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CHAPTER I

INTRODUCTION

Americans are bombarded almost daily by books, magazines,

newspapers, television, and radio on, the subject of the impend-

ing crisis in extending our educational resources to cope with

expanding and changing education and technology. Tne crisis

and its special implications, for higher education have been

documented by the, American Council on Education (Venn, 1964)'.

The curriculum development, research, and dissemination activi-

ties undertaken in the present project represented an explora-

tion of one technological advancement which holds promise for

alleviating a portion of this educational crisis.

Our total educational effort in the United States is faced

with a number of major challenges. One of these comes from

the school population explosion at all educational levels, which

has resulted in a nationwide shortage of teachers and instruc-

tional facilities. The indications are that this inadequacy

is likely to persist, for some years. However, the problem is

more difficult, than the mere expansion of present educational

effort. A major problem is associated with the change in the

job that schools and colleges are being asked to perform for

society; changes in the society itself, which educational insti-

tutions serve, are increasingly dramatic and complex. The situa-

tion may be summarized by saying that at a. time when all facets

of the educational enterprise are increasing at the greatest
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rate in all history, it is at the same time expanding the breadth,

the depth, and the scope of educiiion...

In attacking the problems of education, the first encoun-

tered difficulty that the total resources available for educa-

tional development are quite limited relative to the magnitude

of the task to be undertaken. Thus; it ic necessary to accent

progreis toward these goals as less than would be desired under

ideal conditions, and to recognize priorities of greatest impor-

tanccas primary tasks. The difficulties= go well beyond the

mere resource allotment in a monetary Sense. In order to get a

feeling for the extent to which this is ttue, it is well to

consider the natute of ideals which are becoming generally ac-

cepted for future public education in this country : 1) the

length and scope of education freely available to each person

In the entire population are to be extended as soon as feasible

to encompass all of the education that will benefit a person;/

2) no significant fraction of the population should receive an

education which can be regarded as being of poor quality; 3)

education is a major process continuing throughout the life of

the individual.

if ore considers these ideals as goals, it becomes appar-

ent that there are greater impediments to attaining some of

1
Cf. Policy Statement on education issued by President

Johnson on November 4, 1964. ". . . every child has the right

to as much education as he has the ability to receive. I

believe that this right does not end in the lower schools, but

goes on through technical and higher education, if the child

wants it and can use it . . . ."

3



them than the difficulty of obtaining the very substantial eco-

nomic resources required. As a nation we can no longer afford

the luxury of merely trying to do more of what we have been

doing in the past. Thui, the decision to increase significantly

the content of education at all levels has very far-reaching

implications for the in-service education of teachers'.

Perhaps the greatest difficulties 'of all do not arise

directly from the requirements being placed on educational insti-

tutions, but stem from changes in the character of society it-

self. Surely, the most important single socio-economic phenomenon

of the present era is the rapid shift from an economy based On

limited-skill labor to one which rests on intelligent personal

service of an increasinglir technical nature. 'Moreover, at a

time when 'jobs are becoming increasingly technical, it is alsO

true that the technical competence required of corker; is chang-

ing at an accelerating rate. In many vocational, And projessional

areas today, the rapidity of technical and scientific advance

has become so great that it is literally impossible to create

academic curricula which are not obsolete at the time of their

inception.

In a sense, the problem of the rapid obsolescence of cur-

ricula arises whenever the period of significant technological

change is comparable to, or shorter than, the period required to

train the majority of, those' who must teach the material. The

accelerating pace of technological development implies that such

conditions are going to become more and more general until they
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impact education across the board. It follows then that the

methodology of education, the concepts of teacher education,

and-the general structure of education must undergo significant

and drastic changes in the near future, indeed, the greatly

increased educational requirements, the correspondingly longer

training periods needed to attain a given level of proficiency,

and the ever-changing character of subject matter already are

imposing great bOrdens on existing efforts in education and

are creating an impetus for change in the methodology and struc-

ture of instructional processes.

Clearly, new methodologies and techniques*of education are

of great importance where they seem capable of overcoming these

fundamental difficulties. The technical approach which has been

the focus: of this investigation may be described as computer-

assisted, teacher-supervised, self-study, and hereafter referred

to as computer-assisted instruction (CAI). There were a 'lumber

of reasons to suggest that this approach might be fruitful:

1) potentially, it permits an efficient use of expensively, and

highly educated teachers; and thus a substantial increase in the

student-to-teacher ratio; and 2) at the same time, it makes'

possible an acceleration and individualization of instruction to

an extent which has often been dreamed in theory, but rarely

achieved in educational practice.

Specifically, the objectives of thr project were as follows:

1., To determine the feasibility of using college teachers

with limited knowledge of digital computer systems and computer



Programming to prepare various subject matters for presentation

by a computer. The teachers were aided in the preparation of

these materials by the use of a special computer language devel

-oped especially for teacher-authors. This language, known as

Coursewriter,:allows an author to program the computer to pre-

sent materials on the basis of the students' responses by the

use, of a number of logical commands. One purpose of the, project

was to suggest improvements in the author language on the basis

of actual author experiences. An anticipated outcome of the

project was a more efficient special computer language for course

writing by teachers. In addition, the, feasibility of teaching

several different subjects simultaneously by means of the computer

'was, an important part of this objective.

awuwg.d abjective was to ascertain the reactions of

students to the course materials presented by a computer. Authors

were encouraged to try out alternative teaching strategies in

. CAI so that preliminary evidence could be obtained to determine

which methods of presentation would be most acceptable to the

tudefit, A preliminary evaluation of student respensas to cnmplitAr-

assisted instruction, usi ng sections of courses instead of full-

length courses, and which involved 67 college students was ,made;

these data are reported in Chapter VIII. During the spring term,

and summer term, 1966, at Penn State, field trials were then

conducted for each of four college courses.

3. A third objective was to make comparisons of the effec

tiveness of computer presentation of course materials with the
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lecture-discussion method. No systematic comparisons of CAI and

conventional lecture presentation were made; however, some in-

formal comparisons were undertaken to help evaluate the quality

of the CAI materials. The investigators associated with this

project question the value of comparing teaching, methods. Rather

than attempting to "reject the null hypothesis" with regard to

comparisons of CAI with traditional instruction, it was, expected

that such comparisons would help improve existing course mater-

ials and help identify a rationale for integrating sections of

CAI courses with existing curricula. If CAI is to be an impor-

tant educational medium in the future, the situations in which

its use is most desirable and the methods for best integrating

it into the general educational process must be quickly identified.

The experiences of the teacher-authors reported in a later sec-

tion of this report bear on the above question.

4. A fourth objective was to provide demonstrations of a

functioning prototype of a computer-assisted instructional sys-

tem which could be expanded to provide service to an entire

school or group of schools. Dissemination of information is a

serious problem in educational research. By means of live "hands

on" demonstrations, video tape recordings of students working

with CAI, and a short introductory color film the investigators

hoped to make some inroads into the problem of dissemination.

5. A fifth objective of the project was to determine the

feasibility of a computer-assisted instructional system in which

course material and student responses are teleprocessed over



some distance between teaching terminals and a centrally located

computer. While the chief purpose in teleprocessing in the

present project was to eliminate the need for an expensive com-

puter system and programming support, there are educational

situations in which remote instructional terminals might be the

most desirable feature of a CAI system. One such application

would be a continuing education program, such as updating the

training of graduateengineers. Another application is the

in-service education of public school teachers.

6. The sixth and final objective was to develop CAI cur-

ricula of sufficiently high quality to be used in later research

studies with actual college and high school students. While

the primary purposes of the investigation were the five listed

above, CAI offers many opportunities for research on problems

of complex human learning and instruction. A computer-controlled

instruction system offers opportunities for carefully manipulated

presentation of verbal and visual stimuli (instructional mate-

rials) rarely possible in previous research on instruction. The

courses were developed in such a manner that they are readily

amenable to experimental manipulations and research on student

learning. A number of investigations have been proplsed, and

the results of several pilot investigations are reported in

Chapter VIII of this report.



CHAPTER II

DESCRIPTION OF THE COMPUTER-ASSISTED INSTRUCTIONAL
SYSTEM AND RELATED LITERATURE1

Computer-assisted instruction may be thought of as a way

to enhance the effectiveness of teachers and the teaching pro-

cess through technology. In the past, devices such as motion

pictures, filmstrips, workbooks, and langUage labOratOriei have

been incorporated into educational practiCe to facilitate and

extend learning; generally, these devices have'been used to

automate traditional methods of teaching and not `necessarily

to make learning more functional. 'Regardless Of the device,

the general approach here has been to Maintain the traditional

method of teacher-mediated group instruction in the more or

less conventional classroom situation. The conception of CAI

which has guided our work has been to supplement rather than

supplant the teacher in the classroom.

The publication of Skinner's Science paper in 1954 set

forth an alternatiire approach to the achievement of educational,

goals, Programed instruction specified desirable terminal be-

haviors and used the principles of a learning theory to estab-

liSh a means of attaining these behaviors. The instructional

sequences in Skinner's plan were individualized in linear pro-

grams through self-pacing, or more recently in branching programs

'The investigators are indebted to Dr. E. N. Adams for the

basic analysis of the field as. contained in this chapter.



hromgh the ;ormulation of different sequences on the basis of

student's last response. Early in the movement, machines were

abricated to present these programed materials; however, it

as found in most cases that the use of hardware did not enhance

earning over the use of the same materials in text form (Goldstein

Gotkin 1962).

Research and development involving the use of a compter

o assist ir the instructional process may be thought of as

eing related to teaching machine technology; but, CAI, because

f its flexibility, decision logic characteristics, and sophis-

ication of input-output modes, must be considered as a quantum

Avance (at least in theory) over traditional programed instruc-

,ion. Projects using a computer for instruction are similar to

ach other but differ in their emphasis. The flexibility of the

ligital computer allows for a variety of themes different from

'rid richer than the themes of programed instruction as repre-

mnted in the programed text or simple teaching machine. One

mch theme has been the use of sophisticated Input and output

Walla to facilitate communication between the student and

the system, e.g., cathode ray tube display, various large capacity

random-access visual and audio devices, special response keyboards,

and light pens. These devices are particularly attractive to

the psychologist interested in research, but at the same time

do not stimulate similar research in other laboratories because

the equipment used is generally of experimental or prototype

construction And is extremely expensive. Two efforts 'that



emphasize this theme in computer teaching are those of Bitzer

(1962; 1964) and Suppes (1964).

.A second theme has been to adapt, course organization to

the individual student's needs. Here the concept is to monitor

and analyze student perfOrMance; and,-on the basis of this per-

formance plus other historiCal information about the individual

student, continually adjuit the course organization to optimize

it for a pariiculir student's prOgress. Such tailoring of mate-

Halt to an individual student is highly desirable but of relative

high cost because considerable computer capability is 'needed for

each student: TO some extent, this hat been the approach taken-

by Stolurow (1963) and Smallwood (1962).

A third theme has been that of tutorial 'interaction. The

concept here is that the high-speed logic of the computing ma-

chine reacts to the detailed features-of student performande

on specific tasks, records the efforts of the student in dealing

with'these'tasks, and presents 'appropriate remedial or accelera-

ted action Where the student is not succeeding or-is insuffi-

ciently challenged. The tutorial interaction is supplementary

to the strategic job ofadjusting the arrangement and difficulty

of the tasks and their manner Of presentation to the individual

student. This approach was exemplified by the early effort at

the IBM Research Center (Uttal, 1961; 1962), and hat been charac-

teriStic of the CAI curriculum materials developed at Penn State,

Florida State, University of California at IrVine, and Other

pioneering institutions.
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A fourth theme has been the process of simulation and sat.

in interaction between the student and the machine, Here the

role of the machine is that of simulator of a process, or as an

opponent with which the student interacts just as he interacts

with-process or persons in laboratories or real situations.

This theme is,prominent in the work at Bolt, Beranek and Newman,

Inc., (Swets, 1962) and Wing (1966) at the Board of Cooperative

Educational Services, Westchester County (N. Y.) Public Schools.

In addition to the above studies, the reader may find the

reviews by Dick (1965) and Gentile (1966) helpful in providing

additional background in the development and status of computer-

assisted instruction.

