Avg: 2.36 where 
2.0 is neutral 

All 23 Uniformly favored 

Table 8: Box Score Reviews of 
Individualized Instruction 

Author Date Level Subject # Comparisons +II NSD +Trad 
of 1.1. "Trad. (Significantly) 

Schoen 1976 Sec Math 12 
Call 5 

Taveggia 1976 Coll No Hath 28 17 11" 

Hassett & 1978 Coll Math 
Thompson 

* EMxa3. 1.1., bit: m ~ tests. 
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Table 9: Meta-Analytical Reviews 
of Individualized Instruction 

Author Date Level Subject # Comparisons Effect Percentile 
of 1.1. & Trad. Size Change 

Hartley 1977 Elem Math 139 .16 +6 
Sec 

Kulik, 1979 Coll All 61 .49 +20 
Kulik, & 
Cohen 

Horak 1981 Elom Math 129 -.07 -3 
Sec 

In 1967 t Suppes stated that there "is every 

to think that a ••• revolution has already 

begun in the use of computer-based devices as 

instructional aids" and that I1computer technology 

provides the only serious hope for accommodation of 

individual differences in subject matter learning" 

(Suppes 1967, pp. 2, 4). He predicted almost 20 years 

ago that teachers would regard computer terminals as 

indispensable aids to good teaching in the "not very 

distant future," as books are currently. His 

predietion has not been fulfilled. However the 

literature abounds with studies of CBI, and the use of 

CBI has increased greatly with production of the less 

expensive and more portable microcomputers. Time 
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!:!!..&~i!l!'e January 3, 1983, edition awarded liThe Man of 

the Year" honors to the personal computer and reported 

that 68% of registered voters felt that microcomputers 

would enhance their children's education (Bear 1984, 

p. 1). 

Of the current instructional methods, CAl 

provides the richest and most individualized 

interaction between student snd curriculum. Given the 

data collection capabilities of the computer, one might 

expect more evaluative reports of CAl than currently 

exist. However, many evaluations of the effectiveness 

of CAl programs have been conducted for most 

educational levels; many summaries will be reviewed 

briefly in the following paragraphs. 

As in other areas of research, the early 

reviews of CBI are narrative the tallying 

method. Feldhusen and Szabo (1969) the former 

method in their review, liThe Advent of the Educational 

Heart Transplant, Computer Assisted Instruction •• 

It covered four categories, namely, reviews of CAl 

research, basic learning studies, comparative studies, 

and research on individual differences. More than a 

dozen studies were cited comparing CAl with other 

instructional methods, and several studies of basic 

research into learning and individual differences were 

described. They indicated that much of the empirical 
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research was inadequate and of poor quality, but at the 

same time evidence suggested that CAl teaching was as 

effective as other methods, often with time savings. 

Their conclusion was that lithe transplant patient, the 

clasroom, has a new viable heart, the computer ll 

(Feldhusen and Szabo 1969, p. 271). 

Vinsonhaler and Bass (1972) reviewed IImost 

major studies of CAl" in the drill and practice mode in 

elementary school mathematics and language arts. In 

all the studies, the CAl drill was supplemental to 

traditional instruction for the experimental group. 

The unit of comparison was the difference in mean gain 

scores on standard tests. Of the 29 comparisons in 

mathematics classes, only two difference scores were 

negative, that is, favored the traditionally.instructed 

group. The others favored the experimental group, the 

majority of them significantly. Elementary children 

using CAl generally showed performance gains of from 

one to eight months in grade· equivalent scores 

those receiving only traditional instruction. 

Vinsonhaler and Bass concluded that .CAt as an addition 

to tradi tiona 1 c 1 :assroom ins truc t ion was u suall y 

effective than traditional instruction alone in 

developing skills, but that the major sources of the 

CAl advantage were not known at that time. 
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Cody's (1973) narrative review considers six 

topics: methods of using computers in education, CAl 

effectiveness, educational research applications of 

computers, major CAl projects, programming languages, 

and problems with CAt. His review of CAl effectiveness 

is me£l.ger; however, the few studies he cites tend to 

show a CAt advantage in achievement an.d time 

investment. 

Jamieson, Suppes, and Wells (974) included 

approximately 19 studies of CAl, well as some 

studies of eMI, as one component of their narrative 

survey of the effectiveness of alternative 

instructional media. They concluded that CAl was 

apparently effective. as a supplement to regular 

instruction at the elementary level, CAl was about 

effective as traditional instruction when used as a 

replacement at the secondary and college level, and CAl 

may have resulted in a time savings for the student. 

Edwards, Norton, Taylor, Weiss, and Dusseldorp 

(975) considered only studies in which effectivenss 

was measured by student achievement •. CAl results were 

compared with achievement attributed to other methods 

of instruction. Overall, for all levels and many 

subjects, they found that traditional instruction 

supplemented with CAl was more effective than 

traditional iDstruction alone. When CAl 
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substitute for traditional instruction, nine studies 

favored CAl, eight found little or no differences, and 

three showed mixed results. No mode of CAl proved 

universally more effective than the others, did CAl 

show superiority in the single comparison of CAl versus 

each of individual tutoring, language laboratories, and 

programmed instruction. There appeared to be 

considerable time savings in CAl, somewhat les8 

retention, and a greater effect on low ability students 

with CAl than with traditional instruction, though the 

samples for the latter two comparisons were rather 

small for generalization. 

McDougall's (975) review was essentially an 

overview of the development of and the research on 

computers in education and the effects on student and 

teacher behavior. Her review of experimental studies 

comparing achievement indicated results similar to the 

earlier reviews--CAI was at least as effective as, 

sometimes more effective than, traditional methods, and 

produced a time savings. 

Hartly (977), as one compon.ent of her study of 

individualized mathematics instruction at the 

elementary and secondary levels, used meta-analysis to 

compare student achievement of students in CAl with 

those in traditional classes. The effect size of 

the 75 studies of supplemental CAl was .47; for the 14 
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studies in which CAl replaced traditional instruction, 

the mean effect size was .08. Hartley concluded that 

CAl one of the most' effective individualized 

methods at the elementary and secondary levels, thougb 

she compared only tutoring, programmed learning, 

individualized learning packages, and CAl. 

Kulik and J'aska (1977) found five college level 

studies that compared end-of-course achievement of 

students in CAl and traditionally-taught classses. Two 

favored CAl; three found no significant differences; 

and the overall average of scores in the CAl groups 

exceeded those of the conventionally-taught groups by 

four percent. The two studies reporting time 

requirements agreed 

students using CAl. 

significant time savings for the 

Thomas (979) reviewed a large number of 

studies comparing achievement via CAl with achievement 

via conventional instruction. The overwhelming 

majority, at all levels, favored CAl significantly. 

Thomas found time savings due to CAl similar to those 

reported in the earlier reviews, but. found that 

retention levels were comparable for CAl and 

traditionally-taught classes. 

Kulik, Kulik, and Cohen (980) applied 

meta ... analysis to 59 college level studies of CBI, both 

CAl and CHI, in various subject areas. To parallel 
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reports of the more traditional reviews f they also 

classified outcomes by direction and significance of 

differences of instructional outcomes in the CBI and 

control classes. Fifty-four studies compared 

achievement of students in CHI to achievement in 

conventional instruction. Thirty-seven favored CBI, 13 

significantly, while 17 favored conventional 

instruction, one significantly. The average effect 

size of CBr was. 25--the typical CBr student performed 

at the 60th percentile on exams, compared to the 

typical control student's performance at the 50th 

percentile. Although the average effect size 

considered arnall, it definitely favored CBI. Eight of 

the studies considered the amount of instructional time 

required and they all showed statistically and 

practically significant time savings for the CBI 

students. 

A meta-analytical review by Burns and Bozeman 

(981) included 40 studies of student achievement in 

elementary and secondary mathematics CAl of the drill 

and practice or tutorial varieties •. The overall mean 

effect sizes were .34 and .45 for the 397 drill and 

practice comparisons and the 151 tutorial mode 

comparisons, respectively. They concluded that CAl 

a supplement to traditional classroom instruction 

provides a significant enhancement of learning, at 



least in mathematies at the elementary and secondary 

levels. 
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Overton (1981) included only elementary and 

secondary school mathematics CAl in a narrative review. 

The majority of the drill and practice CAl studies 

produced results significantly favoring CAl, but others 

reported conflicting results. The results of the 

tutorial CAl studies also tended to favor CAl 

conventional instruction alone. Evidence regarding 

computer use in problem solving and simulation 

inconclusive. However, OVerton concluded that research 

has produced sufficient encouraging outcomes to prompt 

further computer usage and research. 

Kulik, Bangert, and Williams (1983) focused on 

CHI, including eMI, in grades 6-12. Fifty-one studies 

included in their meta-analytical review, of which 

48 compared final examination results of students in 

CBl and traditional instruction. Thirty-nine favored 

eBI, 23 significantly, while nine favored the 

traditional, two significantly. The average effect 

size of the 48 studies was .32; the .average student in 

the CBI-supplemented claas performed at the 63rd 

percentile while the average control class student 

performed at the 50th percentile. The only study 

featurE.os affecting examination scores were the year of 

publication and the duration of study--effects tended 
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to be greater in more recent studies and those of 

shorter duration. The five studies of retention for a 

period of two to six months provided an average effect 

size of .17 favoring CBI; the box score study 

significantly favoring CBI and four non~significantly 

favoring CBI. Kulik et a1. concluded that CBI has a 

moderate, positive impact on achievement and retention 

at the secondary leve 1. 

Another meta-solyeis, that of Kulik, Kulik, and 

Bangert -Drowns (1984), inc 1 uded both CMI and CAl 

studies in mathematics and language arts at the 

elementary level. The effort was to update earlier 

reviews. All 25 studies of student achievement on 

examinations favored CAl over conventional instruction, 

20 significantly. The average effect size .48- - the 

performance of the typical CAl student was .48 of a 

standard deviation unit above that of the typical 

conventionally-taught student. Thus the average CAl 

student performed at the 68th percentile while the 

average control group student performed at the 50th 

percentile. The average effect size_ of the four 

studies of retention .31, indicating better 

retention by t.he CAl st<ldents, a result conflicting 

with earlier reviews. 

The most recent review located, Bangert-Drowns, 

Kulik, and Kulik (985), used meta-analysis on studies 
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of CBI referred to as CBE-·computer based education-Min 

grades 7-12. They differentiated between CAl and CEI, 

computer enriched instruction. CAl included the drill 

and practice modes while GEl included simulation, 

student programming, and motivational computer 

activities. Subject matter mostly mathematics and 

physical or life sciences. The tally for final 

examination performance of the 42 studies was 32 

favoring CBI, 16 significantly, and 10 favoring the 

traditional, two significantly. The average effect 

size was .26; thus the typical CBI student performed at 

the 60th percentile, contrasted to the typical control 

group student's performance at the 50th percentile. 

Effect sizes were computed for the studies by the type 

of computer The average effect size for the 17 

CAl studies was .36; for the 16 CEI studies, .07; and 

for the nine CMI studies, .4. Only four studies 

considered knowledge retention and they were not 

representative of the total pool of studies, making 

general conclusions questionable. The conclusions 

regarding CAl and CMI paralleled ear.1ier reviews, but 

the small effect size due to CEI less predictable 

"and did not support predictions that children who 

communicate with computers in computer language learn 

to think more logically and deeply. 
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Summ!!:!: Cons is tent ly pOB i t ive res u1 ts have been found 

for computer drill and practice supplemental to 

traditional instruction, with the larger effects at the 

elementary level, decreasing rather consistently the 

age increases to a small positive effect at the college 

level. The brevity of the exper::tments, tbe novelty of 

the computer experience, and the greater Hawthorne 

effect for younger children may have influenced the 

re'3ults. Administration of drill and practice uBing 

computers is simpler and less time-consuming than with 

conventional methods. 

Tutorial CAl a supplement to conventional 

instruction can lead to higher achievement than con~ 

ventional instruction alone, and, as a replacement for 

traditional instruction, can be as effective as the 

latter at the secondary and college levels. 

Not only has CAl been shown to be at least as 

effective as traditional classroom instruction, but 

many studies indicate that learning goals 

accomplished in significantly less time. One 

suggestion attributed the time savings to the careful 

repetition of only the problems causing difficulty 

(Bright 1983, p. 146). 

The general consensus of aptitude-treatment 

interaction studies, though not discussed in the brief 

review above, is that the students of lower aptitude 
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gain from CAl than the average or brighter 

students. In general, today it is difficult to get a 

control group for CBI experiments--faculty know that 

the experimental group will do better than the control 

group and do not want to deprive their students of 

using the computer (Hofstetter 1985, p. 2). 

Review summary tables follow. 

Table 10: Narrative Reviews of CBI 

Author Date Level Subject Conclusions 

Feldhusen 1969 All Many > or = Traditional 
& Szabo 

Vinsonha ler 1972 Elem Math & > or = Traditional 
& Bass Language 

Cody 1973 All Many > or = Traditional 

Jamieson, 1974 Elem Many Supplemental> T.rad. 
Suppes & Wells Sec Many Replacement = Trad. 

McDougall 1975 All > or = Traditional 

Thomas 1979 All Many > or = Traditional 

OVerton 1981 All Math Drill : > = Trad. 
Other: Mixed Resul ts 
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Table 11: Box Score Reviews of CBI 

Author Date Level Subject Use of CBI +CBI NSD +Trad 
(Significant ly) 

Edwards 1975 All Many Supplemental 
Replacerent et a1. 

Kulik & 
Jaska 

1977 CoIl 

Table 12; Meta-Analytical Reviews of CBr 

Author Date Level Subject # Use of CBI Effect 
Size 

Hartley 1977 Elem Math 75 Supplementa 1 .47 
& Sec 12 Replacement .08 

Kulik, 1980 Coll Many 59 .25 
Kulik & Cohen 

Burns & 1981 Elem Math 397 Drill .34 
Bozeman & Sec 151 Tutorial .45 

Kulik, 1983 6-12 Many 48 .32 
Bangert 
& Williams 

Kulik, 1984 Elem Math 25 .48 
Kulik & Language 
Bangert-Drowns 

Bangert- 1985 7-12 Many 42 .26 
Drowns, 
Kulik & Kulik 

Percentile 
Change 

+18 
+ 3 

+10 

+13 
+17 

+13 

+18 

+10 
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The first laboratory work at Yale in the early 

1800 1 s was considered quite revolutionary even though 

it only consisted of demonstrations by the professor 

(Eurich 1969, p. 6). In 1913, W. A. Winch reported 

what appears to be the first experiment on discovery 

learning. He concluded that discovery learning 

resulted in improved retention and transfer (Herman 

1969, p. 59). 

In a narrative review, Kersh and Wittrock 

(1962), considered seven studies of discovery, guided 

discovery, and "directed" instruction. They attributed 

the study results to the differential amount of time 

available for formal practice, particularly in applying 

discovered and directly learned principles. Their 

conclusions were that the discovery method might be 

more effective for problem solving, while directed 

learning might produce greater proficiency in applying 

principles simply as a result of more time spent in 

formal practice and reinforcement. Guided discovery 

offered a compromise; it produced more of the 

motivation and problem solving skills of discovery 

learning and the efficiency of directed learning. 

Wittrock (966) provided a representative 

sampling of discovery learning research in which he 
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described a few studies in great detail in order to 

familiarize the reader with the problems and issues of 

research in the field. His selections did not appear 

to be intended to influence the reader towards a 

particular position regarding discovery learning and, 

indeed, he indicated that the state of research on 

discovery precluded any important conclusions about 

teaching or learning. 

Worthen (1967) concluded that the definitions 

of discovery, guided discovery, and exposition or 

reception learning are not clear. He indicated that 

considerable research has been performed regarding the 

amount of guidance and the role of verbali:::at.ion, but 

less on the sequencing characteristics. He defined 

discovery in terms of sequencing: verbalization of 

concepts and generalizations folloW's the instructional 

sequence by which they are taught. Exposition reverses 

the order, with the verbalization preceding the 

instruction. He indicated that most research has been 

performed in research laboratory settings rather than 

in actual classrooms, with small sa~ples, with very 

discrete and manipulative learning tasks, and has been 

of short time duration. 

Bittinger (1968) described Dine studies, mostly 

in mathematics, in laboratory-type settings. He 

pointed out that the didactic method--teacher sets 
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forth knowledge--has not been given the same 

"well-tuned effort" the discovery method in 

empirieal studies. In the nine studies, there appeared 

to be a trend towards better transfer with discovery 

learning, a superiority of guided discovery over pure 

discovery, and a superiority of giving the rule only 

over any other combination of providing rules and 

answers. Three classroom studies produced mixed 

results. Bittinger also expressed a belief that 

discovery belongs less in the early years in 

mathematics, but more as students plan for or enter 

college mathematics. 

lCieren (1969) narratively reviewed research in 

discovery and manipulative learning in mathematics, 

including publications from the period 1964-1969, 

mostly in the United States and Csnada, but also from 

abroad. He cites the common shortcoming of lack of a 

clear cut definition of discovery and extent of use of 

manipulatives. When the definition was not explicit, 

discovery and its experimental opposite were most 

frequently defined in terms of seque.nee characteristics 

alone. Many studies were on a small scale, often pilot 

projects, and were lacking in control. Kieren 

concluded that research did little to determine the 

value of discovery and manipulative learning relative 

to traditional expository instruction. 
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Fennema (1972) reviewed the use of concrete 

models versus symbolic manipulation in elementary 

arithmetic. She summarized the use of Cuisenaire 

materials; three studies, all in first grade, 

significantly favored the Cuisenaire treatment; three, 

in second and third grades, found no significant 

differences; and one third grade study favored the 

traditional. Another summary comparing traditional 

teaching with teaching supplemented by the use of 

concrete models provided similar results. Fennema 

concluded that students in the early grades appeared to 

learn mathematics better with the use of concrete 

models, while the learning of older elementary pupils 

was neither improved nor hampered by the use of 

concrete models. 

Brousseau (973) reviewed elementary le'i-3l 

studies of discovery in the mathematics laboratory 

versus expository or lecture instruction; some studies 

also considered modifications of discovery learning. 

Of six comparisons of achievement through discovery and 

laboratory methods with achievement .through exposition 

or lecture, three favored the latter, two found no 

significant difference, and one reported mixed results. 

Again research did not support proponents of discovery 

and laboratory methods of instruction, but at the same 



time did not show it greatly inferior to exposition 

lecture. 
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Worthen (967) indicated that research of the 

1950's and 1960's in public schools found no 

significant differences in achievement due to using 

manipulatives j instead, he reported that the teacher is 

the key. He concluded that mathematics laboratories 

tend to incresse achievement in the primary age or the 

less able child, but not in the older or more able 

child, and that demonstrations are as effective 

"hands on ll experience. He recommended that 

laboratories should be among a teacher's repertoire for 

use in teaching specific concepts. 

Weimer (1974) indicated that preliminary study 

of the discovery method produced three times the 

significant findings as the expository on retention. 

However, he pointed out that, at the college level, the 

findings for better retention via discovery learning 

must be considered tentative due to methodological 

difficulties in the studies. 

Friedman (1978) was not encouraging to 

proponents of manipulative materials strategies in his 

review, "The Manipulative Materials Strategy: The 

Latest Pied Piper?" Of four published studies in the 

preceding six years, one favored the symbolic method 

over manipulatives and the other three showed 
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essentially no differences. Additionally, 18 doctoral 

dissertations since 1970 compared achievement of groups 

given manipulative treatment with those given a 

non-manipulative treatment. Ten of these found 

significant difference, four reported mixed results, 

and the results of the remaining four were not 

indicated. Friedman included Fennema I s 1972 summary, 

cited above, of studies prior to 1970. He concluded 

that after the first grade, where manipulative strategy 

has often proved effective, 

that gives priority to the 

materials is unwarranted • 

instructional strategy 

of manipulative 

.§.!!!!!!!!!!.z: The quality of many studies on discovery 

learning and the laboratory approach is questionable 

due to methodological problems of the research, namely 

the following: non-replicability of treatments due to 

lack of operational definition; lack of random 

assignment; inadequate analysis; extrapolation of 

results to unsampled populations; and semantic 

inconsistencies (Wittrock 1966, pp. 43-44). 

All of these reviews of .the older narrative 

and box score methods. Thus the topic has not 

benefitted from the power of a meta-analytical review. 

In general, discovery, pure or guided, appears 

to be les8 effective than expostion for immediate 

learning. Guided discovery may produce better 
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retention. and transfer to new situations. The eloser 

the guidance, the greater tends to be the probability 

of success in discovery. The younger child and the 

child below average in ability is more likely to 

benefit froID a manipulative or laboratory approach than 

ia the older or brighter child. 

Table 13: Narrative Reviews of Lab/Discovery 

Author Date Level Subject Conclusions 

Kersh & 1962 All Many Mixed Reaul ts 
Wittrock 

Wittrock 1966 All Many No Conclusions 

Worthen 1967 All Many No Conclusions 

Bittinger 1968 All Math Mixed ReBut ts 
(Mostly) 

Kieren 1969 Elem Many No Conclusions 
& Sec 

Worthen 1974 Elem Math No Significant Diff. 
& Sec 

Weimer 1974 All Many Better Retention 
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Table 14: Box Score Reviews of Lab/Discovery 

The use of media in education is not new. Many 

journal articles, master's theses, and doctoral 

dissertations of the 1920'S and 1930's investigated the 

use of films, both silent and Bound. A 1938 book 

listed a 61 item bibliography, "Exprimental Research 

Instructional Film,n and even compared the relative 

effectiveness of recorded voice and the classroom 

teacher's voice to accompany silent file (Dale, Dunn, 

Hoban, and Schneider 1938, pp. 361-366), Media usually 

considered innovative are those Schramm described as 

the "big media"··the electronic devices. Television 

(TV) instruction and systems similar: to Postlethwait's 

aud io-tu tor ia 1 (A-T) ins true t ion use modern techno logy 

and will bp. considered here, with just a brief mention 

of the use of instructional radio. 

Radio was one of the earlier media used for 

instruction. Though its pre-dates the "modern 
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mathematics" era of this study, radio has been used 

extensively for formal classroom instruction in this 

country and is being used in developing countries. 

Jamieson et al. (1974) reported that tile few good 

evaluations of instructional radio found that radio, 

supplemented with appropriate printed material, could 

be used to teach most subjects as effectively 

traditional classroom instruction. 

Prior to the recent surge of research on CBI, 

TV instruction was one of the most studied of all the 

media due to the large financial investment required 

and its emergence at a time when the National Defense 

Act generously supported such research. The "little 

medi a ll were taken for granted, as were textbooks, which 

had become a classroom fixture. Educators did not 

worry about small i!\vestments--a few slides, a picture, 

projector (Schramm 1977, p. 26). 

l!!.!!!..!!£!i£!!!.!~~vision: What appeared to be 

the first published review of research on TV, 

IITelevision and Education: A Review of Researchll (Finn 

1953), had very little to relate on educational TV. 

Finn discussed the social effects, the content, the 

effects on education, and the technical aspects of TV. 

He concluded that children's televiewing habits of 

several hours daily had no demonstrable effect on 

school achievement. Only one of the five studies he 
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described related to academic subjects in schools; that 

descriptive report of a TV experiernent in the San 

Diego school system. This one report seemed to 

indicate potential for instructional TV. 

Schramm (1962b), as Director of the Institute 

for Communication Research at Stanford University, used 

his access to mimeographed reports from the Ford 

Foundation, the Fund for the Advancement of Education, 

the U. S. Office of Education, Bnd the cooperation of 

many school officials and researchers to assemble more 

than 400 empirical studies of instructional TV. In 65% 

of the comparisons of student achievement, as measured 

by final examinations standardized tests in schools, 

excluding the home-bound and the military, there were 

no significant differences; 21% favored TV, ~nd 14% 

favored traditional classroom instruction. Those 

proportions varied by subject area and age level; in 

mathematics, they were essentially the same though 

of the college level mathematics studies found a 

significant difference. Schramm also reviewed student 

and teacher attitudes, aptitude-treatment interactions, 

and other research questions. 

Reid and MacLennan (1967) reviewed TV and film 

instruction in college level mathematics. They found 

that the vast majority of comparisons of TV versus 



traditional faee-to-face instruction yielded no 

signi ficant difference. 
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Dubin and Hedley (1969) reviewed 79 studies of 

instructional TV of which many were unpublished, 

mimeograpbed reports. Forty-two were comparisons of 

college student achievement in credit courses. Of the 

348 comparisons in these 42 studies, Dubin and Hedley 

retained 193 8S being independent; in studies having 

than comparison of the same two groups, they 

used only the final exam comparisons. They reported 

the comparisons by the traditional voting methods and 

by essentially Glass's meta-analytical method when the 

appropriate data were available, and considered TV 

versus face-to-face instruction 8S well 8S medium, 

method, and subject matter variations. Their tally 

favored TV 102 to 89 over face-to-face instruction. 

However, the statistical test of the distribution of 

standardized scores, the t .. rat ios, indicated that face

to-face instruction was favored significantly. They 

concluded that one-way TV was as good as face-to-face 

instruction, but two-way TV was clearly inferior to 

face-to-face instruction, contrary to expectations. 

The novelty and difficulties utilizing the technology 

may have detracted from learning in the two-way TV 

studies. For lecture-only methods, face-to-face 

instruction was significantly superior to TV. When 
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some live instruction supplemented the televised 

instruction, the differences vanished. For most 

subject matter comparisons, no significant differences 

found. 

Jamieson et a1. (1974) reviewed instructional 

TV also, but included only one review not already 

summarized here. Due to unusually stringent criteria 

for interpretability of results, Stickel! (1963) found 

only 10 studies, containing 250 comparisons of TV with 

traditional instruction, to satisfy all criteria. 

Another 23 partially met his requirements. None of the 

10 and three of the 23 showed statistically significant 

differences, all favoring instructional TV. Jamieson 

et a1. conjectured that Stickell'g stringent controls 

forced the methods of presentation to be so similar 

that the findings of no significant difference could be 

expected. 

Page (1976) narratively reviewed both still 

pictures and TV or film. He noted that the verbal 

accompaniment of the visual must be adapted to the 

listeners if they are to benefit from it, that the 

student must become involved actively rather than watch 

passively, and that mixed media may adapt to individual 

differences better than any single medium. 

Schramm (1977) provided m~re detail 

Stickell's review by noting that only 59 of tne 217 
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discarded studies showed a difference between groups, 

with results about evenly divided between favoring TV 

and classroom instruction. He reported on a review by 

Chu and Schramm (1967) of 421 TV-classroom comparisons 

--308 showed no significant difference; 63 favored TV; 

and 50, classroom teaching. He concluded that, 

overall, there is no basis in research for claiming 

students learn more or less from TV than from 

traditional instruction. He suggested that IIElectric 

Companyll and "Sesame Street" examples of the use of 

TV in ways better adapted to the medium than "sharing 

the master teacher," and that the former utilization 

might produce more significant results. 

!~i.2..:.!~_t~!.i.!L!!!.stU£!i2.!!.: Mintzes (1975) 

reviewed 19 studies of the A-T instructional approach 

in college biological science of which six compared 

achievement of students using A-T system with that 

of the lecture class students. Others considered 

trait-treatment interactions and instructional 

variables. Conclusions tended to favor A-T 

instruction--three favored A-T, one favored 

conventional, and two found no significant difference. 

The 12 studies considering the time required for 

students to complete the course favored A-T and 

traditional instruction equally. 
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Fisher and MacWhinney (1976) reviewed 89 

studies of A-T instruction, mostly in college level 

science, covering the priod 1962-1975. They reviewed 

comparative student achievement, student attitudes, 

effects of various components and other aspects of A-T 

instruction. Overall, of the 44 comparative achieve

ment studies, 30 favored A-T over traditional iustrue-

tien, 18 (41%) with statistical significance; ODe (2%) 

favored traditional instruction; and 13 (30%) found no 

difference. Thus including the ones that favored A-T 

non-significantly, 25 (51%) had findings of no 

significant difference. Fisher and MacWhinney did not 

exclude studies on the basis of design quality, but 

they provided a separate tally for the well-designed 

studies separately--16 (64%) favored A-T instruction 

significantly and 9 (36%) found no significant 

difference. 

Kulik and Jaska (1977) reviewed 24 experi-

mentally adequate studies in which A-T and conventional 

instruction at the college level were compared on the 

basis of final examination performan"ces. Their box 

was nine significantly favoring A-T, two favoring 

conventional instruction, and 13 reporting no signifi

cant difference. Only one study measured retention and 

it reported that the A-T instructional advantage was 

eliminated in the longer-term comparison. Four of the 
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five studies considering the time element reported 

substantia 1 time savings for the student using A-T 

instruction. They concluded that A-T instruction was 

at least 8S effective as the traditional and might lead 

to increased student learning and significant 

reductions in the student's time investment. 

Kulik, Kulik, and Cohen (1979) performed a 

meta-analysis on 42 studies comparing examination per-

formance of students in A-T and traditional classes. 

Twenty-nine favored A-T, 11 significantly, while 13 

favored the traditional, four significantly. The over

all effect size was .2 implying that the typical A-T 

student performed at the 58th percentile whereas the 

typical control student achieved at the 50th percen-

tile. Kulik et al. also summarized course completion 

rates, student ratings, and aptitude-treatment inter-

actions. They concluded that A-T provides a small but 

significant positive effect on student achievement. 

Summary: Clearly the research indicates that "media 

can teach." TV and A-T systems are tbe two "big media" 

considered in this study since they "are relatively 

innovative and utilize modern technology. Few studies 

involve the instructional use of the "little media" 

--radio, filmstrips, slides, audio-tapes, and textbooks 

--and none were located in the literature of the 

"modern mathematics" period of this study. 
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Overall J the reviews tend to agree tbat both TV 

and A-T instruction are at least as effective on 

learning as conventional instruction. However, the 

more carefully constructed studies comparing TV and 

traditional instruction tend toward findings of no 

significant difference in learning by the two methods. 

Many of tbe reviews have pointed to the 

questionable quality of the research studies, 

particularly the lack of random assignments and the 

differing teaching techniques in the experimental and 

control groups. Some findings can be rationalized 

the basis of researcher bias. still tbe hypothesis of 

improved learning througb TV A-T instruction 

relative to the lecture must be seriously entertained. 

Table 15: Narrative Reviews of Media in Instruction 

Author 

Reid & 
MacLennan 

Page 

Date Level Subject 

1967 Coli Math 

1976 

Cone lu sions 

No Significant Diff. 

No Conclusion 
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Table 16: Box Score Reviews of Media in Instruction 

Author Date Level Subject # Comparisons +Media NSD +Trad 
of Media & Trad. (Significantly) 

Schramm 1962 All Many 400+ TV 21% 65% 14% 

Stickell 1963 33 TV 30 

Chu & 1967 All Many 421 TV 63 308 50 0 
Schramm 

Dubin & 1969 Coll ? 193 TV 102 89 
Hedley 

Mintzes 1975 Coll Biology A-T 1 0 

Fisher & 1975 Coll Science 44 A-T 18 25 
MacWhinney (mostly) 

Kulik & 1977 Coll ? 24 A-T 13 2 0 
Jaska 

Table 17: Meta-Analytical Reviews of Media in Instruction 

Author Date Level Subject II Comparisons Effect Percentile 
of Media & Trad. Size Change 

Kulik, 1979 Coll Many 42 A-T .2 +8 
Kulik & Cohen 

Rosenshine and Furst (1969) found that 

well-structured, cognitively-oriented tutoring programs 

usually produced measurable achievement benefits to the 

student. They reviewed 13 studies with hard data, of 

which only 10 had used control groups, in elementary 

and secondary grades, primarily in the three R IS. They 

-----------.----.--------- --------
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concluded that tutorial programs contributed to the 

academic achievement of the tutee and, probably, the 

tutor as well, but that this has only been clearly 

demonstrated by the well-structured and cognitively-

oriented programs. 

Stainback, Stainback, and Lichtward (975) 

described a dozen studies on student-to-student 

tutoring in elementary and secondary schools, four with 

peer tutoring and eight with cross-age tutoring. Three 

involved mathematics. The authors reported ambiguous 

findings and indicated many methodological inadequacies 

that prevented firm conclusions. 

Devin-Sheehan, Feldman, and Allen (976) 

reviewed peer and cross-age tutoring at the elementary 

and secondary levels. Their narrative review of 

achievement, attitude, and the variables and 

characteristics of the tutoring situation indicated 

that tutoring might be effective in improving academic 

performance of tutees and, in some cases, that of 

tutors as well. 

In her meta-analysis, Hartley (1977) considered 

29 studies of tutoring, which was one of the 

individualized mathematics instructional methods she 

considered. The average effect size was .6 when 

tutoring was used as a supplement to regular classroom 

instruction; that effect size means that approximately 
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72% of the tutored group gained more than the average 

student in the control group. When tutoring replaced 

traditional instruction, the average effect size 

dropped to .4. Cross-age tutoring produced the larger 

effect size of .8. Hartley pooled effects on the 

tutors and those being tutored. EVen though not all 

the comparisons were independent, the evidence 

indicated benefits of tutoring. 

Cohen, Kulik, snd Kulik's (1982) meta-analysis 

of 65 studies of the effects of tutoring, both peer and 

cross-age, considered learning, attitudes and 

self-concept. Fifty-two studies described the effects 

of tutoring final exam scores; of the 20 reporting 

significant differences, 19 favored students in 

classrooms with tutoring programs. The average effect 

size in the 52 studies was .4; 66% of the students in 

classes with tutoring programs out-performed the 

typical student in a control class. When the studies 

were restricted to mathematics classes, Cohen et a1-

indicated that their results paraUeled those of 

Hartley. They found that the tutors" also gained 

academically with an average effect size of .33, and 

concluded that tutoring produces definite positive 

effects on the academic performances of both the tutor 

and the tutored. 
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§.:!:!.!!!'!!!!.!..I: Though the earlier narrative and box 

reviews report ambiguity regarding the effectiveness of 

tutoring, the more recent meta-analyses indicate 

definite positive academic benefits to both the tutor 

and the tutored. The achievement gain made by the 

tutor is a bonus not realized in other methods of 

instruction. Despite the advantages of tutoring, 

including the potential low cost, researchers hold that 

tutoring is not a panacea for all instructional 

problems and is not as effective used alone as when 

combined with other methods. 

Table 18: Narrative Reviews of Tutoring 

Author Date Level Subject Conclusions 

Rosenshine 1969 Elem Many > or '" Traditional 
& Furst & Sec 

Stainback, 1975 E1em Many Mixed ReBul ts 
Stainback & & Sec 
Lichtward 

Devin-Sheehan, 1976 Elem Many > or = Traditional 
Feldman & Allen & Sec 

Table 19: Meta-Analytic Reviews ,of Tutoring 

Author Date Level Subject # Use Effect Percentile 
Size Change 

Hartley 1977 Elem Math 29 Supplemental .6 +22 
& Sec Replacement .4 +16 

Cohen, 1982 Elem Many 52 .4 +16 
Kulik & Kulik 
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~!~Q.L'§'!~Y Effect,! 

The analysis indicates that the more recent 

studies tend to find greater positive effects of 

innovative instructional methods. It is likely that 

instructional technology has been improved over time 

and has been used more appropriately. Studies of short 

duration tend to produce stronger effects than those of 

longer duration. Perhaps the novelty wears off, the 

Hawthorne effect diminishes, and experimental effects 

lose potency with e:xtended use, or perhaps shorter 

studies are better controlled and more likely to 

estimate true effects. 

The manner of publication is one other study 

characteristic that tends to be related to the 

treatment effect size. Published studies tend to 

report stronger effects than those in dissertations. 

This is probably because journals are more likely to 

accept studies showing significant results. 



CHAPTER III 

METHODS 

Reviews of the literature are generally either 

narrative, box-score, or meta-analytical reviews. The 

narrati'll'e reviews often provide only the trends in a 

certain field; box score reviews report the propo!7tion 

of results significantly favorable or unfavorable to 

the treatment under scrutiny on a democratic basis--

comparison, vote .... often with narrative 

COmments. Such reviews do not distinguish between 

cumulative results. For example, a review of 10 

studies that unanimously, but non-significantly, 

favorable to the treatment and a review of 10 studies 

that are unanimously, also non-significantly, 

unfavorable to the treatment would report the identical 

results of "no significant differences between 

treatments. 1I 

Meta-analysis, the technique attributed to 

Glass and described by Glass and McG~w (1981), is a 

quantitative, analytical method that identifies such 

differences. In meta-ana lysis, objective procedures 
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are used to locate studies, quantitative or quasi

quantitative techniques are used to describe the 

features and outcomes of each study, and statistical 

methods are used to summarize results, to produce 

overall findings, and to explore the relationships 

between features of the study and the outcomes found by 

the study (Kulik, Bangert, and Williams 1983, p. 20). 

Meta-analysis improves upon the tabulation of the box 

score reviews by statistically aggregating summary data 

from a large number of research and evaluative reports; 

conflicting studies can be combined to yield an 

overall conclusion. Factors such as quality of the 

study design, size of the sample, time duration of the 

experimental treatment, researcher involvement, date of 

the study, type of instruruent used to measure the 

dependent variable, and the of the study each 

may be examined in terms of its relationship to the 

treatment effects. 

Meta-analysis, the analysis of analyses, 

applies statistical procedures to summary data of any 

number of studies. The original analysis applied the 

same procedures to the raw data. The data in student 

achievement studies may be the examination scores, 

pretest to posttest gains, the number or proportion of 

students who passed the course, a complete table from 

analysis of variance or covariance, or other forms of 
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information. In order to combine results across 

studies, a common metric is determined and is 

des:'gnated the "effect size," which is a measure of the 

magnitude of the effect of a treatment, either positive 

or negative. 

!!!.!,isn of the Study 

This study compared achievement of lower 

division college mathematics students taught by a 

variety of innovative instructional methods with 

achievement of students in the traditional lecture 

sections. An average effect size was determined for 

the set of studies of each of the innovative methods. 

The effectiveness of the innovations relative to the 

lecture method was measured by the effect size, and the 

effect sizes were compared across the various methods 

in the study. 

Glass and McGaw considered the most informative 

and straightforward measure of experimental effect 

size, d, to be "the mean difference between 

experimental and control group means divided by 

within-group standard deviation" (Gh,8s and McGaw 1981, 

p. 102); that is, 

treatment control 
(1) d "" _-I.!.!U!lL!!!an group meaD __ 

within-group standard deviation 

So 
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(2 ) 
S.D. 

£!!l.s.!!!!!.!~!L£.L.g!~Ui~~-B!!~!. a tor 

The means employed were determined from the 

design of the study. For a true experiment, as defined 

by Campbell and Stanley (1963), when subjects were 

randomly assigned to treatment and control groups or 

the groups were shown to be equivalent by pretesting, 

the numerator in formula (2) was the difference in the 

posttest means. When analysis of covariance was used 

and adjusted means were reported, the numerator was the 

difference between these adjusted Gain scores, 

the differences between the posttest score and pretest 

score of each student, were sometimes reported. In 

that case, the numerator was the difference between the 

average gain scores of the treatment group and the 

control group. 

£~!~!~!i~~~i~fec1-!~~~~£min~tor 

Glass and McGaw discussed various possible 

selections of standard deviations which produced 

substantial differences in effect size. They 

recommended the control group standard deviation for 

these reasons: The experiments 1 and control groups 

usually come from the same population; the treatment 
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may effect the variance of the experimental group; 

studies compare two or more treatments to the same 

control, so standardization by the control group 

standard deviation then assigns equal effect sizes to 

equal mean differences. Accordingly, whenever 

possible, the denominator in formula (2) was the 

control group's standard deviation. Thus an effect 

size of +1 indicates that the average student in the 

experimental group performed one standard deviation 

unit about the average student of the control group; 

that is, assuming normality, the average student in the 

experimental group performed at the 84th percentile 

while the typical student of the control group 

performed at the 50th percentile. 

When the control group's standard deviation was 

not available, the effect size was estimated from the 

F- or t-statistic. The reported t-statistic 

calculated from (3); the effect size is defined by (2), 

above. 

(3) t • 

Eliminating the S.D. and solving these two 

equations produces formula (4) which was used in the 

calculation of the effect size from the t-statistic. 
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(4) 

The effect size resulting from this calculation 

is based on an average weighted standard deviation from 

both groups rather than from the standard deviation of 

the control group only. The direction of the 

difference was the only additional information needed 

and it was obtained from the means themselves or from 

the text of the study. 

I~ an F-statistic rather than a t-statistie was 

reported for only two groups, the square root of F was 

substituted for t in the above calculation. 

When a factorial analysis of variance design 

was used to analyze data for a study and the standard 

deviations were not reported, the entire ANOVA table 

was required to derive 1:he standard deviation. To 

estimate the denominator of the effect size for 

treatment main effects, these steps were followed: 

a) The sums of squares for all factors except 

treatment were added; 

b) This sum was divided by the sum of the degrees of 

freedom for all factors except the treatment; 

c) The square root of the quotient was taken. 

When a specific characteristic was a factor in 

the design, the numerator of the effect size for that 
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characteristic was calculated from the treatment means. 

The denominator was derived from the sums of squares 

for all factors except treatment, that characteristic, 

and the characteristic by treatment. For example, 

suppose achievement level (Factor A) is a variable in a 

study of CAl (Factor B). To determine the effect of 

achievement level in the study, the numerator is the 

usual difference between The denominator is 

(5) . 

(5 ) S.D. 
5S B + SSA8 + SSw 

dfB + dfAB + dfw 

where 8S B , SSAB' and SSw represent the of squares 

for CAl treatment, interaction of treatment snd 

achievement level, snd within group, respectively. 

Similarly, dfB' d£AB' and dfw reprt1sent the degrees of 

freedom of CAl treatment, interaction of treatment and 

achievement level, and within group, respectively. In 

a two factor design, the appropriate denominator for 

effect size was the square root of the mean square 

error (Glass and McGaw 1981, p. 199), which is formula 

(5) when factor B is involved. Some studies used 

analysis of covariance; then the denominator was 

calculated with (6): 
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(6) S. D. '" 
MS'(dfw - 1) 

where MS' represents the covariance adjusted, pooled, 

within mean squares, dfw is the degrees of freedom 

within, and r is the correlation of the measure of 

achievement and the measure of the variable used as 

covariate, often the score of a pre-test that parallels 

the achievement test. Many studies that used analysis 

of covariance reported neither the correlation nor the 

data for its calculation. However, in most of those 

studies, analysis of variance was performed also and 

the effect size was calculated from the ANOVA table. 

Often student success was reported only as a 

percentage or proportion of success. The probit 

transformation was used in those cases. The effect 

size was obtained by "differencing the standard normal 

deviates corresponding to the percentages" reported for 

the two groups (Glass and McGaw 1981, p. 138). The 

probit of a proportion P has been defined as "the 

abscissa which corresponds to a probability P in a 

normal distribution with mean 5 and variance 1" (Finney 

1962, p. 21). Thus the difference of the probits is 

the effect size. For example, suppose a study reported 

a 73.2% success rate for the experimental group and a 
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65.9% success rate for the control group. The probits 

were determined from tables (Finney 1962, pp. 264-267) 

as follows: 

73.2% 

65.9% 

5.6189 

5.4097 

Subtract, and the effect size" d .... 2092. 

SOme studies compared two or more innovative 

methods without comparing them to the lecture (the 

control). An estimate of the control group standard 

deviation obtained by using the data from the set 

of studies of each method in the manner described by 

Glass and McGaw 0981, pp. 123-125). For example, 

suppose methods A and B are compared without a eontrol 

group. In the studies that compared method A with the 

lecture method, the observed control groups I standard 

deviations, sc' were regressed on the A groups' 

standard deviations, SA' to give 

(7) Be' bo + b1 BA 

where b O and b 1 are the regression coefficients, the 

intercept and slope, respectively_ Similarly, an 

estimate of the control group standard deviation 

obtained from the method B studies, and the two 

estimates were pooled to provide the standard 

deviation with which to scale the mean difference, 
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The process of "control referencing" was used 

to partition the effect size, d A_ B , found in the 

comparison of methods A Bnd B into two effects, dA * and 

d B*, that estimated the effect sizes that would have 

been obtained if a lecture control group had been 

included. Two desirable conditions were obtained: the 

observed difference is preserved and the error is 

equally shared between the two referenced effects. 

Symbol iea 11y, 

(8 ) 

d * A 

and 

The system of linear equations was solved to obtain the 

estimates of methods A and B individually. 

d A * (dA + dB + d A_B)/2 and 
(9) 

dB * (dA + dB d A_B)/2 

These effect sizes were then incorporated into the 

analysis of methods A and B. 

For concrete example of the method of 

determining effect sizes of two treatments from a study 

which did not use the lecture control group, consider a 

hypothetical study comparing achievement through the 

P. I. and A-T methods as measured by final exam scores. 

The standard deviation of the control (lecture) groups 

in the P.I. studies is regressed on the experiment.al 

(P.r.) groups. Similarly, the standard deviations of 
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the control groups of the A-T and lecture comparisons 

regressed on the experimental groups I standard 

deviations. Suppose it is found that 

, 
c 1 + l,is for the P. I. studies, and 

e 

s 
c .8 + .758 e for the A-T studies; also, 

s for the P. I. and 
e 

Be for the A-T in the P.l. versus A-T 

comparison. This information provides two estimates of 

what the standard deviation would have been if a 

(lecture) control group had been involved in the study: 

Be 1 + 1.1(5) = 6.5 snd 

s .8 + 0.75(8) - 6.8. 
c 

For simplicity of illustration, suppose the standard 

deviations are pooled by averaging rather than by usual 

statistical procedures for pooling variances. Then 

6.65 is used as the control group's standard deviation 

by which the difference in means of the h;o 

experimental groups is standardized. Further, suppose 

the final 

X P • 1 • z::: 25 and 

Then the effect size is found to be 

dp.I._ A-T - (25 - 27)/6.65 - -.3008. 

Control referencing is now applied to this 

effect size. The average effect sizes obtained in 

comparisons of P.I. and A-T methods with the lecture 
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method are needed at this point. Suppose they are 

follows: 

dp.I. = .230 and dA_T = .402. 

Now application of equations (9) yields estimates of 

the effects due to P.I. and A-T separately. 

dp.r. • (.230 + .402 + (-.3008»/2 .1656 and 

(.230 + .402 (-.3008»/2 .4664. 

These effeet sizes would then be included in the 

analysis of each of the methods. 

Some studies reported only the sample sizes 

and the significance levels. A conservative estimate 

of the effect size was obtained by using, in formula 

(4), the critical t for the reported significance 

level. For example, Buppose that a study had 15 

students in the experimental group and 20 in the 

control group and reported favoring the experimental 

method at the .05 significance leveL The 

corresponding t-statistic for a two-tailed test is 

1.96. Since 1.96 is the minimum t value that yields 

the .05 significance level, its use in (4) provides a 

conservative estimate of d: 

d • ~+1 
t n n "" e c 0.96) JO/1S) + 0/20) 

• (1.96) (.3416) •• 669. 



142 

Nonparametric statistics were reported in a few 

studies. In studies reporting the results of a 

Mann-Whitney U Test, an estimate of effect size 

made by using the t value corresponding to the 

significance level of the U statistic. For example, 

using the same sample sizes, 15 and 20, as above, a 

Mann-Whitney U-statistic of 90 indicates signifcance of 

.OS on a two-tailed test. The corresponding 

t-8tatistic, 1.96, is used in (4) to calculate d as in 

the above example. Glass and McGaw suggested this 

technique, but indicated that a difference exists in 

the power of the two statistics (Glass and McGaw 1981, 

pp. 131-132). 

Hedges and Olkin suggested two approaches using 

data: for use if both pretest and posttest 

available; the other, if only the posttest 

provided (Hedges and Olkin 1985, pp. 93·99). 

For the first case, the effect size is the difference 

between the standard normal deviates corresponding to 

two proportions--the proportion of prete8t scores that 

lie below the median of the posttest score8 in each of 

the two groups. If only postte8t scores are available, 

the accuracy of the effect size estimates depends 

substantially upon normality and equal standard 

deviations in the two groups. The effect 8ize is the 

standard normal deviate corresponding to the proportion 



of the control group scores below the experimental 

group median. 

In the above calculations of average effect 

size, each comparison carried equal weight regardless 

of the sample size in the study; however, experiments 

with large sample sizes are likely to produce more 

accurate estimates of effect size than those with small 

sample sizes. In order to provide a less biased 

estimate of treatment effect, the weighted effect sizes 

were calculated essentially by following the weighting 

recommendations of Hedges and Olkin (985). They 

suggested the weighted effect size, dw' to be 

WI d 1 + w2 d 2 + + wkd k 
CiO) d 

W + + wl w2 wk 

where the Wi I s the weighting factors and the d i I s 

are the effect sizes for the individual studies. 

The weights that minimize the variance of d w 

proportional to the reciprocals of the sampling 

variance of the d i • Because the latter is a function 

of the unknown parameter d, the optimal weight 

generally cannot be calculated exactly. liThe use of 

Wi '" n i results in a weighted estimator that is 

reasonably close to optimal," and is likley to provide 

a less biased estimate of the effect size than the 
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unweighted mean (Hedges and Olkin 1985, p. 302). 

Hedges and Olkin referred to a common sample size Dp 

that - n c 
Since many of the studies in 

this meta-analysis used unequal sample sizes, the 

arithmetic average of tbe experimental and control 

group sample sizes was used for the D i • 

The sampling process began with a computer 

search of Com.2.!,!hensive Dissertations Abstracts and of 

ERIC, the educational materials databases from 

Educational Resources Information Center. ERIC 

consists of tbe files !!!!.!!£h-i!L~8tio!! and .£!!!.!.!!!.! 

!!!.!!.!.-!~rnals_i!Llli~!!i2.!!. The ERIC search was 

productive for background and review information 

than for locating empirical studies, but both searcbes 

produced documents the bibliographies of which provided 

rich sources of studies for the meta-analysis. The 

most productive journals were the Journal for Researc!!, 

i.!LJ:!!lli!!!.i5.!-.!2.S!!i~, Sc ho 0 I Sci enc e and 

!!!!!!.!mati£.!, and to a lesser extent, ~!!!!.tics 

~ and the ~!!Uournal, the journal of the 

American Mathematics Association of Two Year Colleges. 

In all, the bibliographic searches yielded over 

870 titles which appeared to be relevant. Many were 

descriptions, theoretical discourses, or reviews of 
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research of innovative programs and were useful for 

background, but did not meet criteria for inclusion in 

tbis study. 

For inclusion, adherence to two criteria was 

maintained strictly: 

1) The experimental study had to take place in a lower 

division college mathematics class j in other words, a 

remedial, freshman, or sophomore mathematics course at 

a college or university. The students were not 

necessarily of lower division standing, but the course 

and content were determined to be lower division level. 

2) The studies had to report measured outcomes 

quantitatively in both the innovatively- and 

traditionally-taught classes, or in a comparison of two 

innovative methods. 

Ideally, an included study would be completely 

free from methodological flaws, such as non-equivalent 

groups or teaching to a criterion test in a group. 

However, instead of excluding such studies I they were 

included, and analysis was performed to determine 

whether their inclusion affected the overall results; 

the overall conclusions were adapted accordingly. 

An attempt was made to locate complete reports 

of studies of which only brief mention was made in the 

literature, particularly in ~ll!.£L!.!!'£!!'!'!'. Due 

to the lack of researcher response to the author's 
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requests for data, the probability of 

representative sample was quite high. Therefore, all 

included studies were readily obtainable from ERIC 

documents, journals, or unpublished dissertations. 

A substantial body of methodological experiments 

has been performed on prospective elementary teachers. 

Because teaching methods courses are generally at the 

upper division level, those studies were not included. 

Many institutions offer mathematics content courses 

designed specifically for elementary education majors 

and these content courses are prerequisite to the 

methods courses. However, only the studies in which 

the course content was clearly lower division were 

included. 

Guidelines were established in order to 

maximize independence among comparisons and prevent a 

small number of major research efforts from having an 

undue influence overall results. When more than one 

report was located for the same comparison, the most 

complete report was included. When the same comparison 

was made in the same course and institution for more 

than one term, the most recent term was used. When an 

achievement outcome was measured on multiple 

instruments in a single study or when a single document 

reported on two or courses, the results were 

pooled to obtain a composite. 



f.Q~!...!c t e r illi£.!-2.! Stud i e.! 

The studies which satisfied the criteria 

described ahove \Jere then classified according to 

characteristics determined to be relevant to the 

meta-analysis. The descriptive variables 
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determined prior to reading the studies, specifically, 

the instructional method to be compared to the lecture 

method, the year and source of the study, time duration 

of treatment, course level--remedial or not-

involvement of researcher, type of measurement 

instruments, level of utilization of the innovation, 

and the quality of the study design. 

~~!.I!.i! 

Three types of results were obtained from the 

analyses. The first basic result was a comparison of 

each of the innovative instructional methode to the 

lecture method, as measured by the average effect size 

of the studies of each method. That result provided 

the means for the second result, a global comparison 

of the relative effectiveness across "all the innovative 

methods. Then the relationships between effect size 

and study characteristics were analyzed. 