The present investigation of computer-assisted instruction

emphasized tutorial interaction and made limited usage of the

other themes described. The writers believe that each of the

emphases described above represents a valid conception of an

approach to the use of computers as educational aids, but that

the tutorial approach may be practical for many instructional

purposes. Current and projected needs forced the investigators

to consider computer instructional cost, both for the develop-

ment of coursescand the administration of these courses by the

computer in "production" teaching. The investigation sought

to establish a:Flexible:interface between the learner and the

computer, but at the same time to utilize a system that would

be justifiably economical in the long run to allow for yide-

scale adaptation to a variety of educational operations.

fl

Ci



Because of the high cost" of computer systems for direct

teaching, a number of educational developers have turned to the

employment of the computer as' an aid in the management of in-

struction. Under this concept, each school or instructional

sub-unit 'i providid with a terminal connected to a central

computer.:_ Input consists of information about each pupil's

progress 'on separate identifiable elements of "off-line" cur-

riculum material. Output at the terminal consists of a set of

diagnostic instructions directed to the teacher for managing

the education 'of each child. This new "systems" approach or

computer-management initructions biars the same relationship to

CAI that remote batch processing bears to time-shared conversa-

tional interaction in conventional computer terminology. It

remains to be seen which approach will be the most readily

accepted, by the educatiOh community.

The main outcome of the present project was the development

of four college'courses for presentation via CAI. Unlike most

developmental projects in CAI,"the present project was not con-

cerned with the invention of terminal hardware or the writing

of computer programs in machine language. These tasks have been

avoided by using a commercially available typewriter terminal

as the interface between the computer and the student, and the

Coursewri ter' language (Appendix A.1) developed at the IBM

Thomas J. Watson Research Center for controlling this inter-

change. Virtually all of the efforts of the project have been

devoted to the preparation of educational materials to be pre-

sented by a computer.

13
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The Coursewriter language enables an author, with a mini-

mum of special training, to include questions, problems; assign-

ments, correct answers, incorrect answers, provisions for unan-

ticipated answers, knowledge of results, and branches or alter-

ations in the sequence of a course. In addition, an author

can employ a. process of record keeping known as Student, Records,

which will record and accumulate in storage all student responses

and response times, This latter feature is, useful to authors

for the purpose of analyzing and improving the course content,

for revising trial versions of a course, and as a basis for,

counseling and advising students who use the course material.

Additional operations in Coursewriter can call for the presen-

tation of visual material stored on 2 x 2-inch slides or,audio

material stored on magnetic tape at the student's terminal.

This presentation is mediated by a computer-controlled random-

access slide projector and random-access tape recorder. During

the development of course materials, new functions were period-

ically added to Coursewriter which were then implemented into

each course. Among these additions, for example, were functions

which allow flexibility in matching stored answers, i.e. func-

tions which command the computer to ignore trivial characters

such as commas, periods, spaces, differences in word order,

and misspelling if desired. A more detailed description of the

operation codes used with the Coursewriter language is given in

Appendix A.1.
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The computer system employed in the early phases of this

investigation was an IBM 7010 (compatible with the IBM 1410),

with remote IBM 1050 typewriter terminals. The main computer

was located at the IBM Thomas J. Watson Research Center in

Yorktown Heights, N. Y., while the typewriter terminals were

located in Chambers Building on the campus of The Pennsylvania

State-University. Ir. March, 1966, computer service was initiated

from the Penn State Computation Center to service two terminals

for CAI. Dataphones and telephone lines were used for trans-

mitting information between the Chambers Building1terminals and

the central computer. The student terminal configurat'son was

IBM 1050 instructional terminal which included a modified IBM

Selectric typewriter and which permitted two-way communication

between a student in Chambers Building and the computer at

Yorktown Heights (or more recently the IBM 1410 at Penn State's.

Computation Center); a random-access slide projector; and a random-

access tape recorder -- all components under computer control

and activated by a set of instructions stored in the central

processor. Course material can to presented to a student by

typeouts, slides, or tape recordings. In answering a question

or problem, the student types his answer at the terminal and

relays it to the central, computer. The computer then provides

knowledge of results to the student, remedial information, or

the next problem.

In addition to the student instruction mode, the type-

writer terminal can also be used in "author mode' for input of
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course material, ravision of course material, or for author

testing of course material. The course input is transmitted

to the computer where it is stored on high-speed magnetic discs

to whicirthe computer has selective access to any part. In

addition to "on-line" input of course materials, the 'use of

an IBM 1058 card punch attached to a typewriter terminal per-

mits off-line Coursewriting. on IBM cards. The cards can then

be transferred to the central computer and input for disc or

tape storage. The latter procedure frees more on-line terminal

time for student instruction.
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CHAPTER III

PREPARING COURSES FOR COMPUTER PRESENTATION

As previously mentioned, courses have been prepared for

presentation via computer by means of a language known as

Coursewriter. Although a complete description of the language ,

is beyond the scope of this report, a summary of the functions

of each of the operation codes.is giver, in Appendix A.1. A

manual emphasizing the application of Coursewriter language

to instructional strategies is in preparation au an extension

of the current Penn State program.

The list of operation codes taken from thy: IBM Coursewriter

manual (lM), although not exhaustive, covers most of the basic

operations in the language. A reproduction of a course as it

is stored in the computer is shown in Fig. 1. Each operation

code has an accompanying sequence number which is used to identify

and sequence the course material. In preparing a program for
-.

the computer, the author prefaces segments of the course with

the appropriate operation codes. The operation code indicates

to the computer how the argument of that operation code i to

be used. For example, the entry for a question consists of a

cm followed by the text (argument). The qs. code instructs the

computer to type the question (argument) on the terminal and to

wait for the student to respond.



Sequence No. Label 01, Code

aa-0010-010 intro qu

aa-0010-020

aa-0010-030

aa-0010-040

aa-0010-050

Argument

3 2

ca 5

ty correct

wa 6

ty You multiplied instead
of adding. Try again.

Fig. 1. Reproduction of a Typical CAI Course Segment

The amount of material stored for any given sequence number

(usually referred to as a "statement") is dependent upon the

operation code used. There is no limit to the amount of material

which can be stored in the argument of a rd, cui, IL, or un state-

ment. If the statement is a ca, cb, wa, or wb, the argument

is limited to 99 characters. Any letter, space, upshift, down-

shift, or any other single-key operation on the typewriter termi-

nal is counted as one character.

The label is an identifiable name selected by an author

for any statement in a course. The label provides a meaningful

symbol which can be branched to by using a br statement.

One major objective of the present project was to test

the feasibility of having college faculty members with minimal

computer experience prepare courses for computer-assisted instruf

tion. College level courses were prepared in four subject mat-

ter areas: audiology, modern mathematics, management accounting,

and engineering economics. Table 3.1 provides a summary of the



course materials completed in the four course areas as of

December 31, 1966. The values in this table represent the final

content of the course and include no indication of the number

of statements revised or rewritten.

Table 3.1

Summary of CAI Programs Completed
for Four College Courses

December 31, 1966

...11=0.0.11

Course

..011...
No. of

Coursewriter No. of
Statements Slides

No. of
Tape

Recorded
Messages

...r.11

No, of
Static
Disp'dys

Audiology
Management Accounting
Modern Mathematics
Engineering Economics

.....1101111115

TOTAL

8,146
6,556
11,765
4,104

30,570

197
67

258
5

527

127
34
138

7

306

33
23

117

Considerable variability exists in the programing strate-

gies used by the authors. This variability seems to be a func-

,tion of differences in course content, the ease of programing

different courses for the computer, and the authors' teachinl

preferences. One author used primarily an inductive approach

in which examples and problems are illustrated followed by ques-

tions designed to help the student discover the principle in

Several authors employed a large number of branches

to remedial or explanatory material, while others presented

19
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explanatory material in the main truhk of their program. Some

authors used a liberal number of prompts or hints to elicit

student respmes, while others required, the student to, do more

independent searching for correct answers. Differences also

exist in the kinds of questions that have been used (multiple

choice, single word completion, true-false, multiple word con-

structed response) and in the quantity and qUality of knowledge

of results, feedback, and reinforcement. These "built in" dif-

ferences among and within courses have provided useful materials

for future experimental tests of the effectiieness of the differ-

ent methods of presentation.

Our ekperience with programing different courses suggests

that although most subject matters can, be taught feasibly via

CAI, some are especially well suited for computer-assisted in-

struction. For example, the presentation of visual and auditory

materials via the slide projector and tape recorder would seem

to be particularly effective when they provide nonredundant

information to the learner. Simply presenting material on slides

and tapes which can be presented as well by a printed display

to the student holds no great advantage for learning other than

whatever advantages accrue from repeating the communication in

the different sensory modalities. In many courses, however, in-

formation can be conveyed by slides and/or tape recordings which

would be difficult to transmit to the learner by other means.

Slides were developed for the audiology course which portray

various parts of the human auditory system. The slides were
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developedin a manner similar to overlays for overhead projec-

tion -- emphasizing one section at a time until an entire ana-

tomical system is displayed. Another particularly interesting

use of the tape recorder was used in the audiology course.

Correct pronunciation of anatomical terms were played for the

students whose job it was to learn proper pronunciation of a

difficult vocabulary as well as correct anatomical location.

Training CAI Course Authors

The present project was one of the first to implement the

preparation of course materials for CAI using the Coursewriter

language and teleprocessing from remote terminals. For this

reason, problems were encountered ear/y in the project which

can now he avoided in future CAI projects. Although several

short training workshops were held for the project staff by

IBM personnel, it is fair to say that most of the project staff

were largely self-taught. It is hoped that. our early experience

with CAI will be of some help to other investigators who plan

to do work in this area.

Although Coursewriter is a relatively simple language to

use when compared to other more traditional computer languages

such as Fortran, Daft, Algol, and Autocoder, considerable time

was spent during the first few months of the project learning

to use the language. In the judgment of the investigators,

training authors in a more systematic fashion by means of a

two- or three-week workshop to provide supervised coursewriting
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experience would be superior to the trial-and-error training

necessitated in the present project. The training of authors

in the early stages of the project was hampered by several prob-

lems: 1) the CAI hardware itself had only been recently in-

stalled and debugging was being completed; 2) the Coursewri ter

language was in the process of being written and revised, and

thus was changing from week to week; and 3) authors were faced

with .the more difficult problem of fully utilizing'the instrut-

tional-potential of CAI. As more experience was gained with

computer-assisted teaching systems, problems of author training

were minimized.

Aside from learning the Coursewriter operations, the most

difficult problem facing a potential author of courses in CAI

is that of utilizing the dynamic, properties of CAI. Preparing

materials for CAI is very different from preparing materials

for a traditional lecture class of 40 or 50 students. Most

traditional lecturas, like earlier forms of programed instruc-

tion, involve linear teaching strategiem. To conceive and de-

velop a courseothich will adapt to the abilities and interests

of any learner in a population of learners exhibiting wide indi-

vidual Cifferencls, requires skills which have frequently not

been acquired by many teachers or professors, nor have they

often been taught in teacher education curriculums. The most

likely reason for the neglect of these skills for individualizing

instruction is the great complexity which they introduce into,

the design of teaching strategies and instructional materials.



Within ,the domain of adaptive CAI, one can. conceive of multiple

track and hierarchical instructional strategies. A number of

the authors developed flow charts of their, courses prior to

the-actual production of the course. Flow charting has' the

advantage of forcing an author to state his objectives prior

to course development,-and-to graphically indicate various

routes,through the course, by which students of different.abili-

ties and, interests can reach the course objectives.

-The use of adaptive CAI also involves some assumptions

about the nature of student learning which are frequently either

unaccepted Or ignored in traditional teaching situations.- 'The

use of adaptive tcuching systems assumes that the variability

in attainment oft learning objectives among different learners

can be substantially reduced. Athough some psychologists find

etlidince for a'lenetic limit in a student's learning ability,

recent evidence points to the great malleability of such'varia-

bles as measured intelligence and schoOl-learnin0: One of the

most striking early findings of the present investigation (more

fully reported in Chapter VIII) was the great spread of cri-o.

terion,test performance among college students on CAI-courses

specifically desilned to include remedial work and adaptation

to individUal -differences. In one section of modern mathematics

containing approximately fifty per cent remedial work given

to students having difficulty in the main- course, criterion ,

achievement .test scores ranged from 5 to 23 on. a 23 item test.