CHAPTER IV 

META-ANALYSIS RESULTS 

The results of the meta-analysis are reported 

in this chapter. Results of comparisons of the seven 

innovative methods to the traditional lecture method 

are reported individually along with the relationships 

between various study characteristics and effect sizes; 

then the results of the comparison across the seven 

methods are reported. 

Most of the selected study characteristics were 

to all the methods; however, each innovative 

method had a set of characteristics based on the nature 

of the innovation. A code number was assigned to each 

study for identification and facilitation of data 

processing. Other common cbarscteristics were the 

following: author; study population; source and date 

of publication; the course and its level; type of 

institution; method, duration and comprehensiveness of 

treatment; number of sections, students and 

instructors; setting; purpose of testing; type of 

statistic; standard deviations of experimental and 

control groups; and experimental design. An effort 
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made to assess the quality of each experiment by 

considering the extent to which the researcher 

attempted to control the threats to the validity of the 

results. A copy of the coding sheet for each method is 

included in Appendix B. 

Effect sizes calculated in terms of 

overall effect for each of the studies. Then if the 

appropriate data were reported in the source documents, 

the separate effect sizes were calculated on the basis 

of (1) final examination scores, (2) course grades, 

(3) student success in the next course, and (4) scores 

on a later examination to determine retention of 

knowledge. As many of these four as could be 

determined from the report of the study were pooled to 

calculate the overall effect size. Other findings 

included the effect sizes based on (1) course level, 

(2) institution type, (3) duration of treatment, 

(4) comprehensiveness of instruction, (5) experimental 

design, (6) control for teacher effect, (7) date of the 

study, (8) source of the study, and (9) variables 

specific to the innovative method. 

Effect sizes were interpreted three ways: 

(1) by graphical representation of the experimental 

and control group distributions; 

(2) by describing treatment effect the percentile 

standing of the average student in the experimental 
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groups, as contrast·ed to the 50th percentile standing 

of the average control group student; and 

(3) by Cohen's (1977) guidelines which considered 0.2 

a "small effect," 0.5 as a "medium effect," and 0.8 

"large effect." 

For studies that compared two methods rather 

thaD using the lecture method, effect sizes were 

estimated as described in Chapter III. That is, the 

control groups I standard deviations were regressed on 

the experimental groups I standard deviations in both 

sets of the innovative method studies, and a pooling of 

the two estimates provided the standard deviation of 

the hypothetical lecture group. Then the effect sizes 

were calculated by control referencing, with the 

assumptions that the difference between the individual 

effect sizes equaled the observed difference between 

the two methods and that the error was equally 

distributed between the two estimated effect sizes. 

Sub-analyses were performed on effect sizes of 

studies with various characteristics using the total 

set of studies. Weighted and unweighted effect sizes 

were calculated for the effects of each treatment. The 

summary tables in Appendix A include both weighted and 

unweighted overall effect sizes for studies involving 

each innovative method. The weighted mean was obtained 

by summing the products of the average sample size and 
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unweighted effect size from each study, and then 

dividing by the total weight--the sum of the average 

sample size from each study. This is considered the 

less biased of the two estimates of the effect of the 

innovative method because studies with larger samples 

tend to produce more accurate estimates of effect size 

than those with smaller samples. Only the weighted 

effects are used in Chapters IV and V. Appendices C 

and D display the corresponding unweighted effect 

sizes. 

The tables displaying the effect sizes for the 

comparisons of the innovative and lecture methods 

provide the number of studies, the standard deviation, 

the standard error, the z-value and percentile for the 

weighted average effect sizes. Summary tables in 

Appendix A list the author, date, state and institution 

when identified, the number of studies, and both the 

weighted and unweighted mean overall effect size. The 

percentile standing assumes normality of the population 

in which the mean-performing student in the control 

group was at the 50th percentile. The level of 

significance is noted in terms of probability less than 

.05, .01, or .001. 
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Twenty-nine studies provided 29 independent 

comparisons involving programmed instruction (P.I.). 

Twenty-six were direct comparisons of P.I. versus the 

conventional lecture method; one compared P. I. versus 

audio-tutorial instruction (A-T) in individualized 

ins truction (1.1.); and two compare d P. I. to either 

television (TV) or tutoring without a lecture control 

group. 

Table 20: Weighted Effect Sizes, P.I. va. Lecture 

n+ 

OVerall 29 

Final Exam 27 
\ 

Course Grades 3 

Future Success 

Retention 

+ n is t:re tUIber of sb.dies 
*p<.OS Mp<.01 

~ 
Mean 

Effsct Si.e 

.154 

.225 

.225 

-.147 

.024 

tidrp< .ooI 

S.D. S.E. 

.337 .063 2.44** 

.309 .059 3.81-

.107 .062 3.63-

.331 .148 -.99 

.392 .175 .14 

%ile 

56.1 

58.9 

58.9 

44.1 

51.0 

Table 20 shows the effect sizes based on the 

comparisons involving P.I. An overall effect size was 

calculated for each study included in the meta-

analysis. The area under the normal curve associated 

with the mean weighted total effect size of .154 is 

56.1 percent, as shown in Figure 1. Thus the 

mean-performing person in P.I. performed at the 56.1st 
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percentile, or better than 56.1 percent of the control 

group. Another perspective on the effect of P.I. is 

that the average P.I. student moved up about six places 

among a class of 100. This represents a small overall 

effect of P. I. 

Figure 1: Distributions Comparing Achievement 
in P.1. and Lecture 

.154 SO 

Lecture Group P.I. Group 

Percentile: 50 56.1 

The effect of P.I. on final examination 

performance was to raise the typical student from the 

50th to the 58.9th percentile, a small but definite, 

positive effect slightly greater than the overall 

effect. The P.I. student also received a small gain in 

course grade--to the 58. 9th percentile-wand a very 

small gain on retention--to the 51st percentile. 

However, the P.I. student was impacted negatively 
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in the next mathematics course--to the 44.1st 

percentile. 

Table 21: Weighted Effect Sizes, P.I. versus Lecture, 
Remedial VB. College Level 

~ 
Mean S.D. S.E. %He 

Effa:t Sim 

Remedial Level 

Overall 13 .126 .268 .074 1.70 55.0 

Final Exam 11 .220 .240 .072 3.05** 58.7 

Course Grades .191 .082 .058 3.29*** 57.6 

Future Success -.276 .171 .121 -2.28** 39.1 

Retention -.269 .048 .034 -7.91*** 39.4 

Collese Level 

Overall 15 .182 .403 .104 1.75 57.2 

Final Exam 15 .231 .369 .095 2.43* 59.1 

Course Grades .251 59.9 

Future Success -.038 .424 .245 -.16 48.5 

Retention .146 .453 .262 .56 55.8 

*p<.05 **p < .01 **k P < .001 

The effect sizes of P.I. for remedial and 

college level classes appear in Table 21. The overall 

effect of P.I. in remedial mathematics courses 

slightly less tban in college level CQuraes--the 55th 

percentile compared to the 57.2nd percentile. The 

sample sizes for the course grade, future success, and 

retention comparisons were too small to provide valid 

generalizations; however, the direction of difference 
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consistent, and all effects were small in 

magnitude. 

Table 22: Weighted Effect Sizes, P.I. versus Lecture, 
Two Year VB. Four Year Institutions 

~ 
Mean S.D. S.E. tile _!lim 

Two Year 

Overall 11 .039 .290 .087 .45 51.6 

Final Exam .125 .314 .105 1.19 55.0 

Course Grades .209 58.3 

Future Success -.276 .171 .121 -2.28* 39.1 

Retention -.163 .178 .103 -1.58 43.5 

Four Year 

Overall 18 .248 .335 .079 3.14** 59.8 

Final Exam 18 .283 .294 .069 4.10*** 61.2 

Course Grades .232 .149 .105 2.21* 59.2 

Future Success -.038 .424 .245 -.16 48.5 

Retention .181 .639 .452 .40 57.2 

*p<.05 ti'p <.01 "kkkp < .au 

The effect sizes for P. I. in two year and four 

year institutions are shown in Table 22. Those for the 

two year colleges were substantially below those for 

four year institutions; for the aver~ge P. I. student 

the overall mean effect sizes resulted in the 51.6th 

percentile in two year colleges, and the 59.8th 

percentile in four year institutions. 
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Table 23: Weighted Effect Sizes, P.I. versus Lecture, 
Duration of Experiment 

~ 
Mean S.D. S.E. %ile _SUe 

Less than 8 Weeks 

Overall 12 .213 .194 .056 3.80*** 58.4 

Final Exam 12 .240 .142 .041 5.85*** 59.5 

Course Grades 

Future Success .138 55.5 

Retention .059 .430 .215 .27 52.4 

8 Weeks to a Semester 

Overall 17 .118 .409 .099 1.19 54.7 

Final Exam 15 .214 .401 .104 2.06* 58.5 

Course Grades .225 .107 .062 3.63*** 58.9 

Future Success 4 -.295 .244 .122 -2.42* 38.4 

Retention 1 -.218 41.4 

*p<.05 **p<.01 'kkkp < .(1Jl 

A comparison of effect sizes for P.I. 

experiments of duration less than eight weeks to those 

from eight weeks through a full semester (none of the 

studies extended beyond a semester) Beemed to confirm 

findings in the literature review: The shorter use of 

an innovative method tended to produce a greater 

effect. The longer experiment resulted in lover, and 

in fact, small negative effect sizes for success in the 

next mathematics course and for retention. 
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Due to the small sample sizes for the 

grade, future success, and retention effect sizes, only 

the overall effects are used in comparisons of effect 

sizes under differential conditions of many of the 

study variables. 

Table 24: Weighted Effect Sizes, P.I. versus Lecture, 
Comprehensiveness+ of P.I. 

~ 
Mean S.D. S.E. %ile 

Effect Si2e 

Less than 1/3 .427 .203 .144 2.97** 66.5 

1/3 to 2/3 .147 .052 .037 3.97*** 55.9 

Hore than 2/3 25 .138 .355 .071 1.94 55.5 

+ Proplrtim of Classtine d:!vot:erl to P.I. 
*p<.05 *"'p<.01 *'h\'p<.OOl 

In most of the studies of P.I., the method was 

comprehensive; that is, P.I. was used for the entire 

class time. For those studies, P.I. showed a small 

positive impact on student achievement, raising the 

average P.I. student to the 55.5th percentile. Only 

two studies used P.I. for less than one·third of the 

class time, and two from one-third to two-thirds of 

classtimej thus the small to moderate effect sizes 

might be representative of only those studies. 
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Study Quality and Control for Teacher Effect 
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~ 
Mean S.D. S.E. %ile 

Effect sim 

Higher Quali ty 11 .084 .317 .096 .88 53.4 

Middle Quality .216 .139 .049 4.41*** 58.6 

Lower Quality 10 .279 .409 .129 2.16* 61.0 

Same Teacher .197 .172 .061 3.23** 57.8 

Different .219 .344 .172 1.27 58.7 
Teachers 

*p <.05 *"'p <.01 *kk P < .001 

Unavoidably, ranking the quality of experiments 

judgmental on the part of the author. In many 

cases unreported attempts may have been made to control 

some of the threats to experimental validity. No 

assumptions were made regarding such attempts. The 

more highly controlled experiments (Table 25) produced 

lower effect sizes. One factor in the quality of an 

experiment was the control for teacher effect by use of 

the same teacher. Studies that used the same teacher 

in both the P.I. and lecture groups produced a small 

effect size raising the average P.I. student to the 

57-8th percentile standing; with different teachers, 

the result very slighty larger, raising the average 

student to the 5&.7th percentile. 



Table 26: Weighted Effect Sizes, P.I. versus Lecture, 
Time Periods: 1961·1965, 1966-1973, 1974-1985, 

Source of Study 
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~ 
Mean S.D. S.E. %ile 

Effe:t SizIe 

1961-1965 10 .265 .397 .125 2.12* 60.5 

1966-1973 10 .223 .308 .097 2.30* 58.8 

1974-1985 -.030 .221 .074 -.41 48.8 

Journals .061 .514 .182 .34 52.4 

Dissertat ions 19 .198 .228 .052 3.01** 57.9 

Reports 5 .138 .254 .114 1.21 55.5 

*p< .05 "*p< .01 *kk P < .001 

Table 26 displays the mean effect sizes for 

P. I. according to the date and source of the study. 

In order to have approximately the same number of 

studies in each interval, the time periods 1961-1965, 

1966-1973, and 1974-1985 were selected. T" ~ early to 

middle 1960 l s were the peak years of research on P.l. 

Contrary to findings in the literature reivew for some 

innovative methods, P.I. showed a greater effect during 

that time than it has more recently. Published journal 

articles showed the smallest effects of p.r., followed 

by reports and then dissertations. All were small 

effects resulting in the average P.I. student 

performance between the 52nd and the 58th percentiles. 



Table 27; Weighted Effect Sizes, P.I. versus Lecture, 
Preparation and Type of Programmed Materials 
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~ 
Mean S.D. S.E. %i1e 

EffB:t Size 

Commercial 22 .097 .279 .099 .98 53.9 

Local 10 .083 .279 .125 .66 53.3 

Linear 13 .138 .274 .083 1.66 55.5 

Scrambled~Book 4 .210 .165 .083 2.53* 58.3 

*p <.(5 Mp<.Ol tiirp<.001 

The effects of P.I. were small for both 

commercial and locally-prepared materials; both placed 

the average student near the 53rd percentile. The 

effect sizes for both linear and scrambled-book P.I. 

were small. The programmed materials placed the 

typical student at the 55.5th percentile while the 

scrambled-hook produced the 58.3rd percentile. 
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Thirty-eight studies provided 39 independent 

comparisons involving individualized instruction 

(1.1.). Thirty-eight were direct comparisons of 1.1. 

versus the conventional lecture method, and one 

compared 1.1. and audio-tutorial (A-T) without a 

lecture control. Table 28 shows the effect sizes based 

on the direct comparisons of I.I. versus the lecture 

method. The 1.1. versus A-T comparison was not 

included in the weighted mean effect size since 

sample size data were reported. 

Table 28; Weighted Effect Sizes, I.r. versus Lecture 

~ 
S.D. S.E. %iIe n+ Mean 

EffEct aUe 

Overall 38 .193 .438 .071 2.72** 57.7 

Final Exam 35 .170 .541 .091 1.87 56.8 

Course Grades 9 ·.073 .649 .216 -.34 47.1 

Future Success 4 .668 .612 .306 2.18* 74.8 

Retention .799 .217 .153 5.22*** 78.8 

+nis tlEl'b1berofo::uparis:::rs 
*p<.05 tip < .01 "kick P < .001 

The area under the normal curve associated with 

the weighted total effect size of .193 was 57.7 

percent, as shown in Figure 2. Thus the mean-

performing person in 1.1. performed at the 57.7th 
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percentile, or better than 57.7 percent of the control 

group. This represents a small overall effect of 1.1. 

Figure 2: Distributions Comparing Achievement: 
in 1.1. and Lecture 

.193 sn 

1. I. Group 

Percentile: 50 57.7 

The effect of 1.1. on final examination 

performance was to raise the typical student from the 

50th to the 56.8th percentile level, a small but 

definite, positive effect slightly less than the 

overall effect. The 1.1. student received a small 

negative effect grade--to the 47.1st 

percentile; a large gain in future success and 

retention--to the 74.8th and the 78.8th percentiles, 

respectively. 
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Table 29: Weighted Effect Sizes, 1.1. versus Lecture, 
Remedial va. College Level, 

Two Year va. Four Year Institutions 

~ 
Mean S.D. S.E. %ile 

Effio.ct size 

Remedial Level 

Overall 16 .093 .526 .132 .70 53.7 

Final Exam 15 -.045 .687 .177 -.25 48.2 

College Level 

OVerall 22 .306 .343 .073 4.19*** 62.0 

Final Exam 21 .316 .356 .07b 4.05*** 62.4 

~ 
Overall 13 -.081 .565 .157 -.52 46.8 

Final Exam 13 -.141 .726 .201 -.70 44.4 

~ 
Overall 25 .275 .342 .068 4.04*** 60.8 

Final Exam 23 .336 .070 .070 4.80*** 63.2 

*p <.05 "*p< .01 *** p < .001 

The effect sizes of l.t. for remedial and 

college level classes and for two and four year 

institutions appear in Table 29. lor. had a small 

effect in remedial mathematics courses, positive 

overall, hut slightly negative on the final examinaw 

tion. In college level courses, it produced a larger 

effect, raising the mean-performing student to the 62nd 

percentile. The effect sizes for 1.1. in two year 

colleges were negatively small, producing approximately 

the 44th to 47th percentile standing for the average 
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1.1. student. Those for four year institutions 

definite positive effects, placing the student near the 

61st to 63rd percentiles. Thus 1.1. was more effective 

in four year institutions than in two year colleges. 

Table 30: Weighted Effect Sizes, 1.1. versus Lecture, 
Duration of Experiment, 

Comnprehensiveness+ of 1.1. 

1I!i31tBI 
~~ S.D. S.E. %i1e 

Less tban 8 Weeks -.027 .519 .232 -.12 48.9 

8 Weeks to one 33 .206 .428 .075 2.75** 58.2 
Semester 

Longer than one .701 75.8 
Semester 

Less than 1/3 .324 62.7 

1/3 to 2/3 1 .193 0 0 57.7 

More than 2/3 36 .178 .458 .076 2.34* 57.1 

+ Prqmt:im of Classtme ~ to I.L 
*p<.os **p<.01 .... p<.(01 

Table JO shows the effect sizes for 1. 1. 

experiments of varying duration and levels of 

comprehensiveness. A time period exceeding eight weeks 

produced a larger effect than the shorter studies. 

Host of the effect sizes were in the small ran.ge; 

however, the on.e study of more than one semester 

duration showed a large effect size, resulting in the 

7S.8th percentile standing for the average 1.1. 

student. In most of the studies of 1.1., the method 
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was comprehensive; that is, 1.1. was used for the 

entire class time. The effect size for the most 

comprehensive use of 1.1. indicates a small, but 

definite advantage for the 1. I. student by placing him 

at the 57. 1st percentile. The two studies involving 

less than total use of 1.1. were consistent in favoring 

the 1.1. student. 

Table 31: Weighted Effect Sizes, lor. versus Lecture, 
Study Quality and Control for Teacher Effect 

~ 
Mean S.D. S.E. :tile 

Effuct size 

Higher Quality 14 .155 .549 .147 1.05 56.2 

Middle Quality 12 .117 .434 .125 .94 54.7 

Lower Quali ty 13 .279 .334 .093 3.00** 61.0 

Same Teacher 16 .010 .547 .137 .07 50.4 

Different 12 .307 .398 .115 2.67** 62.1 
Teacher 

*p< .05 **p<.Ol 'lddrp< ,an 

1.1. studies differed slightly from the trend 

of smaller effect sizes with higher quality~-the higher 

quality studies produced a slightly larger effect than 

the middle quality studies. The higher and middle 

quality studies raised the mean-performing student to 

the 56. 2nd and 54.7th percentiles, respectively, 

compared to the 6lst percentile for the average student 

in studies of lower quality. Studies that used the 
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same teacher in both the I. I. and lecture groups 

produced almost no effect; with different teachers, 

the effect was moderate, and raised the average student 

to the 62.1st percentile. 

Table 32: Weighted Effect Sizes, 1.1. versus Lecture, 
Time Periods: 1967·1974, 1975-1976, 1977, 1978-1983, 

Source of Study 

\IOghtel 
Mean S.D. S.E. %ile 

Effect size 

1967-1974 12 .284 .291 .084 3.38*** 61.8 

1975-1976 .047 .410 .137 .34 51.9 

1977 .274 .409 .136 2.01* 60.8 

1978-1983 .068 .663 .221 .31 52.7 

Journals .150 .397 .178 .84 56.0 

Dissertations 27 .105 .476 .092 1.14 54.2 

Reports .398 .363 .137 2.91** 65.5 

*p<.05 tip<.01 'kItkp < .001 

Table 32 displays the mean effect sizes for 

1.1. according to the date of publication and the 

source of the study. There did not appear to be a 

clear pattern of effect sizes of the I.I. studies 

included in this meta-analysis according to the date of 

publication. Table 32 shows that 1.1. produced a small 

positive effect on student achievement by raising the 

mean-performing student to the 61.8th and 60.8th 

percentile for the years 1967-1974 and 1977, 

respectively. The other time periods showed almost no 
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effect of 1.1. Reports produced a moderate effect of 

1.1.; journals, a somewhat smaller effect; and 

dissertations, slightly less. The effect was to raise 

the average 1.1. student to the 65.5th, 56th, and 

54.2nd percentile, respectively. 

Table 33: Weighted Effect Sizes, 1.1. versus Lecture, 
Instructional Variables 

~ :tile ~ n Mean n 
Effuct Size Effu::t Size 

Mastery Lectures (SuEE:lementar:z::) 

Yes 33 .247 59.8 Regular .324 

None or Not 6 .011 50.4 Occasional 14 .167 
Reported 

None 19 .224 

Pacing Stud! Guides 

Self 22 .286 61.3 Yes 27 .292 

Forced .060 52.4 No or Not 12 .057 

Not reported 8 -.052 47.9 
Reported 

Tutoring 

Instructor 12 .234 59.3 
Only 

Any Tutoring 38 .177 57.0 

Mastery learning, self-pacing, occasional 

lectures for motivational purposes, c.ommunication 

through the written word, particularly study guides, 

%ile 

62.7 

56.6 

58.9 

61.5 

52.3 

and the of peer tutors are vital comonents of 1.1. 

Table 33 presents the number of comparisons and the 

mean effect size and resulting percentile standing for 

varying levels of these characteristics. 
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f£!!!.l!.!!!!Llli!.L Ins true t i!!.!!. 

Twelve studies provided 16 independent, 

direct comparisous of computer based instruction, 

(CBI), all of computer assisted instruction (CAl) 

the conventional lecture method. Table 34 shows 

the effect sizes from the CAl versus lecture 

comparisons. 

Table 34: Weighted Effect Sizes, CAl va. Lecture 

n+ ~ S.D. S.E. %ile 
Effiect si2e 

OVerall 16 .235 .372 .093 2.53* 59.3 

Final Exam 14 .233 .371 .093 2.51* 59.2 

Course Grades .253 0 60.0 

Future Success 

Retention 

+ n is de B.11ber of sbJJies 
*p< .a; *"'p<.01 titp< .em 

The area under the normal curve associated with 

the weighted total effect size of .235 is 59.3 

percent, 8S shown in Figure 3. Thus the meao-

performing CAl student performed at the S9.3rd 

percentile. This was a small negative overall effect 

of CAl. 



Figure 3: Distributions Comparing Achievement 
in CAl Bnd Lecture 

.235 SD 

Percentile: 50 59.3 

The effect of CAl on final examination 
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performance to raise the average CAt student from 

the 50th to the 59.2nd percentile, a small but definite 

effect. The one study that considered the impact of 

CAl on course grades indicated a definite advantage to 

the CAl student J but valid generalization cannot be 

assumed from the results of one study. Since none of 

the studies compared the effects of CAl on knowledge 

retention or student success in the next mathematics 

course and only one considered course grade, the effect 

on the final examination and the overall effect were 

very similar to each other. Only the overall effects 

are displayed in most of the following tables. 



Table 35: Weighted Effect Sizes, CAl versus Lecture, 
Remedial va. College Level, 

Two Year va. Four Year Institutions 

Remedial Level 

Overall 

Final 

College Level 

Overall 

Final 

~ 
Overall 

Final 

~ 
Overall 

Final 

14 

14 

~ 
Mean 

Effe:t size 

.081 

.053 

.17l 

.250 

.305 

.418 

12 -.082 

12 -.089 

*p <: .05 **p<.01 *"*p < .COl 

S.D. 

.153 

.104 

.382 

.347 

.306 

.435 

.383 

.378 

S.E. 

.108 

.074 

.102 

.106 

.153 

.218 

.111 

.109 

.75 

.n 

1.68 

2.36* 

1.99* 

1.92 

-.74 

-.82 

The effect sizes of CAl for remedial and 

college level classes and two and four year 

%ile 

53.2 

52.1 

56.8 

59.9 

62.0 

66.2 

46.7 

46.4 
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institutions appear in Table 35. The overall effect of 

CAl in remedial mathematics courses was a small 

positive effect, placing the average- CAl student at the 

53.2nd percentile compared to the 56.8th percentile in 

college level courses. The effect sizes for CAl in two 

year colleges were substantially greater than those in 

four year institutions though the sample size 
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rather small for generalization. The average CAl 

student in the two year college performed at the 62nd 

percentile compared to the 46.7th percentile in the 

four year college. 

Table 36: Weighted Effect Sizes, CAl versus Lecture, 
Duration of Experiment, 

Comprehensiveness+ of CAl 

~ 
Mean S.D. S,E. tile 

Effe::t sUe 

Less than 8 Weeks -.123 .554 .209 -.59 45.1 

8 Weeks - Semester .227 .092 .031 7.32*** 59.0 

Less than 1/3 -.046 .211 .094 .49 48.2 

1/3 to 2/3 -.031 .694 .401 -.08 48.8 

More than 2/3 .253 .284 .107 2.36* 60.0 

+ Prqortim of ClasstinE d!.tted to CAl. 
*p <.05 tip <.01 **'\'p < .Oll 

Table 36 shows the comparison of effect sizes 

for CAl experiments of duration les8 than eight weeks 

to those of duration from eight weeks through one full 

semester, and of varying levels of comprehensiveness. 

Differences here were small, although, contrary to the 

findings in the literature review for many innovative 

methods, the effect of CAl increased with the length of 

the experiment. The negative effect size for the 

shorter experiments implies that the average student 

performed at the 45.1st percentile as contrasted to the 

59th percentile for the longer experiments. There 

---------- -- -----
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appeared to be an inverse relationship between the 

effect size and the comprehensiveness of the CAl, but 

the differences were not large. Supplemental use of 

CAl placed the average CAl student at the 48th to 49th 

percentile level, while total use produced the 60th 

percentile level. 

Table 31: Weighted Effect Sizes, CAl versus Lecture, 
Study Quali ty and Control for Teacher Effect 

~ 
Mean S.D. S.E. Ute 

-.,;", 

Higher Quali ty .304 .462 .163 1.87 61.9 

Lower Quali ty .069 .312 .110 .63 52.8 

Same Teacher .058 .377 .142 .41 52.3 

Different .202 .434 .164 1.23 58.0 
Teachers 

*p <.00 ti'p< .01 "'p< .001 

Table 37 indicates that the more highly 

controlled experiments in CAl produced a small positive 

effect larger than that of the less well controlled 

studies--a difference of 8.6 percentile points between 

average CAl students in the two groups of studies. 