The reader should note that these were a select sample of
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college students having generally high mean academic aptitude

test !cores and short range. Such widespread variability in

achievement found among these students can only stem from a

failure of the instructional strategy. One of the most valuable

attributes, of computer-assisted instruction for training instruc-

tional programers is the ease with which authors obtain

back concerning the adequacy of their courses. In the normal

classroom situation, feedback concerning one's teaching pro-

cedures is frequently delayed too long for the feedback to be

relevant. In CAI, feedback concerning one's course can be ob-

tained almost immediately by signing on as an author-student

to test the course. Rarely does the classroom teacher have

an opportunity to "sit in the student's shoes"; however, such

experience is the rule rather than the exception in CAI, In

addition to having firsthand experience as a student on one's

own course, information concerning the performance of regular

students is readily available. Such, students have been used

to provide information to help diagnose the strengths, and weak-

nesses of a course.

Capabilities for rapid revision are required of an instruc-

tional system if feedback concerning the adequacy of instruction

is to lead to improvements in the course. One of the major

advantages of CAI is its potential for rapid, revision of course

materials.. Depending on previous schedul.ag of computer time,

revisions can be made within several, days. This is, a particularly
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important characteristic since the preparation of course material

frequently requires considerable revision to smooth out minor

defects.

Preliminary results concerning the incidence of mechanical

malfunctions with the basic typewriter input-output terminal

have-been highly encouraging, espet4-7.1y in view of the complex

electronic system Involved. One objective of the project was

to test the feasibility of teleprocessing course material, to

remote instructional terminals. A check of a sample of 10s374

statements of program completed by a small sample of students

showed that transmission errors occurred in only 0.2 per cent

of the statements. On the basis of these preliminary results,

we can conclude with some certainty that computer-assisted in-
,

struction at remote terminc.ls via teleprocessing is surpris-

ingly free of mechanical malfunctions.

Field Trial

One of the major results of the project was the develop-

ment of four operating CAI courses. During the spring term

of 1966, a field study was conducted using three of the courses -

Speech Pathology and Audiology, Introductory Management Account-

ing, and Modern Mathematics. Engineering Economics was field

tested during the summer term of 1966 at Penn State University.

in order to provide.the students with the best educational

experience possible, a general methodology was used for all of

the field trials even though there were minor variations within
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each course. Each of the courses was a three-credit course

which normally meets three periods (75 minutes each) a week

for 10 consecutive weeks. Each class participating in the field

trial was divided into three groups. Group I was in attendance

at aii class meetings with the professor; this group was identi-

fied as the lecture group. Group 2 was in attendance at one

class meeting at the beginning of the week; two class meetings

(equivalent time) were spent at the teaching terminal in the

CAI Laboratory. This group was identified as the CAI group,

Group 3 was in attendance at one class meeting ct the beginning

of the week; and two class meetings (equivalent time) were spent

in the Curriculum Materials Center in the College of Education.

This group was identified as the self-study group.

CAI Group,. The CAI Laboratory Staff scheduied students

according to time available on terminals and individual sched-

ules for no less than a total of two and one-half hours per

week. Students could, of course, spend more or less time as

required by their work habits and assignments. The Laboratory

staff providati curh materials as handouts, models; reference

books, colored pencils, slides, and tapes necessary for the

students to use as they progressed through the course. A proc-

tor from the staff of the :Laboratory was available aVall'times

when students were scheduled on Utermi nal. The professor of

each course was provided with a carbon copy of each student's

printout from the terminal, and the student retained one cony

for review purposes.



Self-Stud Glogil Students were scheduled at the Curricu-

lum Materials Center for two and one-half hours per week accord-

ing to their individual schedules. The Curriculum Materials

Center is a library-type facility equipped with individual study

carrels where specific references may be placed for student use.

Materials such as hanju4t.74, E;i3das; rcfernnc koks, sets of

Clides, and slide projectors were provided in the Curriculum

Materials Center for the students' use. A proctor was available

at all scheduled times to distribute materials as requested by

the students, and to record the amount of time spent by each

student using self-study materials.

Chapters four, five, six and seven of this report present

the details of the course development and field study for each

of the four courses developed for CAI.

27



CHAPTER IV

INTRODUCTION TO AUDIOLOGY

(Bruce M. Siegenthaler and Je(ifreyKatzer--Couri,e Authors)''

"IntrodUction'tO AudiOlogy" (Speech Pathoiogy'and'Audi4;logy

4309 3 credits) Is the first Course in audiology'at Penn State

and is normally tiken during the junior ytar of underadue'

study.

The objectives of this course include the' following:'

3.

1. IntroduCtory survey of the field of
audiology;

2. Development of, a, knowledge of technical
terms used in audiology;

,

3. 'Classification of infOrmatiOn regarding
the anatomy anO.physiology,of the normal
ear and of ear diseases at'a survey level,'

4 Understanding of
lest4g,hcaring and development.of.skill
in adiinistering'pure tone att'condUCtitin-
tests and their,,interpretation

5. Survey of rehabilitation measures for
hearing handicapped.

Although the course ie required during the junior year of

the undergraduate SPA (Spt:% Pathology and Audiology) cur-

riculum,and the major enrollment is by these students, the

course is also taken by a number of graduate students in the

master's program in SPA and by students from outside SPA who

minor in this field.

29
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During the winter term, 1965, a small-scale evaluation of

CAI as applied to SPA 430'was completed. Of the 25 students

enrolled in the class, 12 volunteered to participate in CAI as

a supplement to class attendance. These 12 volunteers were

randomly divided into two groups, one to receive CAI and the

other not. All students other than the 12 volunteers attended

three lectures each week. However, six CAI students spent time

on the computer terminal to complete the material on anatomy

and physiology.of the ear. At the end of the first third of

the course (when the work on amatomy and physiology was com-

pleted), a comprehInsive test on that material was administered

to all students. These data were analyzed for the three groups:

1) students who had not volunteered for CAI, 2) students who

volunteered for CAI but who were included by the random pro-

cess, and 3) students who volunteered for CAI and were selected.

F;),* Group 3 a comparison was also made of those questions sup-

plemented by CAI and those questions not supplemented by CAI.

The results, based upon a very, small sampleis cited above,

did not.indicate a clear-cut advantage for the students receiving

CAI either for the CAI-related questions or for the non-CAI re-

lattd questions. However, it must be remembered that all stu-

dents attended all lecture sessions and therefore all received

the same instruction via lectures.

Subjective evaluations .of the computer program by students

were highly enthusiastic. Some of them were able to complete

s.
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all of the program material in as little as two hours of termi-

nal'time, while others required about six hours. Those who

experienced CAI felt they had benefited by the instruction

(although their scores did not clearly indicate this), and all,

of them expressed a high level of interest and motivation to.

continue with additional CAI activities.

Field Trial.

A field trial- of the CAI speech pathology and audiology

course was conducted during the spring term, 1966. The purposes

of this study were twofold: 1) to investigate the problems in-

volved with providing CAI experionce for a number of students

on a regular basis for-academic.credit, and 2) to obtain and

analyze data for improving the CAI course based on student re-

sponses and reactions.

Random Assignment of Students. The 21 students who. enrolled

in the speech pathology and .audiology course were stratified

into *hree, levels on the basis of Scholastic Aptitude Test

scores. The students in each of the stratified groups were then

randomly assigned to one of the field study conditions - self-

study, CAI, or lecture.
=

Lecture Group.. The seven students assigned to the lecture

group met with the professor three periods (75 minutes each)

weekly. This segment of the class group was taught according,

to the standard procedures used by the professor for a lecture-

discussion class.
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Self-Study Greta. Seven students were assigned to the self-

.

study group. These students met in the lecture group one period

each week with the professor and were assigned to the Curriculum

Materials Center, located in the College of Education, for two

periods each week. Appendix D.1 includes a sample of the self-

study guides available to each student. Appendix D.2 is a list

of the anatomical slides which were also available with a pro-

jector in the Curriculum Materials Center for the suidenti to

use. Table 4.1 indicates the amount of time spent in the Cur-

riculum Materials Center by each student who was assigned to

the self-study group, The students were not informed that a

record was being made of the amount of time they spent in the

Center,, nor was this time used to evaluate students in any way.

It merely indicates, that some students spelt considerably more

time using the specific references placed in the Center.

CAI Gram. Seven students were assigned to the CAI group.

These students met with the professor and the other two groups

one period each week and were assigned time on the CAI terminal

for approximately two periods each week. Appendix 0.3 contains

a sample of the speech pathology and audiology CAI program which

includes slide and tape recorded messages. Appendix D.4 is a

flow chart and interpretive notes for the first part of the pro-

gram. Appendix D.5 contains samples of the static displays,

and Appendix 0.6 contains samples of the student handouts pre

pared far use with the course.
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.....*

Table 4.2 shows the structure and amount of course material

stored in the computer. The course is segmented into chapters

for ease of handling at the Computation Center; however, a stu-

dent taking the course continues directly from one chapter to

the next if he so desires.

1.1.

Table 4.2

Structure of CAL,Speech Pathology
and Audiology Course
as of December 1966

No, of

No. of Tipe No. of

Coursewriter No. of No, of Retorded Static

Chapters TWifFUEffiiii Questions Slides Messages Displays

1 1932 107 25 '47 3

2 841 57 9 11 4

3 44.: 18, 6 13 2-

4 .1 0' 56 '16 14 4

5 593_ 27 23 11 5

6 440 16 17- 23 ,. , 1

7 45 8 17 1 1

8 4,02, 8 13 '-- 11 2

-9 '517 26 6 1 1

10 -113 17 7 1 2

11- 555 26 11 1 .
A

12 3162: 11, ,12-- . 1 1 2

13 391 :. 10 36 2 2

Total 8145 387 197 127 33

INIIIII;WIMMINIIM.M1111.eawassrou.walr.



Table 4.3 shows the time scent on computer terminal by the

students in the speech pathology arid audiology CAI group.

Table 4.3

Time Spent on Instructional Computer Terminal by Students
in the Speech Pathology and Audiology CAI Group

Field Trial, Spring 1966

rnamrmora....,

Dates
Student Beginning-Ending Time
Number 1966 'Hours-Minutes

7577 4/25 - 5/23

7579 4/25 - 5/11

7580 4/25 - 5/19

7581 4/27 - 5/24

Average
Hours/Week°

Hours-Minutes

17 50 3 34

14 45 2 57

11 49 2 27

19 24 3 53

Total Time - 63 hours and 48 minutes

Average time per sttident 15 hours and 57 minutes

aCalculated on the basis of maximum number of weeks ive)

on terminal by student from the group.

Table .4.4 shows the character and operand ,code count-fOr

five representative selected questions from the course. On, the

basis of the information 'from these five questions, it is etti-

matect that for the 387 questions and related instructions in

the course there are approximately 546,300 characters, in cOm-

puter storage for the 13 chapters.
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The entire question frame for each of the sample questions

is presented on, the fo'h ling pages. Following each question is
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an explanation of the functions within theluestion and a table

which includes an exact reproduction of all responses made-by

each student and the response latency for each trial. This infor-

mation was obtained from student record analyses from the CDM-

puter and is representative of one of the benefits that an author

can derive from the computer in revising and updating course

material.



Sample Question .17Speech Pathology and Audiology

ItIttme No. Label op, Code Argument

4a-0130-470 qu 1.39.* Completion: The,
other part of the inner ear
having to do with balance
is, according to Newby,
called the

IIX

fn kw//1

ca // vestibul

ty Correct,, Please realize
that is describing
the leciole functioning balance
part with its contents.
Strictly speaking, in terms
of the geography (not function),
this part of the inner ear
may be subdivided into two
types of areas : (a) vesti-
bule and (b) semicircular
canals. For the moment it
is important to remember
that these are parts of the
bony labyrinth-your class
lecture will develop this
further.

n x

ad

un Wrong. Check Newby page 21,
the fourth complete paragraph
from the top. Look for the
name of the major part--not
the sub-parts. Try again,

*N.B. Material In italics indicates this will appear in
red, on printout,



SampleQuestion 1. This is a completion question. The

student is expected to fill in the, blank after referring to the

textbook. The authors are expecting only one correct answer

(ca), 'i.e., vestibul. If the student makes this response, he

receives --as typeout Ity) which says "correct" and gives himin-

forration aboutsome additional material he will study. If the

student-^does not make this correct response, -1 fs added to

counter 1 and he is given the feedback for an unanticipited (un)

answer. He is told at this point that he is .wrong .and should

check the textbook and try again. The information fi.om student

records presented in Table 4.5 indicates that four of the six

students did respond. correctly on the first trial, Those who

did not made spelling errors. It should be pointe-d out that

none of the students responded with the precise response that

the authors specified, i.e., "vestibule" The correct response

programed by the authors contains the essential portion,of the

complete correct answer and allows for deviations of word end-

ings that the authors were willing to accept as correct. The

stu4nti could respond with the entire word, vestibul or

or. plus the word "apparatus" .without being

,counted incorrect. This indicates the flexibility_thatatithors

can provide for accepting different forms of the same correct

answer and not forcing the student to match precisely character

for character any one given answer. This flexibility is pro-

vided by the keyword (kw) function which appeaos just prior

to the correct answer (ca) in the program.
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Table 4.5

S'tudent Responses and Response Latencies
for Sample Question 1 from CAI

Speech Pathology and Audiology Course

Field Trial, Spring 1966-.4.110M=1 AIMAI.PINUMIMMON...61.11E11.14.

Student
Number
.111101:61.7.1=MPk

Trial 1

7577 vestibular
apparatus

7578 vestibular
apparatus 13.1

Lla Trial 2
MMIIIMIM,R1111MMM.M1111111WWW.SIN

9.1

7579 vestibular
apparatus

7580, vastibular
apparatus 107.6

31.4

7581 vestibular
apparatus 12.9

7582 vestibular
apparatus 13.5

a ,

In seconds

vestibular
apparatus 33.3

vestibular
apparatus 2418

;';



ANATOMICAL TERMS

These are terms that you should learn how to use, and spell correctly. You
already know many of them or you could easily guess their meanings. The pro-

cedure will be to have the computer lead you through the writing of the words
in pairs. Consider the word pairs as synonyms, antonyms, of words which are
used together. When you are ready to prc;eed, press: EOB

1. distal

2. deep

3. posterior

4. inferior

5. anterior

6. superior

7. central

8. internal

9. caudal

10. peripheral.

11. external

12. Foximal

1,3. para-sagittal

14. cephalic

15. ventral

16. coronal`

17. lateral

18. dorsal

19.. superficial

20. medial

21. sagittal

frontal

Write the,' "paired word" below.

111111MMMIMIII

alwImari.....warst .10111.111.1011117111111111111111111111.

.Im1,Mqm.M.m/IWIfrearirwOamIM.Fwl.1;IM..I......ANNINIOM

WW.....010/...

..a...Nowoaearsee.

emolooril .10.14....1......a............"=11.1;11, MINIM11*

/11711111111110..000................

'&
Fig. 29 Student Handout for SPA 430

(referred to in Sample Question 2)

'or

/411mONNIIM=1110111.11111.1111141111111111MMIMINEM

41
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bele guestion 27-Speech Pathology and Audiology

Sequence N. Label 92, Code Argument

bb-0010-210 qu 2:2. If medial 020) means
in the middle, what word on
your Hagdout means to the
side?

nx

fn kw//1

ca / lateral / 17

ty. Correct

fn tape//049

ty (line, feed)

fn tapAtingny

fIX

ad -1//c0

un Wrong. What word on your
Handout is also a term used
in football for a pass to
the side?

un On the sides oUgiographical
areas are 4atitudes. Try
again.

un- Try again.

....ipaSealigiggat 2. The programing in sample question 2 is

more complex` than that of the previous question. The student

is referredto his handout where he will find the answer to the

question presented vo him. In this case there are two possible



43

correct answers which the author!, were willing to accept, i.e.,

"lateral" or "17." 'The authors indicated this'in the program

by preceding the correct answer (ca) with a keyword (kw) func-

tion The keyword function requires only one of the correct

answer in the ca to be matChed; that is, either "lateral" or

`17.* If the student matches one of these two correct answers,

he.gets-the typeout (ty) "correct." The tape message is then

played for him, the paper in his, terminal is advanced with a

linefeed command, and the next question is presented. In the

event that he does not respond correctly, .1 is added to counter

0 and the first unanticipated (un) answer is typed out for him.

The crippiter checks the counters later In the program to deter-

mine appropriate remedial branching. The un tells him that

he is wrong and gives him a hint in regard to the correct

answer. In the event that he makes repeated wrong responses

to the question, the successive un' are presented to him.

After the fourth incorrect response, the final un is repeated

to him. Table 4.6 presents the responses and the response la-

tency of each student to this question. This analysis shows

that students made content errors rather than spelling errors,

as was the case in the preceding question.
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Table 4.6

Student Reiponses and Retponse Latencies
for Sample QUestion,2 from CAI

Speech Pathology and Audiology Course

Field Trial; Spring.1966-',

Student
Number , Trial 1

7577

7578

7579

7580

75.81.

7582

758:?

a
In seconds

superficial 106.5

lateral 19.7

distal 3.8

lateral 3.9

peripheral 95.0

peripheral 20.4

lateral 14.9

Trial 2

lateral 8.2

lateral 4.2

lateral 8.0

lateral 8.11



Question 3--Speech Pathology and Audiology"

,,,fence, No. Label gg, Code Argument

cc-0040-410 rd 345. Locate the kidney
shape in the upptr left
region of the medial wall.

fn wait//10"

ty (line feed)

qu 3 -14. This kidney shape is
the place where "sound"
enters the inner ear. What
does this kidney shape
represent?

nx

fn, kw//2

ca / oval / window / fenestra /

ovalis

ty. Correct. You might want to
label your Handout.

fn wait//5

fn kw//1

wa / footplate / base

ty The footplate of the stapes
lies within the kidney-shape.
However, the arch of the
stapes remains within the
middle ear cavity. The
kidney shape is intended to
represent a hole iwthe medial
wall of the middle ear, cayity.

`Try again.

nx

0.111.111! "40.4.11.41.11M
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Sequence No. Label' off, Code Argument

fn kw//1

rve / round / rotunda

ty This Handout has not distorted
the round window into a kidney
shape. You should know
by now that the round win-
dow is not the' main sound
conducting mechanism leading
from the middle ear to the
inner ear. Try again.

fIX

fn kw//1

wa / stapes / stirrup

ty The footplate of the stapes
fits into this kidney shape.
What does the kidney shape
represent? Try again.

un Dinl't let this Handout con-
fuse you, Following the
normal path of sound conduc-
tion, what kidney-shaped
opening "connects" the
middle ear and the inner
ear? Try again.

un This opening is a window.
Try again.

un The correct answer is:
oval window. Type this.

IniaQuestion, 3. The authors have anticipated two forms

of the correct answer - the common English name and the more

technical name - and have anticipated six wrong answers which

students might make. The question is presented to the student



and the system waits For the student to respond. If he responds

with any of the two words from the correct answer (ca), it will

be counted as correct. This ca is controlled by the preceding

keyword (kw) function which specifies that te4o of the elements

of the ca must match. If the student responds correctly, he

receives the typeout (ty) "correct," and the suggestion that

he might want to label his handout. The system then waits five

seconds as specified by the authors so that the student can

add the label to his handout. If the student does not respond

with the correct answer, the system checks to see if any of

the specified wrong answers (wa) have been given. If the stu-

dent response matches a wa, the following ty is presented to

the student and the system waits for the student to respond

again with the correct answer. As in the preceding question,

the authors have provided for three unanticipated answers with

the last one being repeated. for each succeeding unanticipated

answer. Table 4.7 contains material obtained from student

records in the system (1..nd indicates that all but one of the

students responded correctly on the first trial. One student,

after receiving the first u,n with additional information, re-

sponded correctly on the' second trial and then proceeded to

the next question. The reader should note the wide variability

in response latency among five students.

47
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Table 4.7

Student Responses and Response Latencies
for 'Sample Question 3 from CAI

Speech Pathology and Audiology Course

Field Trial, Spring 1966

Student
Number Trial 1 Lla ,Trial 2 L2a

7577 oval window o . 4r

7578 basal end of
the cochlea 98.3

7579 oval window., 7.2

7580 oval window 6.3

7581 oval window. 41.7

7583 oval window 135.1.

a In seconds

71111101001001111111110l°111.

oval window 26.9
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Sample Question 4 -- Speech Patholopy and Audiology

Sequence No. la5e1 Op. Code Argument

ii-0076-400 qu 9 -10. What end-organ is
affected by stopping and
starting motions?

nx

fn kw/11

ca /macula

ty Correct.

br qul//c1//ei/1

ad -1//c0

nx

ld 1//c1

fn pa0//32t//50

wa macula

un Wrong. -Try again.

UR Type: macula

rd

ld 0//c1

ty (line feed)

Simple glution 4. The authors used counters extensively

in this program to control the progress and branching of students

throughout the instructional strategies. A keyword (kw) func-

tion ii used to examine the first correct response "macula."



If a match occurs, the student receives the typeout (ty) "correct"

and control passes to the following branch (br) statement, which

commands the system to branch to the next question if counter 1

equals 1. If this condition is not met, control passes to the

add (ad) statement and -1 is added to counter 0 before branching

automatically to the next question. If the student's response

is not correct a does not match the first ca, the nx statement

after the ad statement takes control and immediately passes con-

trol to the next load (1d) statement. At this point, 7 is

loaded into counter I and control passes to the following pa0

function. The pa0 function is checking for the same response

as the original kw function specified except that it will ex-

amine the student's response in small segments and will require

only a 50 per cent match to meet the requirements of the pa0

function. If 50 per cent of the student's response matches the

stored "wrong answer," the pa0 function will type the correct

answer to the student and will require the student to type the

correct answer before proceeding with the course. When the stu-

dent responds this time, he undoubtedly will make the correct

response which will match the first ca. The system will then

test the br statement and the student will be branched to the

next qu because counter 1 equals 1.



Table 4.8
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Student Responses and Response Latencies
for Sample Question 4 from CAI

Speech Pathology and Audiology Course

Field Trial, Spring 1966,

Student
Number. Trial 1 Lla Trial 2 L2a

7577 crista 27.2

7579 macula 7.4

7580 crista 13.1

7581 crista 16.5

111110 11100111MMKIMMEIMY1111WIr

a
In seconds

maculae 29.0

Trial 3 L3a

maculae 22.6

otholithic
membranes 58.1 macula 9,0

11,111
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Sample Question 57.-Speech Pathology avid Audiology

Sequence No. Label a Code Argument

jj-0040-010 #s-51a

Anatomicav Slide: Schema of Cochlear Canal

labeled.

ty This slide shows a highly
diagrammatic cross section
of the cochlear canal. This
is the same as your Handout,
but with the parts labeleC
lotice that the cochlear
canal is divided into three

main parts: (1) the scala
vistibuli; (2) scala tympani;

and (3) scala media (i.e.,
the space inside the cochlear
duct).

ty (line feed)

rd Correct your Handout if

necessary. Make sure that
all parts are labeled,
When ready to proceed,
press E0B.

fn sb///nx1//a0///rmdone

rd

ty (line feed),,

ty Here are a couple of ques-
tions related to this area.

ty (line feed)

qu 10-i. Energy delivered into

the footplate of the stapes
would be delivered into

which scala?

kw //l
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Set.ume No. Label 02. Code Argument

ca /vestibul

ty Correct; (i.e., the scala

-vestibuli clnnects to the
vestibule and therefore to

the oval window area.) Refer

to the previous Handout:
Membranous Labyrinth to see
this illustrated.

fn wait//10

un Wrong. Your previous Handout:
Membranous %abyrint41 ought
to give you a ,lbit as to the

correct answer. Try again.

un Type: vestibuli

Sawa utin 5. This question begins with an author

comment which is indicated in the label field by the number.' syi

bol (#). This comment appears in the compile listing only and

enables an author to insert reference comments related to specific

functions in the course. The'course continues with a ty state-

ment to the student which presents information in a sequenced

way. The following ty statement is a linefeed command which

causes the student's terminal to advance the paper a single or

double space for formating purposes. This function enables the

author. to structure the physical layout of the material which

the student is receiving, A read (rd) statement is then pre-

sented to the student which instructs him to check his handout

and see if it is labeled properly. The next function branches

SNOWIWOr
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to a subroutine (sb///nx1//a0///rmdone) and then returns to. this

question to check on certain conditions of the student's counters

and his progress. Another linefeed is then activated and view

material related to this area is started. The question (qu) is

then presented and the system waits for the student to revrmd.