This reversed the usual trend of sma-l1er effects for 

more highly controlled studies. The studies 

controlling for teacher effect followed the usual 

trend--studies that used the same teacher in both CAl 

and lecture groups produced an average CAl student 
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performance at the 52. 3rd percentile compared to the 

58th percentile for the studies that used different 

teachers. 

Table 38: Weighted Effect Sizes, CAt versus Lecture, 
Time Periods: 1967-1977, 1978-1983, 

Source of Study 

~ ... an 
Effed:.s:ize 

S.D. S.E • %ile 

1967-1977 .035 .345 .115 .30 51.4 

1978-1983 .349 .437 .165 2.12* 63.7 

Journals .167 .150 .087 1.92 56.6 

Dissertations 10 -.120 .458 .145 -.83 45.2 

Reports 3 .295 .199 .115 2.57* 61.6 

*p<.05 "'p <.01 *»p <.001 

Table 38 displays the mean effect sizes for CAl 

according to tbe time of publication and the source of 

the study. Studies included in this meta-analysis 

covered 1959-1986, but the CAl studies were all 

published between 1967 and 1983. Due to tbe smaller 

number of CAl studies than of P.I. 1.1. studies, 

only two time intervals were used, and they were 

selected 8S to contain approximately tbe same number 

of studies. The small positive effect size for the CAl 

studies prior to 1978 placed the average CAl student at 

the 51.4th percentile, compared to the 63.7th 

percentile for the more recent studies. Reports showed 
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the greatest effects of CAl, raising the average 

student to the 61.6th percentile standing; published 

journal articles followed with the 56. 6th percentile 

standing; and dissertation studies produced a similar 

effect, but in the opposite direction--the 45.2nd 

percentile standing for the average CAl student. 

Table 39: Weighted Effect Sizes, CAl versus Lecture, 
Preparation of Programs 

~ S.D. S.E. 
EffEct: size 

Commercial .274 .150 .067 4.09*** 

Local 11 -.075 .447 .135 -.56 

*p·~,05 **p< .01 'ldtkp < .001 

The effects of CAI were small for both 

Ii1e 

60.8 

47.0 

commercial and locally-prepared materials. Commercial 

programs produced a small but definite, positive 

effect, raising the student to the 60.8th percentile; 

locally prepared programs produced a small negative 

effect 80 that the average CAl student performed at the 

47th percentile. 

-----.--~ .. ----
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Table 40: Weighted Effect Sizes, CAl versus Lecture, 
Mode, Heans of Access, and Purpose of CAl 

~ 
Mean Ule 

Effi:!ct aWe 

Mode 

Drill .233 59.2 

Tutorial .231 59.1 

Dialogue 

Means of Access 

Time Shar ing .238 59.4 

Batch .077 53.1 

Micros -.525 30.0 

PurE;ose of CAl 

Homework .206 58.2 

Games -.005 49.8 

Class .237 59.4 
Presentation 

Simulations .686 75.3 

Since several studies did not report the mode 

of CAl, the processing method or means of computer 

access, and the purpose of the computer use, the effect 

sizes in Table 40 are each based on a very small 

sample. None of the CAl studies involved the dialogue 

mode; drill snd tutorial modes produced a small 

positive effect raising the student to about the 59th 

percentile. Time sharing produced a small effect, 

placing the average CAl student at the 59.4th 

percentile; batch processing, or card reading, the 
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53. 1st percentile; and microcomputers, a moderate 

negative effect placing the average CAl student at the 

30th percentile. The use of computers for homework and 

class presentation produced the 58. 2nd and 59.4th 

percentile standing, respectively, in the average CAl 

student; games had almost no effect; and the one study 

of computer simulation use showed a moderate positive 

effect by producing the 75.3rd percentile level for the 

average student. 
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Twenty-nine studies provided 34 independent 

comparisons involving laboratory and discovery methods, 

all of which were direct comparisons with the 

conventional lecture or expository method. The effect 

sizes are shown in Table 41. For simplicity, 

laboratory and discovery instruction will be referred 

to as Lab. 

Table 41: Weighted Effect Sizes, Lab VB. Lecture 

~ 
n+ Mean S.D. S.E. %ile 

E:ffi:nsiz.e 

Overall 34 .114 .482 .083 1.37 54.5 

Final Exam 33 .030 .539 .094 .32 51.2 

Course Grades -.179 42.9 

Future Success 

Retention 15 .159 .473 .122 1.30 56.3 

+ n is tte rurber of co:qmi.9::ng 
*p<.OO ti'p <.01 '*Ide P < .(1)1 

The area under the normal curve associated with 

the weighted total effect size of .114 is 54.5 

percent, as shown in Figure 4, below. Thus the mean-

performing person in Lab performed at the 54.5th 

percentile, or moved up in rank between four and five 

places in a class of 100. This indicates a small 

overall effect of Lab instruction. 



Figure 4: Distributions Comparing Achievement 
in Lab and Lecture 

.114 SD 

Lab Group 

The effect of Lab on final examination 
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performance was to raise the typical student from the 

50th to the 51.2nd percentile, a very small positive 

effect less than the overall effect. The Lab student 

also received a small advantage on retention, to the 

56.3rd percentile. Only one study considered the 

effect course grade and it showed a small negative 

effect by placing the mean-performing student at the 

42.9tb percentile. None of the included studies 

considered the effect of Lab instruction on success in 

future mathematics coures. 
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Table 42: Weighted Effect Sizes, Lab versus Lecture, 
Remedial VB. College Level, 

Two Year VB. Four Year Institutions 

~ S.D. S.E. %ile 
EffEct size 

Remedial Lavel 

Overall .262 .330 .148 1.77 60.3 

Fina! Exam .298 .364 .182 1.64 61.7 

Collese Level 

Overall 27 .127 .511 .098 1.30 55.1 

Final Exam 27 .013 .572 .110 .12 50.5 

~ 
Overall .433 .386 .158 2.74** 66.8 

Final Exam .433 .386 .158 2.74** 66.8 

Four Year 

Overall 27 .087 .479 .092 .95 53.5 

Final Exam 26 -.031 .544 .107 -.29 48.8 

*p <.05 **p<.Ol *kk p <.001 

The effect sizes of Lab for remedial and 

college level classes and for two and four year 

institutions appear in Table 42. The overall effect in 

remedial mathematics courses about twice that in 

college level courses, and larger still on the final 

examination. The effect sizes for Lab in two year 

colleges were moderate and raised the average student 

almost to the 67th percentile. In four year 

institutions the Lab method produced a very small 
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positive overall effect on the average Lab student and 

a slightly negative final examination effect. 

Table 43: Weighted Effect Sizes, Lab versus Lecture, 
Duration of Experiment, 

Comprehensiveness+ of Lab 

~ S.D. S.E. 
Effect site 

Less than 
8 Weeks 26 .164 .469 .092 1.7B 

8 Weeks to 
a Semester -.015 .525 .IB6 -.OB 

Less than 1/3 .517 .460 .325 1.59 

1/3 to 2/3 .247 .512 .IBl 1.36 

More than 2/3 22 .195 .439 .094 2.07* 

+ PlqxrtiaJ. of ClasstiDe cEwobd tD P.I. 
*p<.05 tip < .01 tilrp<.COl 

:Ue 

56.5 

49.4 

69.7 

59.B 

57.7 

Table 43 shows the comparison of effect sizes 

for Lab instruction of duration less than eight weaks 

to those from eight weeks througb a full semester and 

for varying levels of comprehensiveness of the 

treatment. The shorter use of an innovative method 

tended to produce a small positive effect size, raising 

the average student to the 56.5th percentile, while the 

longer duration produced a very small negative effect 

by which the mean-performing student placed at the 

49.4th percentile. 

In general, the reports of the Lab instruction 

experiments were not precise regarding the extent of 



181 

use of concrete physical objects nor concerning the 

level of discovery expected of students. Tbus the 

author was forced to make some judgmental determina-

tions of the comprehensiveness of the treatment. 

Comprehensive use of Lab methods produced a small 

effect size placing the student near the 58th 

percentile. The effect increased with the shorter 

experiments noted for various methods in the 

literature review. 

Table 44: Weighted Effect Sizes, Lab versus Lecture, 
Study Quali ty and Control for Teacher Effect 

~ 
Mean S.D. S.E. 

Effe:t size 

Higher Quality .163 .519 .196 .83 

Middle Quality 12 .082 .380 .110 .75 

Lower Qusli ty 15 .123 .562 .145 .85 

Same Teacher 19 .101 .484 .111 .91 

Different .104 .593 .198 .53 
Teachers 

*p<.05 *irp < .01 **kp < .cm 

tile 

56.5 

53.3 

54.9 

54.0 

54.1 

Lab studies did not conform precisely to the 

expected relationship of the higher study quality 

corresponding to smaller effect size, and they barely 

followed the normal trend with respect to the control 

of teacher effect. Higher quality studies produced the 

small positive effect of raising the average Lab 
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student to the 56.5th percentile, compared to the 

53.3rd and 54.9th for the middle snd lower quality 

studies--very little difference across the levels. 

Controlling for teacher effect made almost 

difference in the effect of Lab instruction--O.l 

percentile point. 

Table 45: Weighted Effect Sizes, Lab versus Lecture, 
Time Periods: 1961-1972, 1973-1974, 1975-1984, 

Source of Study 

~ 
Mean S.D. S.E. 

Effect size 

1961-1972 10 .153 .524 .166 .92 

1973-1974 10 .137 .502 .159 .86 

1975-1984 13 .051 .478 .133 .38 

%ile 

56.1 

55.5 

52.0 

Journals -.003 .574 .217 -.01 49.9 

Dissertations 28 .140 .461 .087 1.61 55.6 

Reports 

*p<.05 '**p< .01 ***p< .cm 

Table 45 displays the mean effect sizes for Lab 

according to the date of publication and source of the 

study. In order to have a nearly equal number of 

studies in each time period, the time periods 

1961-1972, 1973-1974, and 1975-1984 were selected. The 

greater effects of Lab found in the earlier time 

period, a small effect that placed the average Lab 

student at the 56. 1st percentile. More recently the 
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effect sizes for Lab have decreased slightly and 

produced the 52nd percentile standing for the mean-

performing Lab student in 1975-1984. The total 

difference between the three time periods was very 

small--just 4.1 percentile points. 

Published journal articles showed a mean effect 

size somewhat smaller than that of dissertations, the 

49.9th percentile versus the 55.6th percentile standing 

for tbe average Lab student. 

Table 46: Weighted Effect Sizes, Lab versus Lecture r 
Type of Comparison, 

Source of Lab Materials 

>eighteI 
Mean S.D. S.E. tile 

Discovery VB. 
Expository 

Concrete VB. 
Abstract 

Commercial 

Local 

*p<.05 **p<.01 

12 

20 

32 

Effect: size 

.229 

.076 

.049 

.096 

*kkp< .Illl 

.308 

.577 

.562 

.484 

.089 

.129 

.187 

.086 

2.57* 

.59 

.26 

1.12 

The effect sizes for discovery versus 

expository Bnd concrete versus abstract comparisons 

59.1 

53.0 

52.0 

53.8 

shown in Table 46. The discovery method showed a 9.1 

percentile point superiority to the traditional 

expository teaching, while the concrete, inductive 

approach showed a 3 percentile point advantage over the 
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abstract, deductive method. The use of locally 

prepared Lab materials produced the small effect of 

placing the average Lab student at the 53.8th 

percentile. The effect size in studies that used 

commercial materials was about half of that for locally 

prepared materials--it raised the average Lab student 

to the 52nd percentile. Both effects were quite small. 

!!!!lia in-.!!!.!truc.!!..!!.!! 

Thirty-one studies provided 33 independent 

comparisons of mediated instruction (M.I.) versus the 

lecture method--lO involved instructional television 

(TV) and 23, audio-tutorial (A-T) instruction. Nine 

direct comparisons of TV versus the conventional 

lecture method, and 21, of A-T versus lecture. The 

three studies without a lecture control group were a TV 

versus P.I. comparison, an A-T versus P.I. comparison, 

and an A-T versus 1.1. comparison. 



Table 47: Weighted Effect Sizes, TV and A-T VB. Lecture 

n+ ~ 
E:ffi!d: size 

!Y 
Overall 10 -.130 

Final Exam -.177 

Course Grades -.045 

Future Success 

Retention 

A:! 
OVerall 23 .229 

Final Exam 20 .275 

Course Grades 4 -.204 

Future Success 1 .484 

Retention .052 

+ n is tre tUIh!r of caqmi.scm 
*p<.05 Mp<.Ol Mkp<.001 

S.D. 

.368 

.435 

.219 

.354 

.362 

.484 

0 

S.E. 

.116 -1.12 

.139 -1.27 

.155 -.29 

.072 3.18** 

.081 3.40-

.242 -.84 

%ile 

44.8 

43.0 

48.2 

59.1 

60.8 

41.8 

68.6 

52.1 

Table 47 shows the effect sizes based on the 

comparisons of TV and A-T versus the lecture method. 
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The weighted mean effect size for TV was -.130, a small 

negative effect that placed the mean-performing TV 

student at the 44.8th p~rcenti1e. As shown in 

Figure 5, the average TV student performed slightly 

below the average lecture class student. 

-----_. __ .. - --



Figure 5: Distributions Comparing Achievement 
in TV and Lecture 

-.130 SD 

TV Group 

Percentile: 44.8 50 

In contrast, the effect size for A-I 

inscruction was .229, a small, but definite positive 

effect placing the average A-T student at the 59. 1st 
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percentile, as shown in Figure 6. The A-T versus 1.1. 

comparison was not included in the weighted mean effect 

size due to the lack of data on the sample size. 



Figure 6: Distributions Comparing Achievement 
in A-T Slid i.. ... cture 

.229 SD 

Percentile: 50 59.1 

Table 48: Weighted Effect Sizes, M.I. versus Lecture, 
Remedial va. College Level 

~ 
Mean S.D. S.E. %ile 

EffE:ct: size 

Remedial Level 

TV -.051 .260 .130 -.39 48.0 

A-T 13 .284 .313 .087 3.26*** 61.2 

CoUese Level 

TV -.187 .440 .180 1.04 42.6 

A-T .145 .370 .123 1.18 55.8 

*p< .. 05 **p < .01 tik P < .001 
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Table 48 displays the effects of TV and A-T for 

remedial and college level courses. The effects of TV 

at the remedial level were somewhat above those at the 

college level--the 48th percentile standing at the 
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remedial level compared to the 42.6th percentile at the 

college level for the average TV student. The 

direction of difference is the same for A-T--from a the 

61.2nd percentile on the remedial level to the 55.8th 

percentile, at the college level. 

Table 49: Weighted Effect Sizes, H.I. versus Lecture, 
Two Year VB. Four Year Institutions 

~ 
TV 

A·T 

TV 

A·T 

*p < ,05 

12 

**p<.01 

~ 
Mean S.D. 

E:ffect size 

.642 

.347 

·.144 

.122 

***p < .001 

.318 

.314 

.295 

S.E. 

.092 

.105 

.104 

%ile 

74.0 

3.77*** 63.6 

1.37 

1.17 

44.3 

54.9 

since all but one of the TV studies occurred in 

four year colleges, the A-T comparison is the only 

meaningful comparison of effects of mediated 

instruction in two year versus four year institutions. 

As shown in Table 49, A-T placed the mean-performing 

A-T student at the 63.6th percentile .in two year 

colleges versus the 54.9th percentile in four year 

institutions. 



Table 50: Weighted Effect Sizes, M.I. versus Lecture, 
Duration of Experiment 

S.D. S.E. %i1e 

Less than 8 weeks 

TV .168 .389 .225 .75 56.7 

A-T .197 .182 .074 2.60** 57.8 

8 Weeks to a Semes ter 

TV -.153 .374 .141 1.09 43.9 

A-T 17 .219 .381 .092 2.38* 58.7 

*p<.05 **p<.01 "'p< .001 

The experiments of less than eight weeks 

produced much greater effect sizes than the longer 

experiments for TV, but very slightly smaller effect 
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sizes for A-T. Tbe longer TV experiments lowered the 

average TV student to the 43.9th from the 56.7th 

percentile in the sborter experiments; however, the 

longer duration of A-T experiments raised the average 

A-T student slightly to the 58.7th from the 57.8th 

percentile produced in the shorter experiments. 



Table 51: Weighted Effect Sizes, M.I. versus Lecture, 
Comprehensiveness+ of M.I. 

S.D. S.E. %ile 

Less than 1/3 

TV .286 .468 .331 .86 61.3 

A-T .428 .365 .211 2.03* 66.6 

1/3 to 2/3 Time 

TV -.083 .264 .132 -.63 46.7 

A-T .107 .271 .192 .56 54.3 

More than 2/3 

TV -.174 .465 .233 .75 43.1 

A-T 15 .210 .360 .093 2.26* 58.3 

+ Prqatim of classtiue ~ to Mol. 
*p<.05 *p<.01 tikp< .a)1 
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Table 51 shows that a pattern for A-T effec ts 

i. not clear, possibly due to the small sample sizes of 

the two less comprehensive levels of A-T The 

smaller proportion of classtime produced the larger 

effect, a moderate effect size that raised the ave'rage 

TV student to the 61.3rd percentile and the A-T student 

to the 66.6th percentile, while comprehensive use of TV 

produced the 43.1 s t percent i Ie s tanding and A-T, the 

58.3rd percentile. 



Table 52: Weighted Effect Sizes, M.l. versus Lecture, 
Study Quality and Control for Teacher Effect 

~ 
Mean S.D. S.E. %ile 

Effect size 

Quali tl--Hisher 

TV .078 .347 .155 .49 53.1 

A-T .Z19 .155 .052 4.21*** 58.7 

~alitI--Lower 

TV -.183 .412 .184 -1.00 42.7 

A-T 16 .236 .437 .113 2.09* 59.3 

Same Teacher 

TV -.231 .350 .143 -1.62 40.9 

A-T 16 .184 .340 .085 2.16* 57.3 

Different Teacher 

TV 

A-T .262 .398 .178 1.47 60.3 

*p<.05 *lrp <.01 *** p <: .eXll 
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The general trend of smaller effect sizes for 

the highly controlled studies was followed for 

A-T, but was reversed for TV, as shown in Table 52. 

A-T instruction that controlled for teacher effect 

produced a smaller mean effect size than experiments 

using different teachers in the two groups. None of 

the TV experiments considered the effects of different 

teachers. 
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Table 53: Weighted Effect Sizes, H.I. versus Lecture, 
Date of Study 

~ S.D. S.B. XUe 
Ef&ct size 

n 
1959-1964 -.0,8 .345 .154 -.51 46.9 

1970-1978 -.177 .417 .186 .95 43.0 

A-T 

1966-1971 .158 .407 .136 1.16 56.3 

1972-1974 .276 .334 .126 2.19* 60.9 

1975-1981 .228 .266 .101 2.26* 59.0 

*p< .00 1rIrp< .01 ti*p <.001 

The time periods for comparison of research 

results of TV and A-T were not selected identically due 

to differing periods of popularity of the two methods, 

and in fact, no TV studies included in this meta-

analysis were published during the period 1965-1969. 

The time periods were selected to equate, 8S nearly 8S 

possible, the number of studies in each period. For 

TV, the more recent studies, 1970-1978, reported a 

small negative mean effect size which placed the 

average TV student at the 43rd percentile. The earlier 

studies, 1959-1964, produced a smaller negative effect 

that resulted in the 46.9th percentile standing. The 

total range of fluctuation in the A-T effects resulted 

in a difference of less than five percentile points for 

the mean-performing A-T student. 



Table 54: Weighted Effect Sizes, M.I. versus Lecture, 
Source of Study 

S.D. S.E. Zile 

~ 
TV -.194 .106 .075 -2. 59*" 42_3 

A-T .175 .150 .106 1.65 57.0 

Dissertations 

TV -.116 .364 .138 .84 45.4 

A-T 17 .193 .287 .070 2.76** 57.7 

Reports 

TV .642 74.0 

A-T .834 .654 .327 2.55" 79.8 

*p< .05 *kp < .01 1ddtp<.001 

TV produced small negative effects in both 

journal articles and dissertations, and a moderate 
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positive effect in the one report of a TV experiement, 

placing the average TV student at the 42.3rd, 45.4tiJ., 

and 74th percentiles, respectively. The effects of A-T 

instruction were positive regardless of the 80urce of 

the study--small fttr journal articles, very !'lightly 

larger for dissertations, and moderate for reports, 

corresponding to the 57th, 57.7th, and 79.8th 

percentiles, respectively_ 



Table 55: Weighted Effect Sizes, M.I. versus Lecture, 
Commercial va. Locally Prepared Materials 

;e;,;.m 
Mean S.D. S.E. %ile 

EffEct sUe 

~ 
TV 

A-T .224 .255 .114 1.97* 58.9 

LocallI PreEared 

TV 10 -.130 .368 .116 -1.12 44.8 

A-T 15 .198 .337 .087 2.28* 57.8 

*p <.05 **p<.01 *kk p < .all 
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All the TV presentations were locally prepared. 

Tbe A-T materials prepared locally produced a smaller 

positive effect size than did the commercial materials. 

The average A-T student using local materials performed 

at the 57-8th percentile, very slightly less than the 

58.9 th percent i Ie performance 0 f the s tuden t using 

commercial materials. 
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Table 56: Weighted Effect Sizes, M.I. VB. Lecture, 
TV and A-T Instructional Variables 

~ 
Mean %i1e 

Effi!ct size 

~ 
Projection 

Closed Circuit 

Large Screen -.207 41.7 

Screen < = 25" .009 50.4 

Open Circuit -.097 46.1 

Group Size 

> 100 -.192 42.4 

35 - 100 -.350 36.3 

2 - 34 .168 56.7 

Individual -.351 36.3 

Followup 

Programmed 
Materials .577 71.8 

Tutoring -.165 43.4 

A-T 

Supplemental Materials 

Commercial .240 59.5 

Locally Prepared .280 61.0 

Pacing 

Self pacing .269 60.6 

For ced pacing .085 53.4 

Not Reported .342 63.4 

The type of projection, group size, and type of 

fol1own~ to the TV presentation were some of the 

variables in TV instruction, while student pacing and 

------.-~-.. ~.~.-
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preparation of materials to supplement the audio tapes 

were A-T variables. Though the sample sizes were 

small, the data in Table 56, above, may be of interest 

to the reader. 

Only six studies involving comparisons of 

tutoring versus the lecture method were located for 

this meta-analysis. A few titles and dissertation 

abstracts that implied comparisons involving tutoring 

were in reality studies of individualized or programmed 

instruction snd have been included in those sections of 

this study. Since the complete sample size of tutoring 

studies is so small, only the overall effect size is 

displayed in Table 57, and only the remedial versus 

college level and the two year versus four year 

comparisons are shown for tutoring in Table 58. 

Table 57: Overall Weighted Effect Size, 
Tutoring vs. Lecture 

n+ ~ S.D. S.E. 
Effect size 

OVerall .452 .603 1.84 

+ n is tie lUlber of slldies 
*p<.05 *'"p<.01 ***p<.OOl 

%ile 

67.4 

The area under the normal curve assoc iated with 

the mean weighted total effect size of .452 is 67.4 

------------ ---_.-



percent, a8 shown in Figure 7. Thus the mean-

performing tutored student performed at the 67.4th 

percentile. This was a moderate overall effect of 

tutoring. 

Figure 7: Distributions Comparing Achievement 
in Tutoring and Lecture 

.452 SO 

Percentile: 50 67.4 

Table 58: Weighted Effect Sizes, Tutoring versus Lecture, 
Remedial va. College Level, 

Two Year vs. Four Year Institutions 

~ S.D. 
Ef&ct size 

S.E. %ile 

Remedial Level .415 .309 .155 2.68** 66.1 

College Level .502 1.251 .885 1.57 69.2 

Two Year .550 .175 .101 5.45- 70.9 

Four Year .372 .911 .526 .71 64.5 

*p<.05 **p <.01 'MIlp<.ml 

197 
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The mean effect sizes of this small sample of 

tutoring studies indicates a moderate effect of 

tutoring--the average tutored student performance 

increased between 14.5 and 20.9 percentile points 

performance of the average non~tutored student~ None 

of the studies investigated the effect on the tutor 

thougb the literature reviews indicated that the 

interaction was beneficial to both participants--the 

tutor and the tutored. 

~!~~!!.£!Lg.!!~ s t i £!l! 

The first research question was to determine 

the relative effectiveness of the seven innovative 

methods relative to the lecture method. The effect 

sizes for each method have been reported earlier in 

this chapter, but Table 59 (below) gathers both the 

weighted and unweighted mean effect sizes and the 

percentile equivalent for each into one location for 

ease of comparison. 

Inherent in the first research question is a 

global comparison among all the methods. Tutoring 

produced the highest achievement for- the average 
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Table 59: Overa 11 Mean Effect Sizes, 
Innovative Methods Comparison 

n+ 
lbeightal 

Mean %ile 
~ 

Mean %ile 
Effect Si2E Effu:t Sire 

P.I. 29 .192 57.6 .154 56.1 

1.1. 39 .160 56.4 .193 57.7 

CAl 16 .022 50.9 .235 59.3 

Lab 34 .245 59.7 .114 54.5 

TV 10 -.012 49.5 -.130 44.8 

A-T 24 .279 61.0 .229 59.1 

Tutoring .499 69.1 .452 67.4 

+ n is I:iE rud:er of sbJfies 

tutored student, the 69.1st 67.4th percentile 

according to the unweighted weighted mean effect 

size, followed by A·T instruction with the 61st 

percentile standing based on the unweighted effect 

size, or CAl with the 59.3rd percentile based on the 

weighted effect size. All of the others produced a 

small positive effect achievement except for the 

small negative effect of TV which placed the average TV 

student slightly below the average lecture class 

student. 

The second purpose of this study was to 

determine the effectiveness of the innovative methods 

relative to the lecture method at varying student 

ability and levels. The courses were divided 

into three groups, as follows. 
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Group A: Precalculus, including remedial arithmetic 

and algebra courses, college algebra, trigonometry, 

and comb ina t ions thereo f. 

Group B: Calculus, differential equations, finite 

mathematics, statistics, probability, and 

combinations thereof. 

Group c: Foundations of Mathematics, commonly offered 

for elementary education majors, and miscellaneous 

courses such as descriptive geometry. 