The authorl have anticipated only one correct response to this

question. If the student makes this correct response, he re-

ceives the typeout,(ty) which informs him that he is correct

and,refers to a previous handout. The system waits tel seconds,

as specified by the authors, and then proceeds to the next

question. If the student responds incorrectly, he receives

the .unanticipated (un) response "wrong" and is referred to a

previous handout, On his second incorrect response, he is given

the correct answer and instructed to type it. Table 4.9 indi-

cates,that only one student responded correctly on the first

trial, one student responded correctly on the second trial,,

oneon the third trial, and one on the fourth trial.
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1

Results of Field Trial

Table 4.10 presents the posttest and retention test scores

for students Who participated in the field trial of the speech

pathology and audiology material. Since the retention test was

administered the term following the field trial, some students

were 'not available to take the test because they were graduated

at the end of the term, withdrew or transferred from Penn State.

Table 4.11 presents the mean and standard deviation on the post-

test and retention test for each group. A one-way analysis of

variance on the posttest scores was performed. The results of

this analysis are presented in Table 4.12.



Table 4.10

v7pierwwwwityping

Posttest and Retention Test Scores
for Speech Pathology and Audiology Field Trial

Spring, 1966

.110,.1...111.
.0.11=01.......6X8=1.C.I.M..4.

Posttest

44.44=4=44.
440444441!4444M4M.140MMMIP4114.40

Retention Test

Self-Study. Group

1

2

3

4
5

6

7

Lecture gran

105
55
83
80

108
89
75

8 91

9 88
10 102
11 92
12 92

13 91

14 11.4

CAI Group

10
22
29
36
39

29
49

26

MI .

7577 104 30

7678 56-

7579 99
7580 8.8 31

7581 75 21

7582 72
7583 89 00

al14.101444404110444601111=1414110114 1411041114014010
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Table 4.11

Mean and. Standard Deviation for Each Group
1

in the Speech Pathology and Audiology Field Trial
Spring Term, 1966

Lecture
Only

Self-Study CAI

Posttest

Mean

S. D.

Retention Test

Mean

S. D.

95.71

9.18

14.86

19.89

85.00

18.14

19.43

16.33

83.28

16.69

11.71

14.95

Table 4.12

One Way Analysis of Variance on Posttest Scores

for.. Speech Pathology and Audiology Field Trial

Spring Term, 1966

Sum of Mean

Source d.f. Squares Square F-ratio

Treatment 2 635.14 317.57 1,37

Error 18 4150.86 230.60

Total 20 4786.00



CHAPTER V

INTRODUCTORY MANAGEMENT ACCOUNTING

(Joe J. Cramer, Jr. and Carl R. Palmer--Course Authors)

The management accounting course (mana) developed for CAI

is forMally classified as the basic management accounting, course

at The Pennsylvania State University. The completed course for

CAI was based on twa major sourk:es of data. Certain portions

of the course were, drawn from text materials adopted for cur-

rent use at Penn. State. Appreciation is expreised to McGraw-

Hill Book Company, Inc., I. Wayne Keller, and William L. Ferrara

(publisher and authori of the second edition of Miousment

Accounting for Profit Control) for granting permission to use,

these materials in this research project. The second source

was "Supplementary Reading Assignments" written by the course

authors for the purpose of expanding and clarifying important

accounting concepts and procedures. The 4jective of the

teacher of the, basic management accounting course - whether

a CAI system or: the _traditional classroom.lecture - was to pro-

vide an opportunity for each student to gain exposure to:se-

lected theoretical: aspects of management accounting theories

and their role in management planning and control coupled, with

_siiulated practical experience (homework problems) which, hope-

fully-, .reveal advantages and disadvantages of both conceptual

observations, and practical applications._

59
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Development of Course for Compute' Presentation

Implicit it the Oreiious comments is the fact that manage-.

ment accounting data are vital to decition-making for profit

optimization. Consequently, information which facilitates cost

control (with implications for cost reduction) is' the sine qua

non on,Whi.cil a management accounting system rests. The com-

pleted course includes th&following topics

I. IntrodUction to Management Accounting

A. The responsibility of accounting and dual
posting concepts in relation to cost accumu-

lation for (a). control and:(0,income
measurement permeate the entire course.

Distinction between accounting procedures
..for- merchandising- and manufacturing firms

IL, The COst-Actounting-Cycle (accounting for
matertats,,labor, and _overhead)

"

III. Basic Cost Accounting Systems,(historical and
standard-costing systems).

A. 'qObOrder Costing

Orocest'COiting

IV. 'Control of Manufacturing Costs (classification
of costs as fixed, variable, and semi-variable
for control-OUrpotet and usefUlness-' of the

flexible budget technique for control of
fictory overhead costs)

Since the project began, cu'ir-riculuM changes were instituted

by We'Accounting department, sote of which were incorporated

in the' Cps management accounting: course.

Nine segments were prepared for CAI° Necessity for exten-,

live revisions of the cost accounting material was'tracecUto

five major factors, which are briefly explained as follows:



Modification, of original Elan to boss the course exclu-

shrely on text adopted for classroom use. The revised course

included assignments based on two introductory cost accounting

textbooks. The Keller-Ferrara (1966) text was adopted for use

at The Pennsylvania State University, and the Horngren (1962)

text served as an important reference for students participating

in CAI. Utilization of selected chapters of a second text

served two purposes. First, the selected chapters of the Horn-

gren text either complemented and expanded parallel chapters

of the Keller-Ferrara text or provided clarification of concepts.

Second, several case problems from the Horngren text were used

to provide simulated practical applications of cost accounting

data.

Remaining portions of the materials ("Supplementary Read-

ing Assignments") were accumulated and/or written specifically

for the CAI field trial and were circulated in mimeographed

form to participating students. A sample of this material is

presented in Appendix E.1. Such reading assignmeats were pre-

pared for the purpose of expanding and clarifying certain im-

portant accounting concepts and procedures which empirical evi-

dence suggested were not readily comprehended by many students.

Thus, the cost accounting CAI course represented a comprehensive

set of instructional media encompassing the items described

above and additional assistance for students as described in

the design of the field trial.
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Revision based on review of suip,u4.(0,er mintouts of students

used in testing the original program. Many of the revisions

incorporated in the course were made as a result of intensive

review of students' terminal printouts, For example, additional

acceptable answers and sufficient hints to "lead" students toward

correct or acceptable responses were incorporated in the course.

These revisions were immeasurably facilitated as a result of

improvements in the Coursewriter language, which provided flexi-

bility in the ability of the hardware for processing student

input, Where applicable, new Coursewriter functions and oper-

ation codes were incorporated in the revised course.

Inclusion of additional Rroblem materials and quizzes,.

Incorporation of meaningful progress evaluation schemes for

the student was another factor influencing course revision.

The evaluation sequences were programed in a manner similar

to "quizzes,>" The purpose of this aspect of course revision

was to highlight computer-assisted instruction as a tutorial

device which is sensitive to individual differences among stu-

dents. Evaluation sequences, therefore, were presented as an

instructional device designed exclusively for diagnostic pur-

poses and not as a measure of achievement. This technique was

used to prompt student review in cases where remedial work was

indicated, to correct unsatisfactory progress, and to clarify

misconceptions. Throughout the revised course, primary reliance

was placed on the student to determine the extent to which
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remedial materials or reviews were needed. The course used

extensive branching, but no effort was made to "force feed"

materials to the student. A significant level of preparation

of each assignment was assumed and required prior to each session,

with the computer.

Additional case problems were included so that the student

could acquire a form of simulated experience in applying theo-

retical concepts discussed in assigned reading materials. Case

problems were provided prior to computer sessions so that stu-

dents could read appropriate materials and prepare solutions

as component parts,of each assignment. A sample of these is

presented in Appendix E.2.

Influence of curriculum changes on course revision. The

management accounting course underwent substantial changes in

purpose, orientation, and content' since the project was initiated

in April 1964. Curriculum changes instituted by the accounting

, department changed this course from fifth to second in a series

of introductory accounting courses. 'Additional course content

relating to broader management uses of accounting data were in-
,

eluded, along with an introduction of the budgetary planning

process. Since the course became a requirement for aftstudents

in the toluste of Business Administration, students are more

evenly distributed among accounting majors and non-accounting

majors. these changes required very extensive revision of the'

original CAI course.
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Reaction of Students. The following comments are based on

observations of students who tested parts of the cost accounting

program during fall term, 1964. Fifteen students who were con-

currently entolled in the course for college credit volunteered

to serve as subjects. Portions ,of segments 1, 2, 3,. and _6 of

the program were tested. Students indicated that they were int-

tially fascinated by CAI and impressed by the large degree of

student independence which characterized the learning situation,

as well as the ability to proceed at their Own pace. Three stu-

dents informed the course author that for the first time during

their college careers they were able to ask meaningful questions

in class as a result of reviewing terminal printouts.
1

In addi-

tion, students expressed great satisfaction for being given an

opporttinity to participate in a curriculum development project

with their classrocim instructor. This type of stUdent-teacher

association (at the larger university) is usually limited to

the graduate student.

Several students `became bored after having Worked at the

terminal for a few sessions. DiScusSions with these students

revealed the following reasons for this situation: Inability

to-proceed at the same pace as formal Classroom assignments be-

cause of constraints.on.computer time andtaidtlities, and neces-

sity to, in effect, prepare 'two" assignments - one for actual

1 These observations may not be applicable in situations
where students are exposed to CAI only.



course credit and the other for the research project. Demands

on students' time in view of enrollment in other courses thus

accounts for part of this reaction. Some stude,ts expressed

concern relative to exposure to a new teaching medium or Ina-

bility to type as proficiently as they would have liked, coupled

with the mere idea of having to "operate a machine." Most stu-

dents subsequently adjusted to CAI if they were permitted to

work alone, and if help was available in case of difficulty with

hardware and course content.

Field Trial

A field trial of the CAI management accounting course was

conducted during the spring term, 1966. The purposes of the

study were twofold: -1) to investigate the problems involved

with providing CAI experience for a number of students on a

regular basis for academic credit, and 2) to gather data for_

improving the course based on student responses and reactions.

Random Assigmnent of Students. The 36 students who enrolled

in Accounting 102.8 were stratified into three levels on the

basis of examination grades from the prerequisite course Account-

ing 101. The students in each of the stratified groups were

then randomly assigned to one of the field study conditions -

lecture, self-study, or CAI. Five of the students dropped the

course shortly after it started. Eight students remained in

the self-stndygroup, 10 students in the CAI group, and 13 stu-

dents remained in the lecture group. All students received a

copy of the Course Outline for Accounting 102 (Appendix E.3).



Lecture Grim. The 13 students assigned to the lecture

group met with the professor three periods (75 minutes each)

weekly. This segment of the class group was taught according

to the standard proceduns used by the professor for a lecture-

discussion class.

Self-Study grom. Eight students were assigned to the self-

study group. These students met in the lecture group one period

each week with the professor and were assigned to the Curriculum

Materials Center for two periods each week. Appendix E.4 in-

cludes a list of related materials available in the Curriculum

Materials Center. Table 5.1 indicates the amount of time spent

in the Curriculum Materials Center by each student who was as-

signed to the self - study, group. The students were not informed

that a record was being made of the amount of time they spent

in the Center, nor was this time used to evaluate the students

in any way. It merely indicates that some students spent con-

siderably more time than others in using the specific references

placed in the Center.