Table 60: Weighted Effect Sizes by Course Level 

Group A Group B Group C 

n Mean %ile n Mean :tile Mean %ile 

P.I. 22 .161 56.4 5 .344 63.5 .348 63.6 

1.1. 23 .152 56.0 .467 67.0 .089 53.6 

CAl 8 .288 61.3 .240 59.5 4 -.060 47.6 

Lab 11 .161 56.4 .212 58.4 14 .023 50.9 

TV 6 -.056 47.8 2 -.269 39.4 .292 61.5 

A-T 13 .282 61.1 1 .290 61.4 .147 55.9 

Tutoring 5 .281 61.1 1 1.438 92.4 

Table 60 shows the effect sizes and equivalent 

percentile results for the average s.tudent in the 

indicated method. At the precalculus level, TV was the 

least effective while CAl, A-T, and tutoring were most 

effective. All methods produced substantial positive 

effects in the Group B courses except for the moderate 
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negative effect of TV. In Group C courses, all methods 

produced small positive effects except for the very 

small negative effect of CAl. 

Ability levels were classified as high, middle, 

and low. The non-uniformity of the criteria used to 

classify a student into the ability levels in the 

original studies is a likely threat to the validity of 

any generalizations from the data in Table 61, below; 

however, trends may be indicated. 

Table 61: Weighted Effect Sizes by Ability Level 

High %ile Middle %ile Low %ile 

P.I. -.006 49.2 .119 54.7 .368 64.4 

1.1. -.506 31.6 .259 60.2 .090 53.6 

CAl .744 17.2 .538 70.5 -.675 24.9 

Lab .199 57.9 -.061 47.6 .108 54.3 

TV -.690 24.5 -.702 24.1 -.424 33.6 

A-T -.208 41.7 -.124 45.1 .289 61.3 

Tutoring 0 

High ability students achieved relatively more 

using CAl and Lab instruction, but were impacted 

negatively by P.!., 1.1., TV, and A-T. Middle ability 

students performed better using CAl, 1.1., and P.I. 

Lower ability students achieved using P.I. and 

A-T, and were impacted negatively by TV and CAL 
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The third research queBtion was to determine 

the effectiveness of combinations of the innovative 

methods relative to the lecture method. Except for the 

use of tutoring with other unspecified methods and six 

studies that compared the effects of the use of a 

programmed text versus the conventional text--four in 

conjunction with lecture classes and two, in 

individualized instruction--no studies of a combination 

of methods were located. Table 62 displays both the 

weighted and unweighted overall effects found in the 

comparisons of the use of programmed versus 

convent iona 1 textbooks. 

Lecture 

1.1. 

Table 62: Effect Sizes, 
Use of PrograI!llled VB. Conventional Textbook 

~ 
Mean %ile 

Effirt s;", 

.093 

.040 

53.7 

51.6 

~ 
Mean Xile 

Effect size 

.147 

-.085 

55.9 

46.6 

A programmed text appeared to have a small 

positive effect on student achievement when used in 

conjunction with a lecture class--the average student 

performed near th~ 55th percentile--but less effect 

the student in an 1.1. course. However, valid 

generalization may not be assumed due to the small 

number of studies involved. 



CHAPTER V 

SUHHARY AND DISCUSSION 

This study compared the effectiveness of seven 

innovative instructional metho.is as measured by student 

achievement. The seven methods were programmed 

instruction (P.I.); individualized instruction (1.1.); 

computer based instruction, primarily computer assisted 

instruction (CAI); laboratory and discovery (Lab); 

television (TV) and audio-tutorial (A-T) instruction, 

jointly referred to as media in instruction (H.I.); and 

tutoring. 

The research purpose was to determine (1) the 

effectiveness of the innovative methods relative to the 

lecture method; (2) the effectiveness of the innovative 

methods relative to the lecture method at varying 

student ability and course levels; and (3) the 

effectiveness of combinations of the innovative 

instructional methods. 

The major part of this meta-analysis was the 

compar ison of each of the seven innovative 

instructional methods versus the lecture method. The 

findings are discussed and summarized in this chapter. 

Except for Table 64, all the effect sizes are the 

203 
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overall effect sizes which were calculated from as many 

of final examination, course grade, future success, and 

retention effects as could be determined from the 

reports of the studies. As in Chapter IV, weighted 

effect sizes are used. The corresponding tables with 

unweighted effect sizes in Appendix D. 

Table 63: Weighted Overall Effect Sizes 

~ 
%ile Mean 

Effect sUe 

P.I. 29 .154 56.1 

1.1. 38 .193 57.7 

CAl 16 .235 59.3 

Lab 34 .114 54.5 

TV 10 -.130 44.8 

A-T 23 .229 59.1 

Tutoring 6 .452 67.4 

+ n is th!. tud:er of sb.Jiies 

Five of the instructional approaches 

produced a small positive overall effect with the 

average student performance in the 54.5th to 59.3rd 

percentile range. Tutoring was at least twice 

effective, as indicated by the average tutored student 

performance at the 67.4th percentile. Only television 

(TV) impacted the average student negatively, resulting 

in the 44.8th performance level. ThuB tutoring appears 

to be the most effective, perhaps due to the 
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personalization involved and its use as a supplement to 

rather than a replacement for other methods. 

Table 64: Weighted Effect Sizes, 
Final Examination, Course Grade, 

Future Success, Retention 

~ 
tile Mean 

EfiEct Size 

Final Examination Course Grade 

P.I. 27 .225 58.9 P.I . 23 

1.1. 35 • 170 56.8 1.1 . 

CAl 14 • 233 59.2 CAl 

Lab 33 .030 51.2 Lab 

TV -.177 43.0 TV 2 

A-T 20 .275 60.8 A-T 4 

Future Success Retention 

P.I. -.147 44.1 P.I . 

1.1. • 668 74.8 1.1. 

CAl CAl 

Lab Lab 15 

TV TV 

A-T .484 68.6 A-T 

~ 
Mean 

Effect Size 

.225 

·.073 

.253 

-.179 

-.045 

-.204 

.024 

.799 

.159 

.052 

For P.I. snd CAl, the effects on final 

examination scores and course grades were somewhat 

larger than the overall effects. However, P.I. had 

%ile 

58.9 

47.1 

60.0 

42.9 

48.2 

41.8 

51.0 

78.8 

56.3 

52.1 

almost no effect on retention, and a negative effect 

future Buccess--the average P.I. student performed at 

the 44.lst percentile in the next mathematics course. 



The nature of P.I. with its small sequential 

learning steps encourages mastery of the specific 

course content and may have contributed to improved 
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grades and final examination scores for students 

in P.I. courses. The negative effect on future success 

might be contributed to the 8mall learning steps also. 

The small steps, in conjunction with a design intended 

to produce a low error rate, may have obviated the 

necessity of the students I developing the reasoning and 

problem solving skills necessary for suecess in the 

next course. 

Perhaps the ability of the computer to focus on 

the areas of difficulty for each student provided 

better use of study time and contributed to the 

increased eX8nination performance in CAt. No CAl study 

considered future success or retention. 

The pattern of P.I. effects is reversed in 

1.1., Lab, and A-T--effects on tbe final examination 

score and course grade were less than tbe overall 

effects, and larger for future success and retention, 

except that no Lab study considered future success. 

Student procrastination likely contributed to the 

slightly lower final examination performance and much 

lower course grade in t.I.--the 56.8th and 47.1st per

centiles, respectively--and in A-T--60.8tb and 41.8th 

percentiles, respectively. Tbat is, students tended to 
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procrastinate, and 8S 8 result, many did not complete 

all the units of the course. Since a large part of the 

course grade was determined by the number of completed 

units, the non-completion of units produced negative 

effects on course grade. The effectiveness of the 1.1. 

and A-T methods compensated sufficiently for the 

completion to provide a small positive effect on final 

examination scores. Perhaps the increased time 

necesary for concrete, inductive instruction led to the 

smaller effects for Lab instruction--51.2nd percentile 

on final examination and 42. 9th on course grade. The 

much larger effects of 1.1. and A-T on future succeS8--

74.8th and 68.6th percentiles respectively--and 

retention for 1. I.--18.8th percentile--might be 

attributed to the small unit mastery testing that 

assures that learning has occurred before the student 

progresses to the next unit, and to the immediate 

feedback and individual assistance provided by the 

tutorial system of most 1.1. and many A-T programs. 

The superior retention due to 1.1. and Lab instruction 

supports the theory that one learns best through active 

involvement and self-learning. 

B..;:cause of the pattern of the more immediate 

effectiveness of P.r.--positive effect on final 

examination score and course grade, negative on future 

success, and nearly neutral on retention--P.I. may be 
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most appropriate for the last mathematics in 

which a student is likely to enroll or in courses that 

are not fundamental to later mathematics study. The 

greater effectiveness of I. I. and A-T on future 

and retention than on the more immediate final 

examination score and course grade may indicate their 

use to be more appropriate in prerequisite courses than 

in the student's terminal mathematics course. For 

example, college algebra taught by P.I. appears to 

offer the likelihood of superior success to, for 

example, liberal arts students who need take 

additional mathematics course, while 1.1. may be 

beneficial to engineering students because of the 

increased likelihood of superior achievement in the 

succeeding calculus courses. 

The meanMperforming TV student dropped to the 

44.8th percentile. TV instruction was implemented as a 

means to handle increased enrollments without expanded 

facilites, and the early experiments were primarily the 

lecture presented via TV. The loss of the personal 

contact with the instructor may have. contributed to the 

negative effect. 



Table 65: Weighted Effect Sizes, 
Remedial va. College Level, 

Two-Year va. Four Year Institutions 
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~ %ile n ~ %i1e 

Remedial Level College Level 

P.I. 13 .126 55.0 P.I. 15 .182 57.2 

1.1. 16 .093 53.7 1.1. 22 .306 62.0 

CAl .081 53.2 CAl 14 .171 56.8 

Lab .262 60.3 Lab 27 .127 55.1 

TV 4 -.051 48.0 TV 6 -.187 42.6 

A-T 13 .284 61.2 A-T 9 .145 55.8 

Tutoring 4 .415 66.1 Tutoring .502 69.2 

~ ~ 
P.I. 11 .039 51.6 P.I. 18 .248 59.8 

1.1. 13 -.081 46.8 1.1. 25 .275 60.8 

CAl .305 62.0 CAl 12 -.082 46.7 

Lab .433 66.8 Lab 27 .087 53.5 

TV .642 74.0 TV 9 -.144 44.3 

A-T 12 .347 63.6 A-T 8 .122 54.9 

Tutoring 3 .550 70.9 Tutoring .372 64.5 

Four of the seven methods were les8 effective 

at the remedial level than at the college level and two 

were 1es8 effective in two year colleges tban i. four 

year institutioDs. Students in two year colleges 

achieved relatively more through tutoring and the 

"bands-on" and mediated techniques --CAt, Lab, TV, A-T--

than by P.1. and 1.1. 



210 

The effects of P.I. and 1.1. for remedial 

mathematics courses were less than for college level 

courses, as were those in two year colleges compared to 

four year institutions. Perhaps the difference was due 

to the independent reading necessary in both methods-

assuming a relationship between academic ability and 

reading level--since a greater proportion of students 

in remedial mathematics courses and in two year 

colleges are of lower academic ability than in college 

level and four year institutions. Reading may be less 

vital in lecture classes since u8ua11y much of the 

course content is presented orally. Additionally, the 

smaller class sizes typical of remedial and in 

two year colleges may have provided for greater 

relative achievement than in traditional college level 

and four year college lecture classes, and thus reduced 

the relative advantages of P.I. and t.t. 

The effects of CAl were less for remedial 

mathematics than for college level courses, but 

greater at two year colleges than at four year 

institutions. Remedial and other precalculus level 

courses involve more drill and practice on basic 

computation, skills, and algorithmic processes--tbe 

repetitive procedures at which the computer excels-

than college level courses. CAl would seem better 

adapted to the remedial level than to the more 



211 

conceptual emphasis of college level courses. Thus it 

migbt be expected that CAI would have greater effects 

at the remedial level than at the college level. 

Perhaps the remedial at'udent has had less previous 

exposure to computers and does not adjust 8S readily to 

computer use; also, the small sample of studies using 

computers at the remedial level might have biase.d the 

results. Typically, the class size in two year 

colleges is smaller than in four year institutions 

which often have classes of several hundred students. 

Probably the more individualized attention the student 

was likely to have received increased the effect of CAl 

in the two year college. Also, the ratio of available 

means of computer access per student was probably 

higher in two year colleges: Some studies reported 

that university students experienced difficulties in 

gaining access to the computer due to hardware 

limitations. 

The effects of CAl found in this meta-analysis 

differ slightly from the overall results presented in 

the literature in which all except ope of the meta

analyses reported that the effects of CAl were to raise 

the average student to at least the 60th percentile 

<59.3rd percentile here). The one exception, in which 

the average student performance was raised to the 

53.2nd percentile, was a meta-analysis of 12 studies in 
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which CAl replaced traditional instruction in elemen

tary and secondary mathematics. The slight difference 

between findings of this meta-analysis and those in the 

literature review is likely due to the age level and 

the subject--mathematics. The majority of mathematics 

studies in the reviews were at the elementary or 

secondary level--the level where much of mathematics 

study is the learning of basic facts; most CAl studies 

conducted at the college level focused on other subject 

In other words, in college level mathematics, 

CAl is probably 1es8 effective than in lower level 

mathematics because the latter is on a more drill

based, concrete level, and is les8 effective than in 

other subjects because of the higher standards of per

formance required in mathematics and the fact that the 

lower courses have already served a discriminatory 

function--the remaining students have higher ability. 

The Lab, TV, and A-T methods produced greater 

effects at the remedial level and in two year colleges 

than at the college level and in four year 

institutions. The smaller classes alld more 

individualized attention in remedial and in two 

year colleges may be responsible for the difference. 

Many of the TV experiments merely reproduced lectures. 

Remedial level students may not learn well from a 

lecture due to poor note taking skills and the poorer 
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concentration that is common for students of lower 

academic ability, but perhaps the remedial students' 

perception of TV as entertainment helped them focus 

their attention for better concentration. A-T allows 

for greater individualization and almost unlimited 

repetition and Lab provides the use of physical and 

manipulative objects, all of which would be beneficial 

to remedial more than college level students. 

The number of studies of tutoring may be too 

small to generalize the slightly greater effects found 

in college level than remedial level courses, and in 

two year colleges than in four year institutions. 

Table 66: Weighted Effect Sizes, 
Duration of Experiment 

n X %ile n X %ile 

Less than 8 Weeks 8 Weeks to a Semes ter 

P.I. 12 .213 58.4 P.I. 17 .118 54.7 

1.1. 5 -.027 48.9 1.1. 33 .206 58.2 

CAl -.123 45.1 CAl 9 .227 59.0 

Lab 26 .164 56.5 Lab -.015 49.4 

TV 3 .168 56.7 TV ·.153 43.9 

A-T .197 57.8 A-T 17 .219 58.7 

Lo!!ler than one Semester 

1.1. .701 75.8 
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The shorter duration of experiments tended to 

produce a greater effect for P.I., Lab, and TV. 

Perhaps the novelty of the method wore off, the 

Hawthorne effect diminished, or the experiments of 

shorter duration were better controlled and produced a 

more accurate estimate of effect. For Lab instruction, 

the time inefficiency is a likely factor, and the 

mathematical content selection may be a greater factor. 

That is, some topics lend themselves to the use of 

manipulative objects or to discovery through induction; 

others do not. The researchers who conducted the 

experiments included in this meta-analysis tended to 

select the mathematical topics more suitable for Lab 

instrucioD. The post-test in many of the shorter 

studies was limited to the topics studied during the 

experiment; thus the testing was limited to those 

topics also. In the longer and more comprehensive 

studies, topics less suited to Lab instruction were 

included necessarily due to required course coverage. 

The effects of the more individualized methods 

increased with the duration of the experiment. For 

A-T, the increase was slight, while the I.!. and CAl 

effects increased considerably--almost nine and 14 

percentile points, respectively--with longer duration. 

The 1.1. and A-T systems provide guidance in study and 

activities but not the step by step directions of P.I., 
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80 the student is responsible for developing study 

habits and self-discipline. Perhaps the longer 

experiments provide the time for the student to develop 

the habits necessary to produce greater achievement. 

The adjustment to the use of the computer may have 

required more time than was expected in the CAl studies 

and the shorter experiments may not have provided 

sufficiently for it; thus greater achievement might 

result partially from the additional computer time 

available to the student. 

Table 67: Weighted Effect Sizes, 
Comprehensiveness+ of Method 

~ %i1e ~ 
%ile Mean n !lean 

_aim _aim 
~ 
!lean 

_aim 
%i1e 

Less than 1/3 Time 1/3 to 2/3 Time More than 2/3 Time 

P.I. .427 66.5 2 .147 55.9 25 .138 55.5 

1.1. .324 62.7 1 .193 57.7 36 .178 57.1 

CAr -.046 48.2 -.031 48.8 .253 60.0 

Lab .517 69.7 .247 59.8 22 .195 57.7 

TV .286 61.3 4 -.083 46.7 -.174 43.1 

A-T .428 66.6 .107 54.3 15 .210 58.3 

+PrqJorticI'IOfClasstin:em.1Cte:ltoP.L 

Except for CAl, all of the innovative methods 

produced greatest effect when used on a supplemental 

basis. Perhaps boredom sets in as the novelty wears 

off. The Hawthorne effect likely diminishes with more 

comprehensive use also. The increase in effects of CAl 
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from the 48.2nd percentile at the lowest level of 

comprehensiveness to the 60th percentile at the highest 

level may be due partly to the need for the student to 

learn effective computer use. Until the student 

devotes sufficient time to become comfortable using the 

computer, CAl cannot be effective, and it may require a 

greater time commitment than is necessary for other 

innovative methods. 

Table 68: Weighted Effect Sizes, 
Study Quality 

~ %ile ~ tile Mean n Mean 
Ef:6ect Size E.ffect Size 

Weitjtted 
Hean 

Effect size 
tile 

Higher gualit:z: Middle ~alitI Lower gU8litI 

P.I. 11 .084 53.4 .216 58.6 10 • '79 61.0 

1.1. 14 .155 56.' l' .117 54.7 13 .'79 61.0 

CAl .304 61.9 .069 5'.8 

Lab .163 56.5 12 .082 53.3 15 .123 54.9 

TV .078 53.1 -.183 42.7 

A-T .'19 58.7 16 .236 59.3 

A trend noted in the literature review was that 

highly controlled experiments tended to produce 

smaller effects than the less well controlled studies. 

That conclusion appears to be valid for P.1., 1.1., and 

A-T studies, but the magnitude of the differences was 

very small--the largest difference occurred with P.I., 

from the 53.4th percentile for the higher quality 



studies to the 61st percentile for the lower quality 

studies. Jamieson et a1. state a plausible reason: 
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"When highly stringent controls are imposed on a study, 

the nature of the control tends to force the methods of 

presentation into such similar formats ••• tI (Jamieson 

et 81. 1977, p. 36) that smaller effects. can be 

expected. That is, the greatest possible control of 

variables which may account for differential 

achievement tends to decrease the differences between 

ins truct iona1 methods. 

Contrary to the usual pattern, the more highly 

controlled experiments in CAl, Lab, snd TV produced 

higher effect sizes. Perhaps the greater effects in 

the studies of higher quality were due to experimenter 

error, either advertently or inadvertently. Similarly, 

in the studies that were not adequately controlled, the 

experimenter might have erred in an attempt to 

compensate for the lack of controls. The decrease in 

the aversge Lab student performance was amall--from the 

56.5th to the 54.9th percentile; CAl and TV experienced 

a larger decrease from the more high~y to the less well 

controlled studies. 
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Table 69: Weighted Effect Sizes, 
Control for Teacher Effect 

~ 
:tile 

~ 
r.ile Mean Mean 

Effirl '"'" Effirl '"'" 

Same Teacher Different Teacher 

P.I. .197 57.8 P. I. .219 58.7 

1.1. 16 .010 50.4 1.1. 12 .307 62.1 

CAl .058 52.3 CAl .202 58.0 

Lab 19 .101 54.0 Lab .104 54.1 

TV 6 -.231 40.9 TV 

A-T 16 .184 57.3 A-T .262 60.3 

One factor in the quality of a study was the 

control for teacher effect. In all the methods, the 

studies that attempted to control for teacher effect by 

using the same teacher produced smaller effects than 

those studies that used different teachers. The amount 

of difference varied from the very small 0.9 of a 

percentile point for the P.I. studies to 11.7 

percentile points for the l.r. studies. The use of an 

enthusiastic volunteer or of the most qualified teacher 

for tbe experimental method may have contributed to the 

higher effect with the use of differ~nt teachers. None 

of the TV studies reported using different teachers. 
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Table 70: Weighted Effect Sizes, 
Time Per iods: Earliest, Middle, Most Recent 

~ %ile 
\I!i3ItsI 

%ile 
\I!i3ItsI 

%i1e Mean n Mean Mean 
Effi!ct Size Effi!ct Size Effi!ct Size 

Earliest !i!!fu Most Recent 

P.I. 10 .265 60.5 10 .223 58.8 -.030 48.8 

r.r. 12 .284 61.8 18 .189 57.5 .068 52.7 

CAl .035 51.4 .349 63.7 

Lab 10 .153 56.1 10 .137 55.5 13 .051 52.0 

TV -.078 46.9 5 -.177 43.0 

A-T .158 56.3 .276 60.9 .228 59.0 

Another pattern noted in the literature review 

was the tendency for the effects of an innovative 

instructional method to increase in more recent years--

a tendency attributed to improved technology and its 

appropriate use. This trend was found for CAl and 

A-T, and certainly improvements in technology and the 

appropriateness of its use may have contributed to the 

increase. CAl increased the average student perform-

ance from the 51.4th percentile during the earlier 

period to the 63.7th percentile in the most recent 

period of this meta-analysis. The increase in A-T 

effects was less marked--about one-fourth as large. 

P.I. and 1.1. decreased in effect about the 

same amount that CAl increased--near 12 percentile 

points--while the decrease in the effects of Lab and TV 

instruction was very small--about four percentile 

-------------- ._----_._ ... _ ..... 
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points froDl the earliest to the most recent period of 

this study. P.I. showed the greatest effect in the 

early to mid-1960's, during the peak years of research 

on P. I. Teacher enthusiasm probably greater during 

the early years of P.I. The majority of all the P.I. 

studies used commercial materials; perhaps the greater 

effect size is due partially to the greater selection 

and quality of up-to-date, programmed materials during 

a time when P.I. was in the forefront in educational 

circles. P.I. is dependent upon quality programming-

the novelty has worn off and fewer qualified eduators 

have been involved in preparing programmed materials 

recently. 

Perhaps the decrease in effects of 1.1. is due 

to the diminished novelty effect and teacher enthusiasm 

in conjunction with the heavy dependence of I. I. 

systems on staff rather than technology. No great 

changes have occurred in "human nature ll during the 

per iod under sc rut iny. 

In recent years, greater use of Lab instruction 

has occurred on the elementary and s~condary levels-

perhaps the novelty effect has diminished by the time 

the student enters college. The emphasis greater 

productivity in education tends to contravene effective 

Lab instruction which requires more extensive planning 

and smaller classes than the lecture. Perhaps, also, 

--------- ---
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the increased availability of commercial materials and 

the slightly smaller effects of their use than of 

locally prepared materials contributed to the lower 

effect of Lab in the more recent time periods. 

Possibly the decrease in effectiveness of TV is 

due to the boredom with TV and lack of novelty to the 

college student. The younger college student today has 

grown up with TV in the home and considers its purpose 

to be entertainment, not education. 

Table 71: Weighted Effect Sizes, 
SOurce of Study 

~ 
Mean %ile n 

~ 
Mean %ile 

Effect s;", Effect Si22 
~ 

Hean %LIe 
Effa::t Size 

Journals Dissertations Reports 

P.I. .061 52.4 19 .198 57.9 .138 55.5 

1.1. .150 56.0 27 .105 54.2 .398 65.5 

CAl .167 56.6 10 -.120 45.2 .295 61.6 

Lab 7 -.003 49.9 28 .140 55.6 

TV 2 -.194 42.3 -.116 45.4 .642 74.0 

A-T .175 57.0 17 .193 57.7 .834 79.8 

The source of publication was another variable 

that tended to be related to the effect of an 

innovation in the literature review. Generally journal 

articles reported greater effect sizes than 

dissertations--journals are likely to accept study 

reports showing significant results. 1.1., CAl, and TV 
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followed that pattern. TV studies reported in journals 

found a more negative effect--tbe 42.3rd percentile--

than those reported in dissertatioDa--tbe 4S.4th 

percentile for the average TV student. Host of the 

studies reported in conference proceed-ings or in 

ERIC documents found larger effects of the innovation; 

the focus of special conferenees could introduce bias 

towards a specific instructional method. Also, the 

small number of studies in several categories prevents 

assumption of valid generalization from these findings. 

Commercial 

P.I. 

CAl 

Lab 

TV 

A-T 

Table 72: Weighted Effect Sizes, 
Preparation of Materials or Presentations 

~ %i1e n ~ 
EffB:t:""" EffB:t """ 

~ 
22 .097 53.9 P.I. 10 .083 

.274 60.8 CAl 11 -.075 

.049 52.0 Lab 32 .096 

TV 10 -.130 

.224 58.9 A-T 15 .198 

Ute 

55.5 

47.0 

53.8 

44.8 

57.9 

The comparison of commercial versus locally 

prepared materials did not apply to 1.1. since almost 

all 1.1. systems used commercial textbooks and locally 

prepared study guides. Essentially, it did not apply 

to TV instruction either since all presentations were 

prepared locally. Except for CAl, all differences in 
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effect of the commercial and local materials were less 

than two percentile points, favoring commercial for 

P.1. and A-T, local for Lab. Locally prepared 

materials are generally designed with the specific 

student body and course objectives in mind--probably a 

factor in their slightly greater effects than 

commercial materials for Lab. Commercial materials 

generally receive more reveiw, modification, and 

pilot-testing than those produced Ioedly, particularly 

those produced specifically for dissertation research, 

which may explain their slightly better effects in P.I. 

and A-T, and much greater effects in CAl. 

CAl produced an average student performance at 

the 60.8th percentile level with commercial materials, 

but only the 47th percentile with local programs. 

Pilot testing and "debugging" of computer programs is 

probably of more importance than testing of P.I. or A-T 

materials .. -an error in a computer program may terminate 

the lesson abruptly, whereas in P.I. or A-T the student 

generally is delayed only long enough to have a 

question or two answered by the instructor or tutor. 