CAI Group. Ten students were assigned to the CAI group.

These students met with the professor and the rest of the class

one period each week and were assigned time at the CAI terminal

for approximately two periods each week. Appendix E.5 contains

a sample of the program with slides and tape-recorded messages,

and Appendix E.6 contains samples of static displays.
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Table 5.2 shows the structure and amount of course material

stored in the computer. The course is segmented into chapters

for ease of handling at the Computation Center; however, a stu-

dent taking the course goes directly from one chapter to the

next if he so desires.

Table 5.2

Structure of CAI Management Accounting Course

No. of
No of Tape-

Coursewriter No. of No. of Recorded
Chapters TRTFURTEFF Questions Slides Messaget
elM11=nelen11

1

2

3

4

5

8

9

Total

No.of
Static
Displays

936 62 39 28

238 9 9 6

1006 82 --

800 33 6 --

556 29 5 --

1046 10 8 ..

946 81 __ --

435 29 ... --

593 88 ... ..

6556 423 67 34

6

1

23



Table 5.3 shows the time spent on computer terminal by the

students in the management accounting CAI group.

Time Spent on Computer Instructional Terminal

in the Management Accounting CAI Group
Field Trial, Spring 1966

Dates

Student Beginning-Ending Time

Numbee 1966 Hours-Minutes

Average
Hours/Week"

Hours-Minutes

6752 4/4 - 5/25 16 6

7326 4/4 - 5/26 18 39

7327 4/4 - 5/23 12 43

7328 4/4 - 6/1 20 3

7329 4/4 - 5/19 18 21

7330 4/4 - 6/1 21 10

7331 4/5 - 5/11 12 50

7332 4/4 - 5/31 27 57

7333 4/4 - 6/1 26 8

7334 4/4 - 4/28 9 10

Total Time - 181 hours

Average time per student - 18 hours and 8 minutes

2

2

1

2

2

2

1

3

3

.1111111.0011/1/110

1

20

:35

30

18

38

36

29

16

9

aCalculated on the basis of maximum number of weeks (eight)

on terminal by student from the group.
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Table. 5.4 shows the character and operand code count for

five representative, selected questions from the course, On

the basis of the information from these five questions, it is

estimated that for the 423 questions and related instructions

in the course, there are approximately 377,700 characters in

computer storage for the nine chapters.

The entire question and related materials for each of

these sample questions presented on the following pages.

Following each quesCon and related material is a table which'

shows thi attempts which each student made-to answer that ques-

tion and the response latency for that trial. This information

was obtained from student record analyses from the computer and

is representative of one of the benefits that an author can

derive from the computer in revising and updating course material.
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Sample Question 1--Management AcCounting

Sequencestio. Label 02 Code Argument

03-0110-000 int3-9 qu For control purposes, data
must be, accumulated by

. Fill in.

ca areas of responsibility

ty Correct.

nx

fn pa0//853//90

ca areas of responsibility

ty Correct.

nx

fn pa0//853t//50

wa areas of responsibility

ty Correct your errors; try again.

un Remember the definition we
gave you a short time ago?
It must relate to areas of

un areas of responsibility

Sample Question 1. This question is a completion question.

The authors have anticipated only one correct answer but hive

provided several muans for processing the student's answer.

The first correct answer (ca) "areas of responsibility," must

be matched exactly by the student in order to receive the

following typeout (ty) "correct." If the student's response



does match the cat the student receives the ty and proceeds

to the next question. If the response does not match the stored

ca exactly, contro' passes to the next function which is the

partial-answer processing (pa0) function. The authors have

determined that the student's response must match at least 90%

of the ca in order to be counted correct. The computer will

examine the student's response first using a string lensth of

eight characters and then five characters and then three char-

acters to make this decision. If this condition is not met,

control passes to the next pa0 function in which the authors

have specified only a 50% match with the stored "wrong answer

(wa)." If the student's response matches 50% of the stored

wa, the student will receive feedback from the pa0 function.

The computer will type those portions of the student's response

which were correct and dashes for those which were incorrect.

In the event that the student's response does not meet the 50%

criterion, he then is presented with the unanticipated (un)

response in which he is prompted and then again presented with

the question. If upon responding again to this question he

does not meet the 50% criterion, he is presented with the fol-

lowing un which simply gives him the correct answer to the

question.

Table 5.5 showi the responses made by students to this

particular question, and the response latencies as recorded

in student records. Seven of the nine students made the correct
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response on the first trial. One of the remaining students

made the correct response

remaining student made a spelling error in his response which

meant that he had to type it again on 'the third trial.

on the second trial, and the-other
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ample, Question 2- -Management Accounting

Sequence No. Label Qp, Code , Argument,

03-0450-000 st3-4 qu . What is the combination or
summation) element?

ca factory overhead

cb overhead

ty Correct--factory overhead

nx

fn pa0//543r//85

ca factory overhead

ty Correct

un Incorrect; it's factory
overhead. Type it in.

Sample Question 2. This question presents a slight varia-

tion in programing to achieve similar results. A correct answer

(ca) is followed by an alternate correct answer (cb) which in

turn is followed by a typeout (ty). This sequence will cause

the same ty to be presented to the student whether he matches

exactly the ca or the cb. This flexibility saves a great deal

of clerical time, author's writing time, and computer storage

space by not having to repeat the a statement for each correct

answer. The partial-answer processing (pa0) function contained

in this question also uses a variation within the system. The

543 sequence in the function indicates the string lengths that



the system will use in searching the student's response to

compare it with the stored correct response. The r following

this string length means that if the 85% correct criterion is

met the feedback to the student will' consist of correct portioqs

typed in black and incorrect portions typed in red: AsOs

standard procedure, the last operation code in the gu block is

the unanticipated answer (un).

Table 5.6 shows that eight of the nine students responded

to this question correctly on the first trial. The ninth stu-

dent made a spelling error which could have been counted correct

if the authors had decided to change the criterion level of the

pa0 function. The need for changes like these become quite ap-

parent after student records have been analyzed. With this

present CAI system, a change such as this can be made easily

and hence a course can be updated regularly on the basis of new

information derived from student records.
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Table 5.6

.

Student Responses and Response Latencies
for Sample Question .2 from CAI
Management Accounting Course

Field Trial, Spring 1966 ,

Student
Number Tri al 'I Lla Trial 2 L2a
....................

...._,.......

6752 factory ^14,1"k^...."uftA....mu 7.0

7326 factory overhead 10.2

7327 factroy overhead 11.3 factory overhead 9.8

7328 factory overhead 9.0

7329 factory overhead 11.0

7330 overhead 19.0

7331

,

factory overhead 8.4

7333 factory overhead 7.6

7334 factory overhead 8.7

. ,

a
In seconds
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Iample Question 3--ManagementAccounting

Sequence No. Label op. Code Argument

03-0980-000 en-7 qu If the following are three

of, the four parts of the
credit portion to entry C 0,

what is-the fourth part?

federal income taxes
payable 15000.00'

6".,tocial security taxes

payable 3000.00
t;

cr...union dueS payable,1000.00
4,

ca cr. cash 92000.00

ty Correct
t4

nx

fn pa0//853//85

ca cr. cash 92000.00

ty COrrict

un Meluive to pay out'casb
don't: we?

un cr. cash 92000.00

Sample Question 3. The authors have followed the same,

procedure with this question as with the previous question

However; the responses the students made to this question (Table

5.7) indicate that the response behavior of the students was not

as controlled as was indicated for the other questions examined

in this course. Some studepts required five trials before making

the correct response.
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Sample Question, 47-Management Accounting

Sequence No. Label a Code Argument

04-0380-000 int4-28 qu Who requisitions the mateiials
and therefore controls or has
authority to control the
obtaining of materials from
the stockroom?

ca foreman

cb foremen

ty Cprrect.

nx

fn pa0//43r//80

ca foremen

ty Correct.

ran Incorrect. Try again.

un Didn't we go over the point
earlier? The foremen
in the production departments
are authorized to issue
materials requisitions.

Sample guestion 4. The authors have provided for two cor-

rect responses to this question. If the student makes either

of these correct responses, he will get the feedback "correct."

The author has also provided for some degree of misspelling by

using the paC function with criterion level of 80%.. If a stu-

dent does not reach this criterion, he receives the first un:

on the second trial if he still has not reached the criterion



level, he receives the second An which contains the correct

answer. Table 5.8 presents the student responses and response

latencies for this sample question in the management accounting

course. :In checking this portion of Student records, Student

7330 presented a slightly, different problem. On trial 1 he made

a correct response; on 4Hal 3 he made a correct response with

an incorrect response on trial 2. An inspection of the times

and dates recorded in student records revealed that the student

responded correctly to this question 'the first time and then

signed off. He returned the following day to continue with his

study. In the event that a student signs, off in the middle of

segmt ?t and then Continues at a future time, the fact question

presented to him before sign-off will be presented again at the

beginning of the next sign-on of that segment. This provides

a slight amount of-overlap in the work that a student't!aes in

the program but also provides some review for the student who

is signing on to the prograM.
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Sample Question 5--Management Accounting

Sequence No. Label pi. Code Argument

03-1000-000 en-9 qu What is the debit portion of
entry d o?

ca dr. factory overhead 17000.00

cb dr. factory overhead control

17000.00

cb dr. ovcrhead 17000.00

ty Right

nx

fn pa0//853//85

a de. factory overhead 17000.00,

ty Okay

fn kw//3

wa dr., factory , overhead,,

ty The account is factory over-
head, what is the amount?
Remember entry b 42 and the

fact that total factory over-

head per the statement is

28000. Type the entire debit

portion of the entry as

your answer, please.

Sample" uestion 5. This cmestion presents an example of

the problems involved with programing for multiple word answers.

The first' correct answer (ca) and the first and second correct

answers (eb) provide .the exact answers in storage which the
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stu.4ent might be able to match. However, it is very unlikely

that a student would enter this response oxactly as the

had planned it to the extent of changing abbreviations or spac-

ing or even the order of the elements in the answer. Therefore,

the author has provided two other processing functions to allow

variation in student responses. The first function (pa0) pre-

sents the same answer in the following ca but requires only an

85% match with the student's response to be counted as correct.

This function in addition to allowing variations in the Sequencing

of the elements in the response would also allow for slight mis-

spellings within any of the elements. The following function

(kw) allows for the changed sequence of the three elements but

will not allow for any misspelling within the three elements.

It is apparent from the student records presented in Tables 5.9

that the author is allowing some responses to be considered

correct which essentially are not correct. The partial-answer

processing requiring only 85% match allows enough flexibility'

in the student response that the $17000 does not have to be

matched precisely. Student 7328 entered $18000 and was permitted

to proceed to the next question. Likewise, student 7331 entered

$13,000 and proceeded to the next_questiOn. At this point the

authors are more concerned with the concepts involved in management

accounting rather than in the specific details of amounts and

values.
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Results of Field Trial

The criterion measures on each of the students in.the manage-

ment accounting field study are presented in Table 5.10. Because

some.of the students involved in' the field study were graduated

at, the end of the term, withdrew or transferred from. Penn State,

retention test could, not be administered and scores'are not

available.



Table 5.10

Criterion Measures if Students
in Management ACcOunting Field Trial

Spring Term, 1966

Immir.111/11maarrolao'

Exam Exam Home- Final Retention

Student' I work Grade Test

Self-Study.
Group

1 B D F C

2 F F F F

3 C F F D

4 D F F D

5 D Cu A C

6 F F F F

7 C C- F C

8 D D- F D

Lecture

in-P.161

9 C C- A B

10 D D- F D

11 B D F C

12 A A A A

13 B m a* F C

14 F X F X

15 C C- A C

16 F C- A C

17 D D+ F D

18 B D- F C

19 A C- F B

20 F F F F

21 F WF F WF

CAI Gam
6752 F F F F

7326 D D F D

7327 F D+ F D

7328 F D+ F D

7329 F F F

7330 F F F F

7331 C D F D

7332 B C- F C

7333 F F F F

7334 A C- F B

50
27

26

36
27

50
15,
MO MO

8

80
28
33
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CHAPTER VI

ENAINEERING'ECONOMICS'

(Carl R. Moss and David A. Gilman--Course Authors)

The engineering economics (engecon) course prepared, for

CAI was for advanced undergraduate and graduate students pre-

paring for careers in industrial engineering, other engineering

specialties, or business. The course included problems in in-

vestMent, equitable return, and cost methods of analysis.