Since locally prepared computer software is not usually 

tested to the extent of commercial programs, it may 

contribute to the negative effect on student 

achievement. 
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The second research question was the effect of 

the innovative methods on students of different ability 

levels and at varying course levels. Courses were 

classified (1) Group A: the precalculus level, 

including remedial courses; (2) Group B: the calculus 

sequence, finite mathematics, statistics and 

probabiltiy; and (3) Group c: the foundations course, 

primarily for elementary education majors, and other 

miscellaneous Table 73, duplicated from 

Table 60 in Chapter IV, displays the findings. 

Table 73: Weighted Effect Sizes by Course Level 

Group A Group B Group C 

n~ tile n~ %i1e n ~ :tile 
EffEct SUe EffEct SUe EffEct SUe 

P.I. 22 .161 56.4 .344 63.5 .348 63.6 

1.1. 23 .152 56.0 .467 67.0 .089 53.6 

CAl 8 .288 61.3 .240 59.5 -.060 47.6 

Lab 11 .161 56.4 .212 58.4 14 .023 50.9 

TV 6 -.056 47.8 2 -.269 39.4 .292 61.5 

A-T 13 .282 61.1 .290 61.4 .147 55.9 

Tutoring 5 .281 61.1 1 1.438 92.4 

All seven innovative methods were more 

effective than lectures for all groups with three 

exceptions: TV in precalculus, Group Aj TV in the 

calculus, Group B; and CAl in Group C, mostly the 
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elementary education group. Most effective for Group A 

were CAl, A-T, and tutoring, probably due to the 

basic, rote, factual learning well adapted to CAl, 

the possibility of repetition in A-T, and the one-to

personalization of tutoring. 

Group B students gained most from all of the 

individualized methoda--tutoring, 1.1., P.!., and 

A-T, in that order; the 92.4th percentile found in the 

single tutoring study at that level can hardly be 

generalized. CAl showed a sufficiently positive effect 

to warrant its use--the 59.5th percentile--even though 

learning in the calculus sequence is more conceptual 

than rote. Computer simulations may clarify probabil

ity concepts better than lectures and in less time than 

performance of actual experimenta, and the facility of 

computations may allow the student to focus on the 

concepts and processes rather than the arithmetic 

needed to arrive at the conclusions. Overall, except 

for TV, Group B gained more from all of the innovative 

methods considered in this study than did the other 

groups of students. 

Group C received the greatest effects from P.I. 

and TV, and all were positive except for a small 

negative effect of CAl which resulted in the 47.6th 

percentile standing. Most of the students involved in 

this group of courses taking the Foundations of 

----------------
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Mathematics course for elementary education majors, 

with heavy emphasis concepts instead of facts. Thus 

the negative effect of CAl might almost be expected. 

There were only two TV studies in this classification-· 

one of them involved descriptive geometry, in which the 

visual sense plays an unusually important part, and 

produced a relatively large positive effect. 

Table 74: Weighted Effect Sizes by Ability Level 

High Middle Low 

~ 
Hean %ile 

~ 
Mean tile 

~ 
Mean %ile 

Effuct SUe Effuct SUe Effuct SUe 

P.I. -.006 49.8 .119 54.7 .368 64.4 

1.1. -.506 31.6 .259 60.2 .090 53.6 

CAl .744 77.2 .538 70.5 -.675 24.9 

Lab .199 57.9 -.061 47.6 .108 54.3 

TV -.690 24.5 -.702 24.1 -.424 33.6 

A-T -.208 41.7 -.124 45.1 .289 61.3 

Tutoring 0 

None of the tutoring studies classified 

students on ability levels, 80 this analysis is based 

on the other six methods. The number of studies is 

very small, but the data indicate some patterns. 

Bright students do not need special techniques most of 

which, in fact, tended to be counter productive, 

perhaps slowing the rate of learning. The opposite 



found for: the students of lower ability--most 

innovative methods were more effective than the 

traditional lecture. 

The high-ability student gained from CAt and 

Lab instruction, experienced almost no effect from 

P.lo, and was impacted negatively from 1.1., TV, and 

A-T. The CAl study was conducted in a calculus 

course for which CAl was found to be effeetive. 
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Perhaps the lack of simultaneous interaction with the 

instructor and other students or the absence of the 

challenge and insight that the bright student often 

gains from class discussion contributed to the negative 

effects. Lab instruction generally provided such 

interaction, and it produced a small positive effect 

the bright student, placing him at the 57.9th 

percentile. This means the student placed at the 

57.9th percentile compared to the high-ability portion 

of the lecture class in which the average of those 

high-ability students was the 50th percentile. 

The middle-ability student performed best with 

CAl, 1.1., and P.I. Again, the one CAl study was 

probably effective due to the type of course, but valid 

generalizations may not be drawn from one study. Both 

the 1.1. and P.I. systems provided close guidance in 

the learning process, and the middle-ability student 

capable of the required independent reading. Lab 
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2nd A~T produced slightly negative effects~-perhaps the 

involvement of the kinesthetic and aural senses 

provided interference rather than reinforcement for 

this level student. 

P .. I. and A-T produced the best effects for the 

low-ability student. 1.1. was somewhat less than P.I. 

and A-T, probably due to the absence of the sequence of 

small steps leading to a low student response error 

rate that is a part of the P.I. design, and to the 

absence of the audio component of A-T. Lab also 

produced a small positive effect--aome of the 

low-ability students may be functioning on the concrete 

level at which manipulation of physical objects brings 

meaning to mathematical concepts. 

Thus far, all statistical techinques used in 

this study have been descriptive rather than 

inferential in nature. liThe role of statistical 

inference is meta-analysis is somewhat uncertain" 

(Glass and McGaw 1981, p.197). The major factors in 

this uncertainty are the statistical dependence of the 

data due to the inclusion of more than one finding of a 

study and the lack of a random sample of the population 

of studies in spite of the attempt to locate all of the 

stud ies the topic under consideration. 

In this meta-analysis, the desired independence 

of data was achieved through the composite--the 
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overall--effeet size of each study. The lack of 

randomness remains. The 95% confidence intervals 

determined for the mean overall effect sizes of each 

set of studies by the usual calculation, shown 8S 

formula (II). 

Table 75 displays the confidence intervals for each of 

the innovative methods in terms of the overall effect 

sizes and the equivalent percentiles. 

Method 

P.I. 

1.1. 

CAl 

Lab 

TV 

A·T 

Tutoring 

Table 75: 95 Percent Confidence Intervals, 
Effect Sizes and Percentiles 

Effect Sizes Percentiles 

.026, .282) (51.0, 61.1) 

.049, .337) (52.0, 63.2) 

.037, .548) (51.5, 70.8) 

(·.054, .282) (47.8, 61.!) 

(-.393, .133) (34.7, 55.3) 

( .079, .379) (53.2, 64.8) 

(·.241,1.145) (40.5, 87.5) 

The wider 95% confidence intervals for 

tutoring, TV, and CAl than for the other methods result 

from the smaller number of studies of the former 

methods. Further research in the area might provide 

more focused evidence regarding these methods. The 

intervals for P.I., 1.1., CAl, and A-T do not include 



the null effect--the 50th percentile--indicating a 

definite positive effect of these methods. 

since the above confidence intervals 
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based 

on the weighted mean effect size of each set of 

studies, it seems possible that a change of sample size 

in a study or a change in the effect size of a study of 

large sample size might greatly impact the mean effect 

size. Various hypothetical changes were assumed and 

the resulting changes in mean weighted effect sizes 

were calculated. All 

example, five changes 

quite small changes. For 

calculated for the set of 

studies of P.I. Two were changes in effect size and 

three, in the weighting--the average of the sample size 

of the control and experimental groups. 

1) The largest weighting in a P.I. study was 193; 

the corresponding effect size was .261 (one of the 

larger effect sizes, though it does not affect the 

change in the mean effect size). If the effect size of 

the study were increased 2 percentile, a .05 increase 

of the effect size, then the mean weighted effect size 

of the P.I. studies would increase only .006, or .24 of 

a percentile point, due to the large total sampl.: size. 

2) The same 2 percentile increase in effect size 

in the study of the smallest weighting would produce so 

slight a change in the mean weighted effect size that, 



accurate to three decimal places, no change would be 

shown. 
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3) The largest effect of P.I. found in an included 

8tudy was 1.198; the weighting of this study was 10. 

Supposed the weighting were doubled. The resultant 

change in mean weighted effect size would be .006, or a 

.24 percentile point change. 

4) The smallest effect size found was 0 in a study 

for which the weighting was 64. Doubling the weighting 

would result in a .005 change in the mean weighted 

effect size, .2 percentile point change. 

5) Doubling the weighting of the study with the 

largest weight, 193, would result in a change of .042 

in the mean weighted effect size, 

point change. 

1. 7 percentile 

All of these hypothetical changes are very 

small because of the large total sample size. Thus it 

appears that statistical power was derived from the 

large number of individuals involved in the studies 

rather than from the randomization in selection of the 

studies. 
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The findings of this meta-analysis 

summarized here. 

1) Relative to the traditional lecture method, 

each of the innovative methods produced a smhll 

moderate positive effect on student achievement, 

except for 'IV instruction which showed a small 

negative effect. On the basis of the overall 

effect sizes, the seven methods ranked in order 

of their effectiveness in Table 76, below, and a 

possible rationale is provided for their rankings. 

Table 76: Innovative Methods Ranked by Effect Size 

n+ ~ %ile 
EffBct s;", 

Tutoring .452 67.4 

CAl 16 .235 59.3 

A-T 23 .229 59.1 

1.1. 38 .193 57.7 

P.I. 29 .154 56.1 

Lab 34 .114 54.5 

TV 10 -.130 44.8 

+ n is tre tUlber of sbJ:l:ies 

a) Tut~!!!.& may be the most effective due to 

its one-to-one personalization and and the fact that, 

by design, it is normally a supplement rather than a 

replacement for traditional methods of instruction. 
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b) ill owes its effectiveness for factual 

learning to the computer's infinite patience in 

repetitive drills, and for conceptual learning to its 

facility at computation and simulation which enable the 

student to focus on processes and results. 

e) ~ may owe its effectiveness, 

particularly at the resedi.! level and in two year 

colleges, to its structured learning plan and detailed 

assignments, its essentially unli!!!.ited potential for 

repetition, its audio component, and a combination of 

individual and group sessions. A-T is normally used in 

place of rather than as a supplement to traditional 

methods. 

d) hh is very effective at the college 

level and in four year colleges, probably because it is 

based unit mastery testing snd an individual 

tutorial system, both of which have been proved 

effective. 

e) !.:.!.:. is effective because of its small, 

sequential steps and immediate feedback, but less 

effective tban 1.1., perhaps, due to. the boredom that 

arises from the continual sameness of the process and 

to less individualization. 

f) ~ is effective selectively--certain 

topics are "naturals" for laboratory and discovery 

instruction. However, more time is required for 
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experiential and inductive learning, 90 Lab is not 

effective some other methods. 

g) !y was found to be less effective than 

the much maligned lecture method, probably because TV 

has been used mostly to duplicate the lecture, without 

the personal contact with an instructor. 

2) Relative to lecture instruction, the 

precalculus students experienced the greatest impact 

from CAl, A-T, and tutoring. These methods excel at 

the -precalculus level because of the basic, factual 

learning so well adapted to CAl, the possibility of 

repetition in A·T, and the personalization of tutoring. 

For the calculus, finite mathematics, and statistics 

students, the greatest effects produced by 

tutoring, 1.1., and P.!., with A-T, CAl, and Lab not 

very much lower. The near equivalent effectiveness of 

all of the innovative methods on the calculus level may 

be because of their novelty and the personalization of 

the former methods. The students in the third group 

benefited most from P.I. and TV, and almost equally 

from the other innovative methods except CAl. TV 

used effectively as a visual aid in descriptive 

geometry rather than as a duplication of the lecture, 

so was more beneficial to this group of students; the 

more conceptual emphasis of the foundations course was 
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step by step guidance through the concepts. 
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The students with high academic ability 

achieved at a higher level using Lab instruction. The 

brighter students do not need the close guidance or the 

audio component of the more individualized methods, but 

benefit from the interactions with an instructor and 

classmates in the Lab setting. P.I. and 1.1. were more 

beneficial to the middle snd lower ability students, 

possibly because of the degree of guidance provided in 

the learning process. P.I., A-T, and Lab were the most 

effective of the innovations for the lower ability 

students due to the step by step learning of P. I., the 

audio component of A-T, and the concrete, manipulative 

aspects of Lab. 

3) Regarding the effectiveness of combinations of 

the innovative instructional methods relative to the 

lecture method, very little could be determined. 

Except for the use of tutoring with other unspecified 

methods and the use of programmed materials in 1.1. and 

lecture classes, no study of a combination of the 

innovative methods was found. The programmed text 

slightly less effective than the conventional text in 

1.1. and a little more effective with lecture classes. 
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~!!!!!end!tio!!..! 

Before making recommendations, the author 

presents two caveats. First, the effectiveness of the 

innovative instructional methods under study in this 

meta-analysis was considered independent of the cost-

in fact, no consideration whatsoever was given to the 

cost effectiveness of Bny of the methods. Since 

adequate resources rarely are available to educators, 

cost-effectiveness may be a major factor in the 

decision to implement an innovative instructional 

method. For example, this study found TV to be less 

effective in general than the lecture method; however, 

it may have been more cost-effective, as measured by 

units of learning per dollar expended, because of the 

capability of instructing almost unlimited number of 

students simultaneously. Also, CAl was found to 

produce the 59.3rd percentile standing for the average 

CAl student. Certainly, it is noble to raise the 

typiclil student performance almost 10 percentile 

points, but educators and administrators must determine 

whether the benefits are worth the C~8t of purchasing 

the computer hardware and software and of training 

instructors for effective of CAL 

Second, learning is a very complex process and 

many variables of the teaching~learning process were 

not considered in this study. For example, no attempt 
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was made to include the effects of matching the 

students I learning styles to the instructors' teaching 

styles, nor the effects of background (beyond the 

remedial versus college level distinction) or attitudes 

of students towards mathematics and learning. 

Based on the findings of this meta·analysis and 

with these caveats in mind, the author makes two sets 

of recommendations: possibilities for improved lower 

division mathematics instruction, and definite 

recommendations, primarily for further research. The 

first recommendations are classified as possibilities 

because of resource constraints--funding of instruction 

is generally through the individual college 

university. The definite recommendations relate 

primarily to research which is often funded through 

outside sources rather than local instructional 

!2.!sibilitie!, 

1) The incorporation of several innovative methods 

into instructional repertoires. 

2) The frequent variation of instructional 

methods. The novelty of an innovation wears 

off--IIPacman" did not last. 

3) The accompaniment of microcomputer acquisition, 

which is occurring "at a rapid clip" due to the 

decreasing cost and the current emphasis "high 
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technology," with appropriate pre- and in-service 

teacher training. CAl was found to have a positive 

overall effect on acheivement, but negative when 

the CAI was delivered via microcomputers. On the 

basis of personal experience in the community 

college, the author conjectures that the negative 

impact arises from the introduction of computers 

without sufficient teacher preparation and 

institutional support. 

4) Instructor acquisition of computer knowledge 

and the incorporation of CAl in precalculus and 

calculus courses. "Seeing is believing"--computer 

simulations of probability concepts or statistical 

experiments and computer demonstratioDs of limit 

concepts can be more convincing to the student, and 

certainly more memorable, than a verbal 

description. 

S) The implementation of more laboratory and 

discovery techniques and the use of an abundanc~ of 

tangible items as appropriate, particularly in 

remedial level courses. 

6) Rather than adoption of a total method, the 

incorporation of specific elements of innovative 

methods that have been shown to contribute 

significantly to the effectiveness of instruction. 
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.!!~!i!!ill-~~!!dat~!!.! 

1) The implementation of CAI not be attempted on a 

"shoestring" budget, but only when institutional 

support provides the necessary resources--hardware, 

software, information sources, facilities, and 

personne 1. 

2) The investigation of the relationship between 

persistence in a COUTse and the variables of the 

instructional method. 

3) The investigation of the effectiveness of 

various instructional methods on students of 

different ability levels. 

4) The investigation of the effectiveness of 

various combinations of the innovative methods 

relative to the lecture method. 

S) The investigation of the cost-effectiveness of 

various instructional methods. 
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table 77: Summary of Effect Sizes, 
Programmed Instruction vs. Lecture 

EfIB:t Size li!ijj1t Ptab::t 
AllIHR OWE) SllUE RlUATIIlI (d) (w) (.d) 

Alderman (1978) AZ Phoenix College -.343 56.5 -19.380 
Beck (1970) GA Abraham Baldwin -.364 47 -17.108 
Berman (1973) NY Pace College .417 75 31.275 
Block (1968) MD Morgan Bt College .370 100 37.000 
Clucas (1972)+ CA Fullerton JC .590 145 85.520 

Orange Coast, Cypress 
Cohen & NY Queensborougb CC .210 59 12.390 

Diamond (1975) 
Corn & Bebr (975) NY QueeD.sborough CC -.261 193 -50.373 
Davis, T.A. (966) IL DePauw Universi ty .500 64 32.000 
Dobyns (963) LA KcNeese St College .199 90 17.910 
Gleaves (961) TN U of Tennessee .282 29 8.178 
Kellems (1964) IN Indiana Bt College -.041 59.5 -2.439 
Key (1964) TN Middle TenD Bt Call .489 21 10.269 
Lane (1964) TN George Peabody .271 30 8.130 
Lawrence (1966) NY NYC CC Applied .114 60 6.840 

Arts & Sciences 
Lieblicb (1976) NY Bronx CC -.013 62 -.806 
Little (964) CO Colorado Bt U .047 37 1.739 
Machetanz (1967) CA Los Angeles Valley -.105 19 -1.995 
McCreary (975) VA Virginia Union .075 27 2.025 
Med1ey(1975) TN Belmont College .054 16 .864 
Myers (1965) TN East Tennessee Bt .439 31.5 13.829 
Nott (1970) FL St. Petersburg Call -.024 93 -2.232 
Raines (974) Manatee JC .209 60 12.510 
Reed (1971). MS Mississippi St U .001 98 .098 
Shiflett (1963) MO sw Missouri St Coll -.233 46 -10.718 
Smith, M.L.A. (1975) LA Southern University .188 20 3.760 
Smith, N.H. (1963)+ CO U.s. Air Force Acad 0 64 .000 
Swartz (985)+ MI Ferris St College .288 117.5 33.840 
White, C.C. (1969). UT Utah St University .457 66 30.162 
Whitlock, Copeland, TN U of Tennessee 1.198 10 11.980 

& Craig (962) 

TOTAL n - 29 Unweighted .192· Weighted .154 

+ (hq:ared effi!ct sUJes with sbJlents of c1i.ffermt ti:dlity leIels 
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Table 78: Summary of Effect Sizes, 
Individualized Instructions VB. Lecture 

l!fIB:ts;". \i!i31t Pmb:t 
A1JIIIl! (Ilm!) SllllE RJU&m!I (d) (v) (.-I) 

Adams (1980) MN Mankaato Bt U .416 82 34.112 
Alexander (1978) AI. U of Alabama .271 54.5 14.770 
Anderson & NY Hamil ton-Kirkland .383 57.5 22.023 

Prichett (1977) 
Bea! (1978) KS Haske 11 Indisn JC .104 83.5 8.684 
Carr (1976) NC Sandhills CC .340 23 7.820 
Chen (1975) NY NYC ce, CUNY -.653 11 -7.183 
Edwards (1974) TN U of Tennessee .377 28 10.556 
Ewing (1973) on Ohio St, Mansfield .216 108 2].328 
Gindler (1977) CA San Diego St u .240 249.5 59.880 
Goodrich (1976) KS Kansas St College .159 53 10.070 
Herring (1975) TN Carson Newman CoIl -.330 22 -7.260 
Herring (975) TN Carson Newman ColI .127 15.5 1.969 
Jackson (978) TN U of Tennessee .911 38 34.618 
Kerrigan (976)+ PA West Chester St Coll.S7S 51 29.325 
Kontogianes (973) OK U of Oklahoma .589 21 12.369 
Liguori (1973) TX U of Texas/El Paso .270 40 10.800 
Maltbie et al (974) Ne North Carolina St .551 49.5 27.275 
Moore & Griffin(977) VA Danville cc .558 
Olsen (1974) CA Rio Hondo College .193 21.5 4.150 
Overbolzer (1979) OR Oregon State U -.161 91 -14.651 
Pascarella (977) NY Syracuse University .770 124 95.480 
Peluso & NY Hunter Coll, CUNY -.124 213.5 -26.474 

Baranchik (1977) 
Randall (1971) HI Oakland CC -.477 29 -13.833 
Rogers & Young (1977) NM New Mexico State .287 165.5 47.553 
Rousos (1979) OR Comm Tech call -1.087 24 -26.088 

U of Toledo 
Rubillo (1977) PA Bucks County CC .268 49 13.132 
Schaumberg (1972) CA Cerritos College .466 104.5 48.697 
Schoen (1974) VA VA Polytechnic .324 35 11.340 
Slate (1975)+ CA Bakersfield Coll -.469 60 -28.140 
Smith, J.E. (1976) OK Claremore JC .348 78 27.144 
Smith, T.R. (1983) PA Bucks County CC -.100 35 -3.500 
Stokes (1972) KY Western Kentucky .445 20 8.900 
Struik & F1exer(1977) CO U of Colorado .496 71 38.192 
Taylor (1971) MA U of Lowell .701 22 15.422 
Urbatach (1979) 10 U of Iowa .271 36 3.756 

(<lJ1I:UleI) 
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Van Dam (967) 
Wilson (1976) 
Zahroon (1971) 

NY Cortland Co11, CUNY .054 
CA Cerritos College -.023 

117 
250 
81.5 

6.318 
-5.750 
36.105 MN Moorhead St. Call .443 

TOTAL n = 38 Unweighted .160 Weighted .193 

Table 79: Summary of Effect. Sizes, 
Computer Based Instruct.ion va. Lecture 

Alderman (1978) AZ Phoenix College .404 376 151.904 
Alderman (1978) VA Northern Virginia CC .784 83 65.072 
Austin (983) 101. U of Florida .191 34.5 6.590 
DeBoer (1973)+ TN Vanderbilt U .133 22 2.926 
Diem (1982) FL Florida Atlantic U. -.829 12.5 -10.363 
Diem (1982) FL Florida Atlantic U. -.699 14 -9.786 
Diem (1982) FL Florida Atlantic U. -.081 14 -1.134 
Durgin (977) SD Black Hills St. Call -.174 39 -6.786 
Durgin (1977) SD Black Bills st. Call -.194 38 -7.372 
Moore, M.L. (981) OR Oregon State U -.005 44.5 -.223 
Murphy & Appel (1977) IL Illinois CCs .137 103 14.111 
Nuease (1975) WI U of Wisconsin -.507 29.5 -14.957 
Riedeael & PA Penn State .022 10 .220 

Suydam (1967) 
Shevokas (974) 
Skavaril (974) 
Wasserthe i1 (1969) 

FL Polk CC .686 14 
60 
13 

9.604 
9.420 
4.186 

OR Ohio State .157 
NY St U Coll--New Paltz .322 

TOTAL n = 16 Unweighted .022 Weighted .235 
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Table 80: SUIJIDl8ry of Effect Sizes, 
Laboratory/Discovery Methods va. Lecture 

Effu:t size ~ Pndrt 
AlJlHRO>\1El = RlI!ATI(N (d) (w) (wi) 

Archer (972)+ TN Tenn Wesleyan Coll -.318 12.5 3.975 
Archer (972)+ TN Tenn Wesle~1an Coll .464 13.5 6.264 
Austin (974) IN Purdue University .910 25 22.750 
Austin (974) IN Purdue University .781 24.5 19.130 
Brechting & MI Western Michigan U .551 23 12.679 

Hirsch (1977, 
Cantor (973) NY ColI of Arts snd -.151 57 -8.607 

Sciences, Cornell 
Caruso (1966) NY Nassau CC -.304 93 -28.272 
Drapac (1980) IA U of Iowa .735 35 25.725 
Espigh (974)+ VA Hampden-Sydney ColI .380 33 12.540 
Flexer (973) CO U of Colorado -.369 43 -15.867 
Golliday (1974) FL Santa Fe JC .427 25 10.675 
Golliday (974) FL Santa Fe JC .432 32.5 14.040 
Hanson (967) TN Southern Missionary .509 53.5 27.232 
Harris (979) A Private SW Liberal .136 23 3.128 

Arts College 
Loomer (976) WI Ripon College -.142 16 -3.456 
Mages (1975) CO Northern Colorado -.200 54 10.800 
Maynard (983) Ne Rotkinghsm CC .051 43.5 2.219 
McCreary (975) VA Virginia Union -.179 27 4.833 
McLeod & Adams(1980) CA San Diego State -.027 23.5 -.635 
Morris (1973)+ OK Cameron College -.120 27 -3.240 
Munyofu 0984} PA Allegheny County CC .432 44 19.008 
Pigford 0974} FL Florida St U .100 28.5 2.850 
Sheldon (1965)+ IL Millikin University .249 26 6.474 
Shevokas (1974) FL Polk County CC .963 16 15.408 
Smith, C.W. (1975) DL Delaware State Coll .882 27 23.814 
Smith, J.M. (1970) WV Shepherd College .563 12 6.756 
Smith, J .M. (1970) WV Shepl:lerd College .844 12 10.128 
Smith, J .M. (1970) WV Shepherd College -.151 57 -8.607 
Smith, M.L. (1975) LA Southern U. .135 21.5 2.903 
Snyder (1973) VA Eastern Mennonite -.565 19.5 -11.018 
Stock (971)+ OR Ohio State -.058 89.5 -5.191 
Warkentin (975) AZ Arizona State U -.280 173 -48.440 
Wiebe (1980) AZ Arizona State U .129 72.5 9.353 

TOTAL n = 33 Unweighted .245 Weighted .114 

+ Cl:n:p:Irei effect sizes with sllrlrts of different mrility :l.ewls 



Table 81: Summary of Effect Sizes, 
Instructional Television VS. Lecture 

Effect Si22 
AIJIKR (OOE) srA1E RlUATlJJI (d) 

Alexander (961) TN George Peabody -.064 
Backens (970) SO Black Hills St ColI -.350 
Blumberg (1978)+ KS Washburn Univ -.562 
Erickson et al(960) IL Chicago City JC .642 
Ewing (973) OR Ohio State U -.077 
King (1959) OR Ohio State U .187 
Landcaster & FA Penn State U -.192 

Erskin (1962) 
Lane (964) TN George Peabody -.223 
Rankowski (1975) A Private Urban U. .577 
Waits (970) OR Ohio State -.273 
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,.,;g,t Pmlrt 
(w) (wi) 

42 -2.560 
74.5 -20.075 

153 -85.986 
32.5 20.865 

453 -34.881 
166 31.042 
584.5-112.220 

30 -6.690 
52.5 30.293 

135.5 36.721 

TOTAL n = 10 Unweighted -.012 Weighted -.130 

+ Compared effect sizes with students of different ability levels 
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Table 82: Summary of Effect Sizes, 
Audio-Tutorial Instruction VB. Lecture 

Effa::t Size w.;,;,t Prob:t 
I<1IHR (OOE) SIlI1E l'!RlI<I'IIN (d) (w) (.0) 

Amthor (967) TX Texas A & M .532 50 26.600 
Amthor (967)+ WI Stout St U -.430 63 -27.090 
Bannister (970) CA Mt. Jacinto Coll .683 26 17.758 
Batker (971)+ WA Pacific Lutheran .180 19 3.420 
Chinn (1973) FL Broward CC .395 93 36.735 
Clucas (1972)+ CA Fullerton Je, .270 341.5 92.205 

Orange Coast, Cypress 
Cunningham (973) AZ Mesa CC .205 24 4.920 
Emery (1970) HI Schoolcraft CoIl .538 38.5 20.713 
Lange (1966) HI Delta College .462 16.5 7.623 
MeCage (970) TX Texas A & M .126 181 22.806 
McMillan (1971) OK Oklahoma Christian .244 54 14.372 
Hedley(1975) TN Belmont Coll .439 15 6.585 
Millsaps (975) TN Cleveland St cc .295 39.5 11.653 
Moore & VA Danville CC -.067 

Griffin (1977) 
Moore, W.E. (1975)+ TX U of Texas--Austin .290 32 9.280 
Morman (1971) TX San Jacinto CoIl .047 130.5 6.134 
Peluso & NY Hunter College, CUNY .156 215.5 33.618 

Baranchek (1977) 
Phillips 0980 llY Kingsborougb CC,CUNY .625 50 31.250 
Phillips & Utz(l973) NY Kingsborough CC,CUNY .903 28 25.280 
Rose (1976) NV U of Nevada .065 92 5.980 

UT Dixie College 
Simpson (974) TN Memphis St U .313 27 8.451 
Thatcher (1972) TX El Paso CC .072 26.5 1.908 
Thatcher (972) TX El Paso CC -.llO 27 -2.970 

TOTAL n = 23 Unweighted .279 Weighted .229 

+ Qnpm:!d effect si2es wi.th ab.d:ms of di.ffEtmt ability leo.els 



Pmb:t 
&JIIlR Cl>!JE) 

Carman (1975) 
Carman (1975) 

Table 83: Summary of Effect Sizes, 
Tutoring va. Lectures 

SIl'<IE RlUAl'JlN (d) 

CA Santa Barbara City C .328 
CA Santa Barbara City C .642 

Delventhal (1982) A Southern New .005 
England se Call 

Douthitt (1971) TX U of Houston 1.438 
Lieblich(1976) NY Bronx CC .670 
Weber (1970) MD U of Maryland -.087 
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(w) (,.d) 

55 18.040 
52.5 33.705 

104.5 .523 

55.5 79.809 
62 41.540 
46.5 -4.046 

TOTAL n = 6 Unweigbted .499 Weighted .452 

Table 84; Summary of Effect Sizes, 
Use of Programmed VB. Conventional Textbook 

EffiectSi2e lei!td: _ 
(d) (w) (,.d) 

In Lecture Classes 
Bartz & Darby(I966) IN Purdue University -.240 
Epting (1971) FL St. John's River JC .203 
Lisl (1970) CA American River Coll .367 
Reed (1971)+ KS Mississippi St U .001 

31 -7.440 
22 4.466 

114.5 42.022 
98 .098 

TOTAL n = 4 Unweighted .093 Weighted .147 

In Individualized Instruction 
Bloomberg (1971) MD Essex County CC 
Whitlock, Copeland, TN U of Tennessee 

& Craig (1962) 

TOTAL n" 2 Unweighted .040 

-.113 
.193 

63 -7.119 
9.5 .098 

Weighted -.085 
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GENERAL: Study # 
Author 
Population 
Date of Publication 
Source: 1 - Journa 1 
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VARIABLES 

3 - Report, ERIC 
2 - Dissertation 

Date of Study 
4 - Dissertation & Journal 

INSTRUCTION: 

5 Course: 1 - Basic/Arith 10 - Statistics 
2 - Algebra I 11 - Probability 
3 - Algebra II 12 - Statistics & Probability 
4 - College Algebra 13 - Differential Equations 
5 - Trigonometry 14 - Precalculus Combination 
6 - College Algebra & Trig 
7 - Calculus--Brief 15 - Foundations/Elem Tchr 
8 - Calculus--Regular 16 - Business Math 
9 - Fini te Hath 17 - Other 

6 Level: 1 - Remedial 2 - College 

7 Institution: 1 - Two-year college 2 - Four-year Institution 

8 Duration: 

Method: 

1 - <= 8 weeks 
2 - :> 8 weeks & <= semester 

o - Lecture 
1 - PrograllDlled Instruction 
2 - Individualized Instruction 
3 - Computer Based Instruction 

3 - > semester 

4 - Laboratory and Discovery Instruction 
5 - Television Instruction 
6 - Audio-Tutorial Instruction 
7 - Tutoring 
aO - Comparison of method a and lecture method 
ab - Combination of methods a and b, 

no lecture control 
a.bc - All '!IIi'!thod a, comparing b versus c 

10 Comprehensiveness: 1 - Supplementary: less than 1/3 time 
2 - Supplementary: 1/3 to 2/3 time 
3 - Comprehensive: total/almost total time 

:# Sections: 11 Exp. _ 12 Con. 13 Total 

# Students: 14 Exp. _ 15 Con. 16 Total 

17 Testing: 1 - IllDllediate 2 - Retention 



METHODOLOGY: Controls for: 

18 Assignment: 1 - Random 
2 - Matched Groups 
3 - Intact Groups 
4 - Not reported 
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19 Instructor: 1 - Same or more than one with both groups 
2 - Not reported 
3 - Different 

20 AVERAGE ___ _ 

Test Bias: 1- Commercial 2- Not reported 3- Local 

Field Tested: 1- Yes 2- Not reported 3- No 

Reseacher: 1- Not teaching 2- Not reported 3- Teaching 

Time on Task: 1- Exp '" Con 2- Not reported 3- E <> C 

History: 1- Concurrent 2- Not reported 3- Not Concurrent 

Scoring: 1- Objective 2- Not reported 3- Subjective 

GENERAL 

30 Outcomes: 1- Final Score 2- Course Grade 3- Future Success 

31 d = 

32 Statistic: 1 - x,s 
2 - t 
3 - ANOVA 
4 - ANCOVA 

33 Other 1 - Contract 
Feature 2 - Ability levels 

3 - Sma 11 Group Work 
4 - Mastery 
5 - Class Size 

34 Experimental 1 - Pre-Experimental 
Design 2 - Quasi-Experimental 

35 sd 
e = 36 ad = c __ 

37 df =-- 38 d = g --- 39 

40 d 
r = 41 42 

5 - Proportions 
6 - Significance Level 
7 - Non-Parametric 
8 - Other 

6 - Effect of Tutors 
7 - Special Population 
8 - Progranme.d Materials 
9 - A-V resources 

3 - True Experimental 
4 - Not Clear 

d fc "'--

wd = 
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P.I. VARIABLES 

21 Type Program: 1 - Linear 2 - Scrambled 3 - Other 

22 Small Units: 1 - Yes 2 - No 

23 Delivery: 1 - Book 2 - Machine 3 - Other 

24 Sessions: 1 - Individual 2 - Small Group 3 - Full Class 

25 Mastery: 1 - Yes 2 - No 

26 Tutoring: 1 - Yes 2 - No 

27 Lectures: 1 - Regularly 2 - Sometimes 3 - None 

28 Pretesting: 1 - Commercial 2 - None 3 - Local 

29 Materials: 1 - Commercial 2 - Local 

1.1. VARIABLES 

21 Objectives: 1 - Yes 2 - No 

22 Small Units: 1 - Yes 2 - No 

23 Guide/Asgnmt: 1 - Yes 2 - No 

24 Pacing: 1 - Self 2 - Forced 

25 Mastery: 1 - Yes 2 - No 

26 Tutoring: 1 - Instructor 2 - Para-professional 3 - Peer 

27 Lectures: 1 - Regularly 2 - Sometimes 3 - None 

28 Pretesting: 1 - Commercial 2 - None 3 - Local 

29 eMI: 1 - Yes 2 - No 

CHI VARIABLES 

21 Mode: 1 - Drill/Practice 2 - Tutorial 3 - Dialogue 

22 Programs: 1 - Connnercial 2 - Locally Prepared 

23 Proce8SS: 1 - Time sharing 2 - Batch 3 - Microcomputers 

24 Use: 

25 Mastery: 

1 - Homework 
3 - Games 

1 - Yes 

2 - Class Presentation 
4 - Simulation 

2 - No 
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CBI VARIABLES--Continued 

26 Tutoring: 1 - Instt'uctor 2 - Para-professional 3 - Peer 

27 Lectures: 1· Regularly 2 - Sometimes 3 - None 

28 Pretesting: 1 - Commercial 2 - Xone 3 - Local 

29 eMI: 1 - Yes 2 - No 

LABS/DISCOVERY VARIABLES 

21 Mode: 1 - Teacher Deroos 

22 Materia Is: 1 - Commercia 1 

23 Abstraction 
Level: 

24 Manipulative 

1 - SymbcHc 

Use: 1 - Regularly 

25 Mastery: 1 - Yes 

26 Tutoring: 1 - Instructor 

2 - Student Exper iments 

2 - Local 

2 - Pictorial 3 - Hanipulative 

2 - Some 3 - Seldom 4 - None 

2 - No 

2 - Para-professional 3 - Peer 

27 comparison: 1 - Discovery/Expository 2 - Concrete/Abstract 

28 Pretesting: 1 - Couunercial 2 - None 3 - Local 

29 eMI: 1 - Yes 2 - No 

TV VARIABLES 

21 Type of 1 - C.C. Large Screen 2 - C.C. < = 25" 
4 - Open Circuit Projection: 3 - C.C. Individual 

22 Programs: 1 - Commercial 2 • Local 

23 Followup: 1 • Traditional Assignment 2 - P.I. Assignment 
3 • A-V Assignment 4, - Tutoring/Individual 
5 - Other or group 

24 Group Size: 1 - > 100 2 - 35·100 3 - < 35 4 - Individual 

25 Mastery: 1 - Yes 2 - No 

26 Tutoring: 1 - Instructor 2 - Para-professional 3 - Peer 

27 Study Guide: 1 - Comprehensive 2 • Moderate 3 - None 
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TV VAllIABLES--Colltinued 

28 Pretesting: 1 .. Commercial 2 .. None 3 .. Loeal 

29 Visuals: 1 .. Yes 2 .. Some 3 .. None 

A-T VARIABLES 

21 Group Size: 1 .. Individual 2. w ..: 10 3 - > 10 

22 Materials: 1 .. Commercia 1 2 .. Local 

23 Objectives! 
Study Guide! 1 .. Yes 2 .. No 
Ass ignments 

24 Supplements: 1 .. Commercia 1 2 .. Loeal 3 ... None 

25 Mastery: 1 .. Yes 2 .. No 

26 Tutoring: 1 .. Instructor 2 .. Para-professional 3 .. Peer 

27 Pacing: 1 .. Self 2 .. Forced 

28 Pretesting: 1 .. Commercia 1 2 .. None 3 .. Local 

29 Visuals: 1 .. Yes 2 .. Some 3 .. None 

TUTORING VARIABLES 

21 Type of Tutor: 1 .. Instructor 2 .. Para- 3 .. Peer 
professional 

22 Tutor Training: 1 ... Extensive 2 .. Brief 3 .. none 

23 Group Size: 1 .. Individual 2-2toS 3 - > 5 

24 Study Guide: .. Extensive 2 .. Brief 3 .. None 

25 Mastery: .. Yes 2 .. No 

26 Comprehensiveness: 1 .. Total 2 ... Supplemental 

27 Lectures: 1 .. Regular 2 .. Occasional 3 - None 

28 Pretesting: I - Commercial 2 - Rone 3 - Local 

29 Materials: 1 - Commercial 2 - Local 



PROGRAMMED INSTRUCTION VARIABLES--CODING SHEET 

GENERAL: 1 # 
Author .,.-, _________________ _ 

~opul;:!~no."f--;p"""u."b1'"'i,.,c."at:;i,.,on::-------------

~ ;~~~c~f'---..St:::u"'dY::-_-~~~== 
INSTRUCTION: 

~ ~::~~~: ::~~::::::::::::::= 
7 Institution: 
8 Duration: 
9 Method: ";;;,;:;;;=== 

10 ComprehensLveness: 
# Sections: 11 Exp. -- 12 Con. 
# Students: 14 Exp. -- 15 Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment: __ _ 

20 ~::~r~~~~~: ~~========== Field tested: 
Reseacher Involvement: 

Time on T~'~k~'====== History: 
Scoring: 

PROGRAMMED INSTRUCTION VARIABLES 
21 Type Program: 

22 Small units",-===== 23 Delivery: _ 

~~ ~::~!~~~:--:: -:: -:: -:: -:: -:: -:: -:::-:: 
26 Tutoring:. 
27 Lectures: 

28 Pretesting:' ~==== 29 Materials:. 

GENERAL 

30 Outc:e~.~,=~==== 31 d-
32 Statistic: 
33 Other Feature: 
34 Experimental De~ 
35 sde = 36 s~= __ 

38 dg = __ 

41 

13 Total 
16 Total 

19 AVERAGE: 

39 dfc = __ 

42 wd = 

254 



INDIVIDUALIZED INSTRUCTION VARIABLES--CODING SJlEET 

GENERAL: 1 # 
Author ;-:-::-_________________ _ 

~opul:~!~n o'f.P;::u"'bl"i-=ca"'t"i-=on::-------------
! ~:~:C:f"S'"'t"'ud"'Y:-_-_-::::::: 

INSTRUCTION: 

~ ~~::~~; ::~;::::::::::::::= 
7 InstitutIon: 
8 Duration: 
9 Method: :~;;~:;:::== 

10 Comprehensiveness: 
# SectioRs: 11 Exp. -- 12 Con. 
I Students: 14 Exp. -- 15 Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment: 
20 Instructor: ---

Test Bias: ------

:!:!:c~:~t;:~o"lv=e=me=n::t"":--

Time on T~as~k~:====== History: 
Scoring: 

INDIVIDUALIZED INSTRUCTION VARIABLES 
21 Course Objectives: 
22 Small units: --

23 Study Guide: ==== 
24 Pacing: l~~~~~~ 25 Mastery: 
26 Tutoring: 
27 Lectures: 
28 Pretesting: 
29 CHI Used: ____ _ 

GENERAL 
30 Outcomes: 
31 d' 
32 Statistic: 
33 Other Feature: 
34 Experimental Design: 
35 ade = 36 ad;'" = __ 

38 d • 
g --

41 w-

13 Total 
16 Total 

19 AvgRAGE: 

39 

42 wd· 

255 



COMPUTER BASED INSTRUCTION VARIABLES--CODING SHEET 

GENERAL: 1 ~ 

Author .~~:;:~;:;::;:;:;:;::;:;:============::: Population 
2 Date of Publication 
3 Source .--=:--. ___ _ 
4 Date of Study __ _ 

INSTRUCTION: 

~ ~~~:~~: ;~~:::::::::::::::::::::= 
7 Institution: 

~ ~~~:~!~n: ____ _ 
10 Comprehens1veness: 
# Sections: 11 Exp. -- 12 Con. 
ff Students: 14 Exp. -- 15 Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment: __ _ 

20 ~::~r~~~~~: _____ _ 
i!:!!c~::t~:~O"'lv:::e-=me=n:-;:t:-: -
~~:~o~;: Task: -----
Scoring: ______ _ 

COMPUTER BASED INSTRUCTION VARIABLES 

21 Mode: ':f'===== 22 Programs: 
23 Process: 

24 Use: .~~======= 25 Mastery: 
26 Tutoring: 

~~ ;;:~~~~~~g:-: -----
29 CHI Used: ____ _ 

GENERAL 
30 Outcomes: 
31 d = 
32 Statistic: 
33 Other Feature: 
34 Experimental Design: _ 
35 sde = 36 sdc = __ 

38 d = 
g --

41 w = 

13 Total 
16 Total 

19 AVERAGE: 

39 

42 wd = 

256 



LABS/DISCOVERY INSTRUCTION VARIABLES--CODING SHEET 

GENERAL: 1 # 

::::~:t"'io-n------------------
2 Date of Publication 
3 Source .-=:,....,. ___ _ 
4 Date of Study __ _ 

INSTRUCTION: 

~ ~;~~~: ------
7 Institution: 
8 Duration: 
9 Method: ~;:;;:;~== 

10 Comprehensiveness: 
I Sections: 11 Exp. -- 12 Con. 
I Students: 14 Expo -- 15 Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment: 

20 ~::~~~::~: ~~=~~~=;-;:;;;==== Field tested: 
Reseacher Involvement: 
Time on Task: _____ _ 

History: -======= Scoring: _ 

LABS/DISCOVERY INSTRUCTION VARIABLES 

~~ :::;ia."I".-:-:-----
23 Abstractiion Level: 
24 Manipulative Use: --
25 Mastery: --

~~ i;::r!~g~omp=.c:r-;:i.'"'o::-n ::--_ -_-
~: ~~t~:!!~g: ____ _ 

GENERAL 
30 Outeomes: 
31 d-
32 Stati:;;.~ti~c~:=~=== 
33 Other Feature: 
34 Experimental Design: 
3S sde ~ 36 ad;'"= __ 

38 d = g --

41 w co 

13 Total 
16 Total 

19 AVERAGE: 

39 

42 wd" 

257 



TELEVISION INSTRUCTION VARIABLES--CODING SHEET 

GENERAL: 1 # 

Author .~>:;:::;;::;;;:;::;:;;:;============= popula~~on 
2 Date of Publication 

~ ~~~:C~f'-S"t:::U::;:dY::-_-_-~~~~ 
INSTRUCTION: 

~ ~~~~~~: ------
7 Institution: 

~ ~~~~~~~n: ____ _ 

10 Comprehensiveness: 
# Sections: 11 Exp. -- 12 Con. 
g Students: 14 Exp. -- 15 Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment; 
20 Instructor: ---

Test Bias: ------

i!:!:c~:;t~:~o"lv:::e=""=n:::t:-: --

TV INSTRUCTIONAL VARIABLES 
21 Type Projection: __ _ 

22 programs::~~~~~~ 23 Followup: 
24 Group Size: 
25 Mastery: 
26 Tutoring: 

;~ ;~~~~s;~!:;: ----
29 Visuals: _____ _ 

GENERAL 

30 Outco;~s~:~~==== 31 d' 
32 Statistic: 
33 Other Feature: 
34 Experimental Design: _ 
35 sde "" 36 sdc "" __ 

38 d 3 

g --

41 w = 

13 Total 
16 Total 

19 AVERAGE: 

39 

42 wd:::: 

258 



AUDIO-TUTORIAL INSTRUCTION VARIABLES .... CODING SHEET 
~~: 1# 

Author 

populatTio~n;::;::;;;;;::;:;:;;:::============ 
2 D~~~ of Publication 

~ ~:~C:f"S"t:::ud:;:Y::-_-_-~~::: 
INSTRUCTION: 

~ ~:::~~: ------
7 Institution: : ~:~:~!~n: ____ _ 

10 Comprehensiveness: __ 
# Sections: 11 Exp. 12 Con. 
I Students: 14 Exp. -- IS Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment: 
20 Instructor: ---

Test Bias: ~~~;;;;;=== Field tested: 
Reseacber Involvement: 

Time on T.~.~k~:=====: History: 
Scoring: 

A-T INSTRUCTIONAL VARIABLES 

~~ :~:~~~:~: -----
23 Guide/Assignments: 
24 Supplements: --

25 Kastery: -====== 26 Tutoring:. 

~~ :~~!::~i"'ng:-::'-----
29 Visuals: _____ _ 

GE~RAL 
30 Outcomes: 
31 d-
32 Statistic: 
33 Other Feature: 
34 Ezperimental Design: 
35 8de .. 36 8~- __ 

38 

41 

d ~ 
g --

13 Total 
16 Total 

19 AVERAGE: 

39 

42 wd "" 

259 



TUTORING VARIABLES--CODING SHEET 
GENERAL: 1 # 

Author 

POPulatTio~n~:;;=';;::::;:;:;;:============ 
2 D~;e of Publication 

~ ~~~:C:f'''''S''t:::U:r.dY::-_-~~::::= 
INSTRUCTION: 

~ ~:~:~~: =;;======== 
7 Institutron: 

~ ~~~~~~~n; ____ _ 

10 Comprehens iveness: 
ffo Sections: 11 Exp. -- 12 Con. 
ffo Students: 14 Exp. -- 15 Con. 
17 Testing: --

METHODOLOGY: Controls for: 
18 Assignment: 

20 ~;:~r~~~:~: ===::= ___ _ 
i!:!:c~:~t~:~o"lv::e=me::n:::t-:-: -
~~:~o~;: Task: -----
Scoring: ______ _ 

TUTORING VARIABLES 
21 Type of Tutor: __ _ 
22 Tutor Training: 
23 Group Size: ---

24 Study GUiud,e~:~;;~== 
25 Mastery ::-: 
26 Comprehem.iveness: __ 

~~ ~~~~~~~~~g-: -----
29 Materials: ____ _ 

GENERAL 
30 Outcomes: 
31 d = 
32 Statistic: 
33 Other Feature: 
34 Experimental Design: _ 
35 8de = 36 8dc = __ 

37 

40 

df '-

d • 
r 

38 d = g --

41 

13 Total 
16 Total 

19 AVERAGE: 

39 

42 wd = 

260 
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Table 85: Unweighted Effect Sizes, P.I. va. Lecture 

~ 
S.D. %ile n Mean S.E. 

E:E:fEct sUe 

OVerall 26 .192 .337 .066 2.91** 57.6 

Final Exam 24 .221 .336 .069 3.20*** 58.8 

Course Grades 3 .203 .053 .050 4.06*** 58.1 

Future Success -.237 .258 .U5 -2.06* 40.6 

Retention .153 .378 .189 .81 56.1 

*p<.05 *"p <.01 *kkp< .an 

Table 86: Unweighted Effect Sizes, P.I. versus Lecture, 
Remedial VB. College Level 

~ 
n Mean S.D. S.E. %ile 

Effir.t sire 

Remedial Level 

Overall 13 .125 .268 .074 .16 55.0 

Final Exam U .135 .301 .091 1.48 55.4 

Course Grades .180 .037 .026 6.92*** 57.1 

Future Success -.299 .054 .038 7.67*** 38.2 

Retention -.263 .064 .045 5.84*** 41.4 

College Level 

Overall 15 .233 .374 .097 2.40* 60.4 

Final Exam 15 .267 .342 ;088 3.03** 60.5 

Course Grades 1 .251 01 59.9 

Future Success -.196 .353 .204 .96 42.2 

Retention .276 .351 .203 1.36 60.9 

*p <.05 -kkp< .01 *ldrp < .001 
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Table 87: Unweighted Effect Sizes, P.I. versus Lecture, 
Two-Year VB. Four Year Institutions 

~ 
Mean S.D. S,E. %i1e 

Effa:t size 

Two Year 

OVerall 11 .027 .292 .088 .31 51.1 

Final Exam .036 .339 .113 2.76** 51.4 

Course Grades .209 0 58.3 

Future Success -.299 .054 .038 7.87*** 38.2 

Retention -.166 .174 .100 1.66 43.4 

~ 
Overall 18 .278 .309 .073 3.81*** (.J.,O 

Final Exam 18 .298 .278 .066 4.52*** 61. 7 

Course Grades .201 .069 .049 4.10*** 58.0 

Future Success -.196 .353 .204 -.96 42.2 

Retention .400 .392 .277 1.44 65.5 

*p < .05 tip <.01 ***p < .(Xn 
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Table 8S: Unweighted Effect Sizes, P.I. versus Lecture, 
Duration of Experiment 

~ 
Mean S.D. S.E. %ile 

Effect sUe 

Less than 8 Weeks 

Overall 12 .213 .194 .056 3.80*** 58.4 

Final Exam 12 .220 .173 .050 4.40*** 58.7 

Course Grades 

Future Success .138 55.5 

Retention .130 .409 .205 .63 55.2 

8 Weeks to a Semester 

Overall 17 .161 .393 .095 1.69 56.4 

Fins 1 Exam 15 .203 .407 .105 1.93 58.1 

Course Grades 3 .203 .053 .031 6.55*** 58.1 

Future Success -.331 .172 .086 3.85*** 37.0 

Retention -.218 31.4 

*p < .OS *"'p<.01 *ldrp < .(Dl 

Table 89: Unweighted Effect Sizes, P.I. versus Lecture, 
Comprehensiveness+ of P.I. 