The CAI program for engineering economics utilized visual

material in the form of slide presentations . However, the princi-

ple c'omponents of the course were static displayi and student-

compUier- interaction.

The strategy .of instruction for the program used the fol-

lowing basic assumptions:

1. The solution of numerical problems is both an
aid to and an indication of understanding of
'economics concepts.

Remedial instruction should be contingent upon
the type of error madeiby the student.

Active participation by a student produces a

more effective learning experience.

KnoWledge of 'one's progress contributes to

effective learning.

The engineering economics CAI course underwent substantial

change in orientation and content in preparation for the field

trial. Some display material was converted to slide presenta-

tions. Partial-answer and keyword functions were added to



make the course more flexible. Still, there were some instances

in which the student did not react to questions in the manner

that the authors had anticipated. The experience gained by the

authors in this regard emphasized the necessity to phrase ques-

tions so that the intent of the author is clearly communicated

to the students.

Field Trial

A field trial of the CAI engineering economics course was

conducted during the summer term of 1966. The purposes of the

study were twofold: 1) to investigate the problems involved in

providing CAI experience for a number of students on a regular

basis for academic credit, and 2) to gather data for improving

the course based on student responses and rk;actions.

Random Assignment of Students. The 20 students enrolled

in the class were randomly assigned to one of the field trial

conditions - lecture, self-study, or CAI. All students enrolled

in the course received a copy of the course outline, which

appears in Appendix F.I.

Lecture Group. The seven students assigned to the lecture

group met with the professor three periods (75 minutes each)

weekly. This segment of the class group was taught according to

the standard procedures used by the professor for a lecture-

discuss on class.

siloisImax gum. Seven students. were assigned to the

self-study group. These students met in the lecture group one
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period each week with the professor and were assigned -to the

Curriculum Materials Center in the College of Education or the

Engineering Library two periods each week. The special reference

materials which were placed in these locations for individual

study are listed in the course outline for the course (Appell-

dix

CAI Group.. Six students were assigned to, the CAI group.

These students met with the professor and the rest of the class

one period each week and were assigned time on the CAI terminal

for approximately two periods each week, Appendix F.2 conttni

a sample of the CAI engineering economics program and includes

samples of the slide display and tape messages in the program.

Table 6.1 shows the structure and amount of course material

stored in the computer. The course is segmented into chapters

for ease of handling at the Computation Center; however, a stu-

dent taking the course goes directly from one chapter to the

next if:he so desires. Table 6.2 shows the time spent on in-

structional terminal for the students in the engineering economics

CAI group.

Table 6.3 shows the character and operand code count for

five representative, selected questions from the course. On

the basis of information from these five questions, it is esti-

mated that for the 794 questions and related instructions in

the course, there are approximately 396,137 characters in

computer storage for the six chapters.
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Table 6:1

Structure of CAI Engineering Economics Course
Field Trial; Summer 1966

.11110111/11..0101111111MON.M.111=41e.011=1

NO. of No. of
Coursewri ter No of No. of Tape

Chapter tructions Qu's Slides Messages
11011111.

No. of
Static

Displays

engecon101 356 20

ee2 1142 173,

ce,3 961 78

engecon104 769 61

engecon105 589 51

engecon106 323 403

Total

5 7 8

11

22

7

11

2

4140 794 5 7 61

Table 6.2

Time Spent on Computer Terminal by Students
in the Engineering Economics CAI Group

Field Trial Summer 1966

Student
Number

0028

0031

0037

0125

0961

0967

Dates
Beginning-Ending

1966
Time

Hours-Minutes

Average
Hours/Weeka

Hours-Minutes

6/29 - 8/9

6/29 - 8/10

6/29 - 8/2

6/30 - 8/9

6/27 - 7/21

6/28 - 8/2

13 33

8 31

17 6

12 22

9 23

10 59

2 16

25

2 51

2 4

1 34

1 50

1

Total Time - 71 hours and 54 minutes
Average time per student - 12 hours

a Calculated on the basis of maximum number of weeks (six) on
terminal by student from the group.
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The entire question and related materials for each of these

selected sample questions are presented on the following pages.

This field trial was conducted partially on the 7,010 computer

located at the T. J. Watson IBM Research Center in Yorktown

Heights, New York, and partially on the .1410 computer located

at the Compute on Center on Penn state Campus., Therefore some

of the data which is normally available from student records

were not available for this field trial. Foliowing each ques-

tion and related material is a table which shows the attempts

which eact student made to answer, that question.

example of the benefit that an author can derive from the com-

puter for revising and updating course material.

.m...11110MISt
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Sample Question, 1--Engineering Economics
.

Sequence No. Label os Code Argument,

rd Why is accounting important
to economic analysis? Write
a statement or list on a
piece of paper. When you
are finished (EOB).

rd.

ty Your statement should be
something like the following:
Historical cost data, assets,
liabilities, and ownership
are found in the accounting
reports of an organization.

Small Question 1. This particular question has a unique

value; it demonstrates that essay questions can be presented

in CAI. Even though the author does not get specific data on

the student's response, the student does gain some benefit by

being questioned and responding in a free form. The computer

system cannot accommodate a response of more than 99 characters;

therefore, no student records were available on the responses

to this particular question.



Sample Question 2--Engineering Economics

sequence No. Label gs. Code Argument

1-9 qu On a short run order of 1,000
pieces, it requires ..2 hours
of labor at $2.50/hr. to
fabricate a part at the
bench. This same product
can be fabricated in 1 hr.
if a jig is made to aid in
its production. Now much
can be paid for the jig,
the product still not costifig
any more, if material and
all other costs 2emain the
same?

nx

fn1" kw//2

ca #$#250Q 12500.U-500 #2,500
#2,500.#olltm

Very goOcL' 12,500 repriStnts'
the,break-evek point;, that-

if Jig did COst1S2,500''
It would cost as much to
produce, the 1,000 pa-rts' S

without the jig as with the
jig. :42,500-is the, maximUm
that could be paid for.the.
jig without increasing
duction costs.

hr 1-10

nx

fn kw//1

wa #2500 #2,600 #2500.#2,500.

ty Incorrect. Be sure to type
both number and units.
Also, be sure to space
between number and units,
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Sequence No. Label op Code Argument

b 1-9-1-1

un Your answer is incorrect.
Try again.

un Incorrect. Hint: The
break -even: point of both
alternatives will give you
the amount you can pay for
the jig. Try again.

un The correct answer is
$2,500. Type $24500.*

Sample Question 2. Question 2 illustrates some of the

problems involved in processing numerical answers. The correct

response is processed using a keyword (kw) furiction. The *func-

:

tion specifies two key words which the student must match. The

following correct answer (ca) includes all of the forms of the

correct answer which the author is willing to accept. One of

11 %.' correct words which the author is assuming will be present4

is either the dollar sign or the word dollars spelled out. The

other key word the author is expecting is 2500 written in the

various forms which it might assume with the variations of

decimal points and commas. If the student matches two of these

key words, he receives the following typeout (ty) a;'.d is branched

to ,the next question. The author has also anticipated a wrong

INNmimb

*N.B. Material in italics indicates this will appear in

red on the printout.
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answer (wad which he asst ties will be the absence of the unit,

sign of the numeral. If the student omits the unit sign, the

author tells him that he is incorrect and to include it. The

author has also provided for three unanticipated responses which

the student will receive in succession.

Table. 6.4 presents the responses which students made to

this question. Three of the five students made a correct re-

sponse the first time. One of the remaining students required

three trials to get the correct response and the remaining stu-

dent required four trials to get the correct response. It is

interesting to note that student number 0967 on his fourth trial

imbedded the correct response within a sentence. Because the

program was written to incorporate the keyword function, the

key word, i.e., $2,500 was taken from the student's answer and

accepted as correct by the system.

N.II.M.M.116.01=1.001W
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Sample Question 3-41n§ineeang Econonfts

Sequence No. Label 9p Code Argument

rd Read paragraph 03-17. (EOB)

c17-2

qu How would you write the
equation -for the general
case of the cost function?

nx

fn kw//5

ca #0/=#mg#Mg#mG#MG#01)

ty Good.

nx

fn kwo//5

wa

ty This is, the generalization
for a straight What
would y, and x bein :the
cost function 14 :T/y, again.

Hint: substitute q
for y and x in the general
equation for:a straight
line.

un

un The correct answer is
C. + mg + b.

br c17-3

Sample. Question 3. This question illustrates another im-

portant variation of the keyword (kw) function. In numerical

responses it is often very important that the key word elements

ci

9
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appear in the proper sequence. The system incorporates the func-

tion called keyword order (kwo) which will check not only for

presence of key words, but also for the order of, these ke, words.

Following the kwo function is the correct answer (ca) with which

the funfAion will compare the student's response for processing.

Delimiters must be used to separate the individual words or ele-

ments considered to be words when the kw function is used. In

this example the dollar sign has been used as a delimiter. Any

characters which occur between dollar signs are considered to

be one key word. It can therefore be seen that in this example

there are eight key words of which the author is requiring only

five. The student must respond with the following key words

in the proper order regardless of whether they are uppercase or

lowercase characters and regardless of whether or not spaces

have been inserted between them -- c = mg + b.

The student records for this question (Table 6.5) indicate

that even with the planning done by the author, the, students

encountered considerable, difficulty in responding correctly to

this question., The author has provided for two unanticipated

answers (un) and following the last one, which informs the stu-

dent of the correct answer, the author has automatically branched

the student to the next question.
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lamale Malian 4--Engineering Economics

Slunge,, No Label gg, code _.resent

e9-7 qu What is the present value of
the capital recovery plus
return on investment of, the
second year of the sum-of-
digits method of deprecia-
tion?*

nx

fn ic/i6
ca $2783.03

ty Correct.

nx

fn is//7

ca $2,783.03

ty Correcto

un Incorrect. The desire
value is found by:

ty $3127 (0.8900) = $2783.03

ty, Give the correct answer.°

un Try again.°

un The correct answer is:
$2,783.03. Type $20788.03.

Read the last page of
paragraph 05-09. Then
press EOB.°

°Indicates a programed ribbon shift command which cause's;

student's response to be typed in red.
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;Lunn 4. This question illustrates two in*-

esting strategies: 1) ribbon shift to cause the student's re-
,

sponses-to be typed in red and 2) initial charaitr proCessing

for numerical responses. The author has under his control the

color of the ribbon,which will be used to type responses and

material for the student. By, providing a ribbon shift command

at the end of each sequence which is to be typed by the system,

the author can cause all student responses to be typed in red.

The ribbon shift command consists of two characters, one non-

printing character identified "prefix"-followed by either a

(meaning shift to red) or b (meaning shift to black). The argu-

ment for question 4 is followed by the non-printing "prefix"

and the character A. The, ty following the first un and the

second un are both followed by the prefix a characters which

change thefribborecolor to red and give control of the terminal

to the student. The ribbon shift feature is also illustrated

in the final un and in the following rd statement. In each case

the student is told to press EOB, whiCh is the signal to the

system that the student is ready to proceed; and the EOB is pre-

_

ceded by a"prefix a" sequence and followed by a "prefix V

sequence. This causes the, ribbon to shift to red before "EOB"

is typed and then shift: to. black for the following typing. This

flexibility is quite desirable when the author wants the student

to type a particular,response or to respond, in a particular way.