~ 
Mean S.D. S.E. %ile 

Effect sUe 

Less than 1/3 .386 .160 .113 2.41* 65.0 

1/3 to 2/3 .128 .115 .081 1.58 55.1 

More than 2/3 25 .171 .340 .068 2.51* 56.8 

+ Prqxrticn of Classtiae &Iote1 to P.I. 
*p < .05 **'p <.01 tikp < .Clll 
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Table 90: Unweighted Effect Sizes, P.I. versus Lecture, 
Study Quality and Control for Teacher Effect 

theiguJod 

~'!ue S.D. S.E • %i1e 

Higher Quali ty 11 • 084 .317 .096 .88 53.4 

Middle Quality .207 .154 .054 3.83- 58.2 

Lower Quali ty 10 .271 .414 .131 2.07* 60.7 

Same Teacher .165 .207 .073 2.26* 56.6 

Different .177 .375 .188 .94 57.0 
Teachers 

*p<.05 Mp< .01 1dtkp < .001 

Table 91: Unweighted Effect Sizes, P.I. versus Lecture, 
Time Periods: 1961-1965, 1966-1973, 1974-1985, 

Source of Study 

theiguJod 
Mean S.D. S.E. %ile 

Effect size 

1961-1965 10 .265 .397 .125 2.12* 60.1 

1966-1973 10 .223 .308 .097 2.30* 58.8 

1974-1985 9 .045 .218 .073 .03 51.8 

Journals .250 .444 .157 1.59 59.9 

Dissertations 19 .165 .254 .058 2.84 56.6 

Reports .068 .287 .128 .53 52.7 

*p < .(6 'lililip < .01 -p<.Wi 
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Table 92: Unweighted Effect Sizes, P.I. versus Lecture, 
Preparation and Type of Prograumed Materials 

tbeig1tsd 

d:'!ue S.D. S.E • %ile 

Commercial 22 • 193 .343 .073 2.40** 57.7 

Local 10 .186 .180 .057 3.21** 57.4 

Linear 13 .134 .253 .070 1.05 57.6 

Scrambled-Book 4 .207 .170 .085 2.41* 58.2 

Table 93: Unweighted Effect Sizes, 1.1. versus Lecture 

tbeig1tsd 
Mean S.D. S.E. %i1e 

EffB::t sUe 

Overall 39 .170 .450 .072 2.36* 56.8 

Final Exam 36 .119 .555 .092 1.29 54.7 

Course Grades .008 .654 .218 .04 50.1 

Future Success .763 .440 .220 3.47*** 17.8 

Retention .785 .302 .214 3.67*** 78.4 

*p<.05 Mp<.Ol '***p< .ooJ. 
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Table 94: Unweighted Effect Sizes, 1.1. versus Lecture, 
Remedial VB. College Leve 1, 

Two Year VB. Four Year Institutions 

1beiIJltel 
Mean S.D. S.E. %ile 

Effect size 

Remedial Level 

Overall 16 .012 .535 .134 .09 50.5 

Final Exam 15 -.142 .673 .174 .82 44.3 

Collese Level 

Overall 22 .299 .349 .074 4.04*** 61.8 

Final Exam 21 .306 .366 .080 3.83*** 62.0 

~ 
OVerall 13 -.160 .546 .151 1.06 43.6 

Final Exam 13 -.253 .692 .192 1.32 40.0 

Four Year 

Overall 25 .330 .287 .057 5.79*** 63.0 

Final Exam 23 .330 .316 .066 5.00*** 62.9 

*p<.05 **p<.01 *kkp < .001 
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Table 95: Unweigbted Effect Sizes, t.1. versus Lecture, 
Duration of Experiment, 

Comprebensiveness+ of 1.1. 

~ 
S.D. S.E. %ile n Mean 

Effect 8UJe. 

Less than 8 Weeks .235 .448 .200 1.18 59.3 

8 WeeKS to one 33 .144 .454 .079 1.82 55.7 
Semester 

Longer than one .701 75.8 
Semester 

Lees than 1/3 .324 62.7 

1/3 to 2/3 .193 57.7 

More- tho 2/3 36 .157 .466 .078 2.01* 58.6 

+ Ptqxrtim of Classtin:e &Iote::I to 1.1. 
"1>< .(1; **p< .Gl *'*p < .au 

Table 96: Unweighted Effect Sizes, 1.1. versus Lecture, 
Study Quality and Control for Teacher Effect 

~ 
S.D. S.E. Ule n Mean 

Effect size 

Higher Quali ty 14 .007 .572 .153 .05 50.3 

Middle Quali ty 12 .198 .400 .116 1.71 57.8 

Lower Quali ty 13 .320 .291 .081 3.95*** 62.6 

Same Teacher 16 -.103 .537 .134 .77 45.9 

Different 12 .418 .266 .077 5.43 66.2 
Teachers 

*p<.05 Mp<.Ol 'ldtJcp < .001 
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Table 97: Unweighted Effect Sizes, 1.1. versus Lecture, 
Time Periods: 1967-74, 1975-76, 1977, 1978-83, 

Source of Study 

~ 
S.D. S.E. %i1e n Mean 

Ef:fB:t sUe 

1967-1974 12 .288 .287 .083 3.47- 62.2 

1975-1976 9 .008 .413 .138 .06 50.3 

1977 .397 .272 .090 4.41- 65.4 

1978-1983 -.051 .665 .221 -.23 48.0 

Journals .303 .266 .119 2.55* 59.6 

Dissertations 27 .064 .484 .093 .69 52.6 

Reports .486 .203 .077 6.31** 68.7 

*p <.(5 **p< .01 oJtitIt:p<.OOl 

Table 98: Unweighted Effect Sizes, 1.1. versus Lecture, 
Instructional Variables 

~ tbJeig>tsI 
n lIOan Mean 

EflEct si2e _SUe 

Mastery Lectures (Su:2!lementaE,I) 

Yes 33 .178 Regular .324 

None or .127 Occasional 14 .129 
Not Reported 

None 19 .191 

Pacing Stud! Guides 

Self 22 .338 Yes 27 .246 

Forced 5 -.004 No or Not 12 -.001 

Not reported -.139 
R.eported 

Tutoring 

Instructor Only 12 .153 

Any Tutoring 34 .153 
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Table 99: Unweighted Effect Sizes, CAl va. Lecture 

~ 
S.D. S.E. Zile n Mean 

EffiectsUJe 

Overall 16 .022 .443 .111 .20 50.8 

Final Exam 14 .018 .442 .111 .16 50.7 

Course Grades .253 0 60.0 

.... uture Success 

Retention 

+ n is the: IUIber of stu:ties 
*p<.05 "*p<.01 ""p<.001 

Table 100: Unweigbted Effect Sizes, CAl versus Lecture, 
Remedial VS. College Level, 

Two Year VB. Four Year Institutions 

~ 
S.D. S.E. Z:ile n Mean 

EffB:t aim 

Remedial Level 

Overall .093 .139 .098 .95 53.7 

Final Exam .062 .093 .066 .94 52.5 

College Level 

Overall 14 .011 .474 .127 .09 50.4 

Final Exam 14 .011 .474 .127 .09 50.4 

~ 
Overall 4 .507 .292 .146 3.47*** 62.1 

Final Exam 4 .507 .292 .146 3.47*** 62.1 

~ 
OVerall 12 -.139 .364 .105 1.32 44.5 

Final Exam 12 -.144 .359 .104 1.38 44.3 

*p<Jli *"p<.Ol Mlrp <.an 
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Table 101: Unweigbted Effect Sizes, CAl versus Lecture, 
Duration of Experiment, 

Comprehensiveness+ of CAl 

~ 
Mean S.D. S.E. %ile 

EffiIct size 

Less than 8 Weeks -.178 .536 .203 -.88 42.9 

8 Weeks - Semes ter .177 .302 .101 1.75 57.0 

Less than 1/3 .022 .443 .111 .20 50.9 

1/3 to 2/3 -.150 .614 .307 -.49 44.0 

More than 2/3 .124 .490 .185 .67 54.9 

+ Ptqmtim of Classt:ine c1eM:te1 to Q\L 

*p<.05 "'p < .01 Mlrp < .em 

Table 102: Unweighted Effect Sizes, CAl versus Lecture, 
Study Quali ty and Control for Teacher Effect 

~ 
S.D. S.E. %ile n Mean 

Effect sUs 

Higher Quality -.096 .556 .197 -.49 46.2 

Lower Quali ty .140 .284 .100 1.40 55.7 

Same Teacher .115 .361 .136 .85 54.6 

Different .113 .568 .215 .53 54.5 
Teachers 

*p< .os "*p <.01 *'*p <.001 
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Table 103: Unweighted Effect Sizes, CAl versus Lecture, 
Time Periods: 1967-1977, 1978-1983, 

Source of Study 

1beigIIBI 
n Mean S.D. S.E. %ile 

Eff.ectsUs 

1967-1977 .065 .340 .113 .58 52.6 

1978-1983 -.034 .576 .218 -.16 48.6 

Journals .167 .150 .087 1.92 56.6 

Dissertations 10 -.148 .449 .142 1.04 44.1 

Reports .442 .324 .187 2.36* 67.1 

*p<.05 .p< .01 1tirkp<.001 

Table 104: Unweighted Effect Sizes, CAl versus Lecture, 
Preparation of Programs 

1beig>tsl 
n Mean S.D. S.E. XUe 

EffEct sUe 

Commercial .328 .301 .135 2.43** 56.8 

Local 11 -.118 .436 .131 .90 45.3 

*p <.(fj tip <..Dl ***p <..001 
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Table 105: Unweighted Effect Sizes, CAl versus Lecture, 
Mode, Process and Use of CAl 

n~ %i1e 
Effect aim 

Mode of CAl 

Drill .009 50.4 

Tutorial .099 54.0 

Dialogue 

Means of ComE;uter Access 

Time Shar ing .111 54.4 

Batch .215 58.5 

Micros -.536 29.6 

PurE;ose of CAl 

Homework .070 52.8 

Games -.005 49.8 

Class 
Presentation 

Simulations .686 75.4 

Table 106: Unweighted Effect Sizes, Lab Va .. Lecture 

~ 
S.D. S.E. %ile n Mean 

EffEct aim 

Overall 34 .245 .429 .074 3.31*** 59.7 

Final Exam 33 .207 .498 .087 2.38* 58.2 

Course Grades -.179 42.9 

Future Success 0 

Retention 15 .247 .431 .111 2.23* 59.8 

*p<.05 tip<.01 *ldrp < .CXll 
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Table 107: Unweighted Effect Sizes, Lab versus Lecture, 
Remedial va. College Level, 

Two Year V8. Four Year Institutions 

1boI!ilId:ed 
S.D. S.E. %ile n Mean 

Effittsioo 

Remedial Level 

Overall .235 .355 .159 3.98*** 59.3 

Final Exam .265 .397 .199 1.33 60.5 

College Level 

Overall 27 .271 .449 .086 3.15** 60.7 

Final Exam 27 .218 .527 .086 2.53* 58.6 

~ 
Overall .488 .297 .121 4.03- 68.8 

Final Exam .487 .299 .122 3.99*** 68.7 

~ 
Overall 27 .211 .437 .084 2.51* 58.4 

Final Exam 26 .160 .520 .102 1.57 56.4 

*p<.05 **p<.01 1ddtp<.001 
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Table 108: Unweighted Effect Sizes, Lab versus Lecture, 
Duration of Experiment, 

Comprehensiveness+ of Lab 

~ 
Mean S.D. 

Less than 
8 Weeks 26 

8 Weeks to 
a Semester 

Less than 1/3 

113 to 213 

More than 2/3 22 

Effect sim 

.291 

.096 

.590 

.336 

.229 

+ PIqmtim of ClasstiIIe dMlted to P.I. 
*p<.05 **p<.Ol *"*p<.cm 

.400 

.515 

.223 

.451 

.421 

S.E. %ile 

.078 3.73*** 61.5 

.182 .53 53.8 

.158 3.73*** 71.9 

.159 2.11* 63.2 

.090 2.54* 59.1 

Table 109: Unweighted Effect Sizes, Lab versus Lecture, 
Study Quality and Control for Teacher Effect 

~ 
Mean S.D. S.E. tile 

~tsize 

Higher Quality .289 .450 .170 1. 70 62.3 

Middle Quality 12 .119 .369 .119 1.00 54.7 

Lower Quali ty 15 .324 .469 .120 2.70** 62.7 

Same Teacher 19 .184 .457 .105 1.75 57.3 

Different 9 .395 .433 .144 2.74** 65.4 
Teachers 

*p<.05 **p<.Ol 'kkkp< .(m 

--------_. ----
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Table 110: Unweighted Effect Sizes, Lab versus Lecture, 
Time Periods: 1961-1972, 1973-1974, 1975-1984, 

Source of Study 

~ 
Mean S.D. S.E. %ile 

Eff'Ect8~ 

19b1-1972 10 .332 .422 .134 2.48* 63.0 

1973-1974 10 .253 .517 .155 1.63 60.0 

1975-1984 13 .171 .371 .103 .69 56.8 

Journals .242 .510 .193 1.25 59.4 

Dissertations 2. .224 .425 .080 2.80** 58.9 

Reports 

*p<.05 ""*p <.01 *"*p<.OOl 

Table 111: Unweighted Effect Sizes, Lab versus Lecture, 
Type 0 f Compar i80n, 

Source of Lab Materials 

~ 
S.D. S.E. Xile n Mean 

EffEct sUe 

Discovery VB. 12 .174 .345 .100 1.74 56.9 
Expository 

Concrete va. 20 .308 .489 .109 Z.82*'" 62.1 
Abstract 

Commercial .259 .493 .164 1.58 60.2 

Local 32 .233 .434 .077 3.03** 59.2 

*p <.05 **p<.01 'ldrkp < .(Xll 
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Table 112: Unweighted Effect Sizes, TV and A-T va. Lecture 

~ 
n Mean S.D. S.E. tile 

Effect: size 

!Y 
OVerall -.012 .409 .136 .09 46.5 

Final Exam -.041 .435 .154 .27 48.4 

Course Grades .029 .224 .158 .18 51.1 

iuture Success 

Retention 

A-T 

Overall 21 .279 .299 .067 4.16*** 61.0 

Final Exam 18 .313 .308 .073 4.29*** 62.3 

Course Grades -.020 .538 .269 -.07 49.2 

Future Success .484 68.6 

Retention .052 52.1 

*p <.05 **p<.01 *ltlrp< .an 

Table 113: Unweighted Effect Sizes, M.1. versus Lecture, 
Remedia 1 VB. College Leve 1 

~ 
S.D. S.E. %ile n Mean 

Effect: sUe 

Remedial Level 

TV -.093 .221 .111 -.84 46.3 

A-T 13 .307 .289 .080 3.84 62.1 

Collese Level 

TV .021 .485 .198 .11 50.8 

A-T .232 .317 .106 2.19* 63.9 

*p<.C5 tip < ,01 *ltkp< .on 
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Table 114: Unweigbted Effect Sizes, M.I. versus Lecture, 
Two Year va. Four Year Institutions 

S.D. S.E. :tile 

~ 
TV .642 0 74.0 

A-T 12 .356 .307 .089 4.00*** 63.9 

~ 
TV -.099 .327 .109 .91 46.0 

A-T .154 .277 .098 1.57 56.1 

*p< .os Mp < .01 Mkp <.001 

Table 115: Unweighted Effect Sizes, M.I. versus Lecture, 
'Duration of Experiment 

~ 
S.D. S.E. %ile n Mean 

Effect size 

Less than 8 weeks 

TV .126 .392 .226 .56 47.4 

A-T .196 .183 .075 2.60** 57.8 

8 Weeks to a Semes ter 

TV -.089 .397 .150 .59 46.4 

A-T 17 .298 .319 .077 3.87**'* 61.7 

*p< .Q5 **p< .OJ. *"'*p<.001 
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Table 116: Unweighted Effect Sizes, M.I. versus Lecture, 
Comprebensivenes8+ of M.I. 

1bei#<ai 
~~ S.D. S.E. :ile 

Less than 1/3 

TV .222 .502 .355 .63 58.8 

A-T .488 .225 .130 3.75*** 68.7 

1/3 to 2/3 Time 

TV 4 -.125 .148 .085 -1.47 45.0 

A-T .090 .283 .200 .45 53.4 

More than 213 

TV 4 .047 .504 .252 .19 48.9 

A-T 15 .264 .320 .083 3.18** 60.4 

+ Pmportim of cl.asstiae d:MJtei to Mol. 
*p<.05 Mp< .Ol. *"*p<.001 
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Table 117: Unweighted Effec.t Sizes, M.I. versus Lecture, 
Study Quality and Control for Teacher Effect 

~ 
Mean S.D. S.E. Xile 

Effect size 

~aliti:- .. Higher 

TV .043 .355 .158 .27 51. 7 

A-T .216 .177 .059 3.66*** 58.6 

guaH t:y:--Lower 

TV -.092 .448 .200 .46 46.3 

A-T 16 .306 .357 .099 3.09** 62.0 

Same Teacher 

TV -.156 .388 .158 .99 43.8 

A-T 16 .259 .283 .071 3.65*** 60.2 

Different Teacher 

TV 

A-T .301 .362 .162 1.86 61.8 

*p <.05 **p<.01 **Itp< .au 

------.-~-.~-~ .... --- _._.-
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Table 118: Unweighted Effect Sizes, M.I. versus Lecture, 
Date of Study 

lbei3ted 
n Mean S.D. S.E. :tile 

Effect sUe 

!! 
1959-1964 .088 .342 .152 .58 53.5 

1970-1978 -.137 .435 .194 .71 44.5 

!=! 
1966-1971 .264 .339 .112 .57 60.4 

1972-1974 .293 .317 .118 2.48* 61.5 

1975-1981 .258 .232 .088 2.93** 60.2 

*p< .(Jj Mp<.m. ***p <.001 

Table 119: Unweighted Effect Sizes, M.I. versus Lecture, 
Source of Study 

UIeijjltaI 
Mean S.D. S.E. :tile 

'Effa:t: sUe 

~ 
TV -.163 .041 .029 5.62*** 43.5 

A-T .200 .062 .044 4.55*** 57.9 

Di8sertations 

TV 7 -.080 .375 .142 1.90 46.8 

A-T 17 .227 .259 .063 3.60*** 59.0 

Report8 

TV .642 74.0 

A-T .495 .416 .208 2.38 69.0 

*p<.(6 "'p<.01 Mlrp <.001 
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Table 120: Unweighted Effect Sizes, M.I. versus Lecture, 
Commercial VB. Locally Prepared Materials 

~ 
Mean S.D. 

EffEct s:i:z.e 
S.E. tile 

Commercial 

TV 

A-T .289 .153 .068 4.25*** 62.3 

LocallI PreE:ared 

TV 10 -.025 .388 .123 .20 49.0 

A-T 15 .253 .295 .076 3.33*** 60.0 

*p <.05 **p<.01 -kkkp< .0)1 



Table 121: Unweighted Effect Sizes, M.I. VB. Lecture, 
TV and A-T Instructional Variables 

%i1e 

!Y 
Projection 

Closed Circuit 

Large Screen -.232 41.8 

Screen < .. 25 11 .054 52.3 

Open Circuit .089 53.6 

Group Size 

> 100 -.192 42.4 

35 - lOa -.350 36.3 

2 - 34 .126 55.0 

Individual .040 51.6 

Followup 

Programmed 
Materials .577 71.8 

Tutoring .028 51.1 

~ 
SUl!:l!:lemental Materials 

Commercial .311 62.2 

Locally Prepared .277 60.9 

Pacing 

Self pacing .346 63.5 

Forced pacing .146 55.8 

Not Reported .272 60.7 

283 
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Table l22: Overall Effect Size, Tutoring vs. Lecture 

S.D. S.E. tile 

Overall .499 .557 .227 2.20* .336 69.1 

Table 123: Unweighted Effect Sizes. Tutoring versus Lecture 

~ 
Mean S.D. S.E. %ile 

EffB:tsUe 

Remedial Level .388 .353 .177 2.19 65.1 

College Level .722 1.013 .716 1.01 76.5 

Two Year .547 .188 .109 5.02*** 70.8 

Four Year .452 .855 .494 .91 67.4 

*p<.05 **p<.Ol *"*p<.001 
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Table 124: Unweighted Overall Effect Sizes 

P.I. 

1.1. 

CAl 

Lab 

TV 

A-T 

Tutoring 

~ 
Mean %ile 

EffEct Si2e 

26 .192 57.6 

38 .160 56.4 

16 .022 50.9 

34 .245 59.7 

-.012 49.5 

21 .279 61.0 

.499 69.1 

Table 125: Unweighted Effect Sizes, 
Final Examination, Course Grade, 

Future Success, Retention 

~ 
Mean tile n 

EffEct s;", 

Final Examination Course Grade 

P.I. 27 .210 58.3 P.t. 

1.1. 35 .107 54.3 1.1. 

CAl 14 .018 50.7 CAl 

Lab 33 .207 58.2 Lab 1 

TV 7 -.041 48.4 TV 

A-T 18 .313 62.3 A-T 4 

Future Success Retention 

P.I. -.237 40.6 P.t. 

1.1. .763 77.8 1.1. 

CAl CAl 0 

Lab Lab 15 

TV TV 

A-T .484 68.6 A-T 

~ 
Mean 
EffEct Siz, 

.203 

.008 

.253 

-.179 

.029 

-.020 

.061 

.785 

.247 

.052 

%ile 

58.4 

50.1 

60.0 

42.9 

57.1 

49.2 

52.4 

78.4 

59.8 

52.1 
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Table 126: Unweighted Effect Sizes, 
Remedial va. College Level 

~ 
%ile 

~ 
%ile Mean Mean 

Effi:tt siz2. EffEct Size 

Remedial Level College Level 

P.i. 13 .125 55.0 P.I. 15 .233 60.4 

1.1. 16 .012 50.5 1.1. 22 .299 61.8 

CAl .093 53.7 CAl 14 -.045 48.5 

Lab .235 59.3 Lab 27 .271 60.7 

TV -.093 46.3 TV .021 50.8 

A-T 13 .307 62.1 A-T .232 63.9 

Tutoring .388 65.1 Tutoring .722 76.5 

Table 127: Unweighted Effect Sizes, 
Two-Year va. Four Year Institutions 

~ 
%ile 

~ 
%i1e Mean Mean 

Effe:t size E&t SizE 

Two Year Four Year 

P.I. 11 .027 51.1 P.I. 18 .278 61.0 

I. I. 13 -.160 43.6 1.1. 25 .330 63.0 

CAl .307 62.1 CAl 12 -.139 44.5 

Lab .488 68.7 Lab 27 .211 58.4 

TV .642 74.0 TV -.099 46.0 

A-T 12 .356 63.9 A-T .154 56.1 

Tutoring .547 62.1 Tutoring .452 67.4 



Table 128: Unweigbted Effect Sizes, 
Duration of Experiment 
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1booig1reI 
Mean %ile _Size 

lbeigmd 
n ~nS:izle %ile 

Less than 8 Weeks 8 Weeks to a Semes ter 

P.I. 12 .213 

1.1. 5 .235 

CAl -.178 

Lab 26 .291 

TV .126 

A-T .196 

Longer than one Sem.es ter 

1.1. 

CAl 

.701 

.090 

58.4 

59.3 

42.9 

61.5 

47.4 

57.8 

75.8 

53.6 

P.I. 17 .161 56.4 

1.1. 33 .144 55.7 

CAl 9 .090 53.6 

Lab .096 53.8 

TV 7 -.089 46.4 

A-T 17 .298 61.7 

----------------- -------------- ----
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Table 129: Unweighted Effect Sizes, 
Comprehensiveness+ of Method 

~ ~ n~ n Mean %ile n ~~r.ile %ile Effuct _ 

Less than 1/3 Time 1/3 to 2/3 Time More than 2/3 Time 

P.I. .386 65.0 2 .128 55.5 25 .171 56.8 

1.1. .324 62.7 .193 57.7 36 .157 58.6 

CAl .016 53.9 3 -.031 49.8 .012 50.4 

Lab .590 71.9 .336 63.2 22 .229 59.1 

TV .222 58.8 -.125 45.0 .047 48.9 

A-T .488 68.7 .090 53.4 15 .264 60.4 

+ Prqx:rti.cn of ClasstiI!e re..tt.e1 to P.I. 

Table 130; Unweighted Effect Sizes, 
Study Quali ty 

~ 
'Hle 
~ ~ 

%ile n Mean n Mean roile n Mean Effuct _ Effuct _ Effuct _ 

Hisher ~ali t~ Middle Q!!alitI Lower !:h!ali tx 
P.I. 11 .084 53.4 .207 58.2 10 .271 60.7 

1.1. 14 .007 50.3 12 .198 57.8 13 .320 62.6 

CAl 8 -.194 43.3 .140 55.7 .115 54.6 

Lab .289 62.3 12 .119 54.7 15 .324 62.7 

TV .043 51.7 5 -.092 46.3 

A-T .216 58.6 16 .306 62.0 
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Table 131: Unweighted Effect Sizes, 
Control for Teacher Effect 

~ 
tile 

~ 
lile Mean Mean 

Effi>ot Size Effa:t Size 

Same Teache:!:' Different Teacher 

P.I. .165 56.6 P.I. .177 51.0 

1.1. '5 -.103 45.9 1.1. 12 .418 66.2 

CAl .115 54.6 CAl 1 -.225 41.1 

Lab 19 .184 51.3 Lab .395 65.4 

TV 6 -.156 43.8 TV 

A-T 16 .259 60.2 A-T .301 61.8 

Table 132: Unweighted Effect Sizes, 
Time Periods: Earliest, Middle, Most Recent 

~ 
%ile 
~ tile ~ tile n Mean n Hean n Mean 

Effec:tSi:ze Effe:t SUe Effect si2e 

~ ~ Most Recent 

P.I. 10 .265 60.1 10 .223 58.8 .045 51.8 

1.1. 12 .288 62.2 18 .203 -.051 48.0 

CAl .065 52.6 1 -.146 44.2 

Lab 10 .332 63.0 10 .253 60.0 13 .111 56.8 

TV .088 53.5 -.131 44.5 

A-T .264 60.4 .293 61.5 .258 60.2 
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Table 133: Unweighted Effect Sizes, 
Source of Study 

~ 
tile ~ tile ~ ::::i1e Mean n Mean Mean 

Effirl SUe Effirl SUe Effirl SUe 

Journals Dissertations Reports 

P.I. .250 59.9 19 .165 56.6 5 .068 52.7 

Lt. .303 59.6 27 .064 52.6 .486 68.7 

CAl .167 56.6 10 -.148 44.1 .180 57.1 

Lab .242 59.4 28 .224 58.9 

TV 2 -.163 43.5 7 -.080 46.8 .642 74.0 

A-T .200 57.9 17 .227 59.0 .495 69.0 

Table 134: Unweighted Effect Sizes, 
Preparation of Materials or Presentations 

~ ~ 
Mean tile Mean tile 

Effect size Effirl SUe 

~ Local 

P.I. 22 .193 57.7 P.I. 10 .186 57.4 

CAl .172 56.8 CAl 11 -.118 45.3 

Lab .195 57.7 Lab .381 64.8 

TV TV 10 -.025 49.0 

A-T .289 62.3 A-T 15 .253 60.0 
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Table 135: Unweighted Effect Sizes by Course Level 

Group A Group B Group C 

n Mean %i1e n Mean %ile Mean %ile 

P.I. 25 .088 53.5 6 .432 66.7 .243 59.5 

1.1. 23 .130 55.2 7 .439 67.0 .205 58.1 

CAl 8 -.198 42.1 4 .325 62.7 -.039 48.4 

Lab 11 .234 59.3 8 .382 64.9 14 .183 57.3 

TV 6 -.001 50.0 2 -.377 35.3 .257 60.2 

A-T 13 .313 62.3 ! .290 61.4 .208 58.3 

Tutoring 5 .306 62.0 1 1.438 92.4 

Table 136: Unweighted Effect Sizes by Ability Level 

Combined High Middle Low 

P.I. .267 .046 .124 .203 

1.1. .053 -.287 .259 .276 

CAl .133 .744 .538 -.675 

Lab .100 .222 -.049 .110 

TV -.562 -.690 -.702 -.424 

A-T .043 .198 -.144 .070 

Tutoring 
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