Authors have encountered problems occasionally when other techniques

promegrue.



were employed for Indicating a particular and specific response

that-the student should make. For example, some authors-have

tried underscoring the particular response the student should

make and others have tried enclosing that specific response in

quotation marks. The results of these attempts were that if

the author had underscored the answer, the student would under-

score the answer; or if the author had enclosed the correct

answer in quotation marks, the student would enclose his response

in quotation marks. In most cases, because'of the Inclusion of

these, extra characters, the response will not be accepted by ,the

system is a cori-act response. The ribbon shift feature has the

advantage of presenting the response exactly as it is to appear

except for color over which the student has no control.
'

The second interesting feature of this sample question is

the initial character (it) function. The first'ic, function

specifies six characters which must match. This function is

followed by the ca upon which it is processin"g. The figure 6

in the it fvction specifies that the system will match the stu-

dent's revponse only to the_first six characters of the stored

ca In this case it means that the system would ignore the last'

two characters, 03. The following ic function specifies seveni

ch4racters which must match. This function will alsO ignore'

the 03 (three cents) at the ehd of the response but allo*s the

stident,to include a comma separating tlie hundreds and thous'vads.
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Student records for this question (Table 6.6) "indicate that,

it wasa relatively"easy question for the students to answer

and that the initial character functicn was operating to good

advantage.

Student
Number
Iftworlftinal.m1Mmpalffit

0031

0028

0097

0125

1035

Table 6.6

Student Responses for Sample Question 4

from CAI Engineering Economics Course
,Field Trialt Summer 1966

Trial 1

$2783.03

42783

2780

$2374

$2783103

Trial 2

$2783.03

2783.03m-

$2783.03
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Sample, %Lest:Ism 5--Engineering Economics

Sequence No, Label 02, Code Argument

f105-01-20 rd

ty 06-02. ,,

f2-1 rd Read paragraph 06-02.
(ROB)

.

7

f2-2 qu. The company described in
paragraph 06-02 probably.
expects at least 10%
return on-its investment
because:

a. It can get at least
this much in some
other type of
investment.

b. Anything, under%10%
would not be considered
by management is
enough return to
justify the invest
ment

c. Both 4 and b.

d. Some other reason.

Answer as'a, b, o, or d.

nx

fn kw//l

ca # C

is correct. Both ,a
'and b. are very closely re-
lated. Management will
probably not accept any-'
thing under a 10% return
if it can receive at least
that much in some other
investment.

A.



Sample, nuestion 5. This question permits only onCtrial-

for a response and then reaffirms the:correct:answer bypro7.2L,

viding the ty.. The ribbon shift feature is ,t4ed to emp-hasize

the particular items,which,must appearn the studentl! response.

Multiple cftice, questions have been found to'be very useful

in CAI inasmuch as the amount of typing that a student must

do is reduced. This eliminates much frustration for some stu-

dents and-allows themto proa'eed smoothly through a course.

=

monew.lonnoliMAW4 UM."

, 4

Tai.

Student Responses for Sample Question 5

fromCAI _Engineering Economics Course
Field ,Trial, Summer 1966

StudentPMumber,
mommalwArm....4e=4..440rodomiftmampommleRmwamemmmolomewwWW~NONmesa.ft

0028

0097-

Trial 1

,

C-

C

a

Inirrarsolar ....-.....11610.
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Results of Field T

Table 6.8 pr

average, and per

field WO. T

during the ter

and an pferag

scores, Tab

compiled fr

nearing eco

on average

Table 6.1

rial

esents the term in attendance, grade point

fornance of students in the engineering economics

wo essay tests were administered to the stldents

m. The scores on these were converted to T scores

e T score was derived from the two independent

le 6.9 presents the mean and standard deviations

m the average T scores for each group i sr the engi-

nomics field trial. A one-way analysis of variance

I scores was performed. The results are shown in



T
a
b
l
e
'
 
6
i
8

T
e
r
m
 
i
n
 
A
t
t
e
n
d
a
n
c
e
,
 
G
r
a
d
e
 
P
o
i
n
t
 
A
v
e
r
a
g
e
,

a
n
d
 
P
e
r
f
o
r
m
a
n
c
e

o
f
 
S
t
u
d
e
n
t
s
 
i
n
 
E
n
g
i
n
e
e
r
i
n
g
 
E
c
o
n
o
m
i
c
s

F
i
e
l
d
 
T
r
i
a
l

S
u
m
m
e
r
 
T
e
r
m
,
 
1
9
6
6

...
..,

--
--

,-
--

-
=

"7
--

--
--

"T
vi

r-
S
t
u
d
e
n
t

T
e
r
m

A
v
e
r
a
g
e

1
s
t
 
E
s
s
a
y

2
n
d
 
E
s
s
a
y
'
,

T
-
F
i
r
s
t
'
_

T
.
-
S
e
c
o
n
d

T
-
A
v
e
r
a
g
e

L
e
c
t
u
r
e

.
"
7
1
.
1
2
%
0
M
.

1
'
C
r

N
/
A
*

4
9
.
0
0

6
9
.
5
0

4
0
.
8
1
.

5
9
.
4
9

5
0
.
1
5

2
A
d

2
.
2
0

6
2
,
5
0

3
5
.
0
0

5
5
.
0
3

4
0
.
0
3

4
7
.
5
3

3
G
r

3
.
0
0

4
2
.
0
0

4
0
.
0
0

3
3
.
4
3

4
2
.
8
5

3
8
.
1
4

4
1
0

2
.
3
3

6
6
.
0
0

5
0
.
5
0

5
8
.
7
2

4
8
.
7
7

5
3
.
7
5

5
1
2

2
.
1
8

6
2
.
0
0

4
4
.
5
0

5
4
.
5
0

4
5
.
3
9
-

4
9
.
9
5

6
G
r

2
.
6
9

6
4
.
0
0

3
0
.
0
0

5
6
.
6
1

3
7
.
2
1

4
6
.
9
1

7
C
r

2
.
8
0

5
4
.
0
0

6
2
.
0
0

4
6
.
0
8

5
5
.
2
6

5
0
.
6
7

8
1
2

2
.
3
2

5
7
.
0
0

2
0
.
0
0

4
9
.
2
4

3
1
.
5
7

4
0
.
4
0

;
I
I
,
:
r
o
u
p

1
0

1
.
8
6

5
7
.
0
0

5
3
.
0
0

4
9
.
2
4

5
0
.
1
8

4
9
.
7
1

1
0

A
d

2
.
5
3

5
6
.
5
0

5
0
.
0
0

4
8
.
7
1

4
8
.
4
9

4
8
.
6
0

1
1

7
2
.
6
4

4
1
.
0
0

4
5
.
5
0

3
2
.
3
8

4
5
.
9
5

3
9
.
1
7

1
2

G
r

3
.
0
0

6
2
.
5
0

8
3
.
0
0

5
5
.
0
3

6
7
.
1
1

6
1
.
0
7

1
3

C
r

2
.
7
5

6
4
.
0
0

6
8
.
E
O

5
6
.
6
1

5
8
.
9
3

5
7
7
7

1
4

1
.
9
0

4
8
.
0
0

3
8
.
0
0

3
9
.
7
5

4
1
.
7
2

4
0
.
7
4

S
e
l
f
-
S
t
u
d
y

G
r
o
u
R

1
5
-
-

1
2

2
.
2
2

3
9
.
5
0

5
7
.
v
0

3
0
.
8
0

5
2
.
4
4

4
1
.
6
2

1
6

n
r

3
.
2
1

6
5
.
5
0

8
5
.
0
0

5
8
.
1
9

6
8
.
2
4

63
.2

1.
1
7

8
2
.
0
2

6
2
.
0
0

4
2
.
5
0

5
4
.
5
0

4
4
.
2
6

4
9
.
3
8

1
8
'

C
r
'

N
/
A
*

6
5
.
0
0

6
2
.
5
0

-
5
7
.
6
6

5
5
.
5
4

56
.6

0-
19

G
r

2
.
9
8

7
8
.
0
0

8
1
.
0
0

7
1
.
3
6

6
5
.
9
8

6
8
.
6
7

2
0

1
2

2
.
0
6

5
9
.
0
0

3
6
.
0
0

5
1
.
3
4

4
0
.
5
9

4
5
.
9
7

01
1=

11
10

11
1.

11
11

11
1=

1.
11

11
1M

IM
III

M
N

M
IL

.

R
aw

.
M
e
a
n
s
 
m

5
7
.
7
3

5
2
.
6
8

S
t
a
n
d
a
r
d
 
D
e
v
i
a
t
i
o
n
s
 
=

9
.
4
9

1
7
.
7
3

*
S
t
u
d
e
n
t
 
f
r
o
m
 
o
u
t
s
i
d
e
 
U
n
i
t
e
d
 
S
t
a
t
e
s
.



. -

\

Table 6,9

Mean and Standard Deviations for
Lecture, Self-Study, and CAI. Groups
Engineering Economics Field Trial

Summer Term, 1966

Compiled, from Average T-Scores

Lecture

Mean

S.D.

111

Self -Study CAI

47.18

4.58220

54.24279

9.53628

49.5

8.08649

Table 6.10

One Way Analysis of Variance on Average T-Scores
for Engineering Economics Field Trial

Summer Term, 1966

0011100=olo11.1Y=111111 11111=.

Sources
Sum of
Squares

Degrees of
Freedom

Mean
Squares

Groups

Within

Total

154.30600

1150.36300 17

1304.66900 19

1111111Y1 1\n\liloollMIMlilm10AMMONOMMI1111

77.15300

67.66841

1.14016



CHAPTER VII

MODERN MATHEMATICS'

(C. Alan Riedesel and Marilyn N. Suydam--Course Authors)

The strategy of instruction for the modern mathematics

(modmath) program was bated on several bessumptions concerning

the teaching-learning process. These were:

1. Mathematics is best learned wL'il students are
encouraged to discover the basic ideas, laws,
or principles of mathematics. Thus, students
should be given a chance to solve a new prob-
lem themselves rather than first being 4shown''
or told how to solve it

2. The reason for studying a topic should be made
clear by the manner in which it is introduced.

3. Individuals vary in their receptivity for
learning.

4. Effective learning is continuous and develop-
mental in nature; thus, previous generaliza-
tions and facts are helpful in developing new s

g@neralizations.

5. Continual failure by an individual is not
conducive for effective learning.

6. Active participation by the student tends to 1.

produce an effective learning experience.

7 Knowledge of one's progress contributes to t

effective learning.

A belief in these assumptions led to a teaching procedure

tn which the student was presented with a problem that, could

be solved by his use of previous knowledge and his thoughtful

discovery of the next step of knowledge in the subject. This

approach could be called an inductive approach. A deductive

113
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approach is usvially used in programmed materials. The following

diagram contrasts these two approaches toleaching mathematics:

Inductive Approach

Studeni'iipresented.
with a problem.

If problem is solved
by student,lie is led
to refine his proce-
dure for soiving-
problems oUthis,
type.

Student is.asked to
develop a generali-
zation.

r

Student is. quizzed
concerning aspects
of the generaliza-'
tion,

If student cannot
solve problem, he
is asked develop-
mental questions
which lead to the

. solution. Student
solves similar
problem.

Deductive Approach

Student is presented
generalization.

Student is Oizzed
concerning (Aspects.
of the generaliza-
tion.

Student is pre-
sented.with illus-
trativefproblems
in which the pro-
cess of solution
is,explained to him.

Student applies the
.generalization to
solving problems.

an the modern mathematics CAI course the use of a teaching

technique similar to the inductive pattern was-attempted« An

illustration oLsuch a. pattern.for classroom- use.. Is as follows:

Purpose of the lesson: To develop an understanding of the

.use of the inverse (reciprocal) in
st dividing rational,numbers.

The teacher,...stated: °Weave been solving divisiovprobleMs

involving the use of rational numbers in several ways. Now let

us see If we can find a more efficient method of solution. What_

are variOusiOtilis we"can write 6 4 3/4?""
,

The 'following ways were suggested by'the itudentS:

(b). (c)4

6 V" 1

6 .3/4 m N n 17 )71r

Z
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6
The teacher said: "Look at form (b) '17% If we could

reduce this fraction, we could solve the problem. What would

be the denominator that would make reduction of the fraction

simplest to perform?"

Pupils suggested that the easiest fraction to reduce would

be a fraction with a denominator of 1. The teacher, asked:

"How could we change the denominator from 3t,4 to 1?"

Students recalled that by multiplying by the inverse - the

reciprocal of 3/4, which is 4/3 - the denominator would be 1.

Pupils then said that r,.i f the denominator was multiplied by,4/31

the numerator would, also have to be multiplied by 4/3 (an app11-

tati4h of the role of the ideRtity element for multiplication

which is .1 gnotherjitme for

the-i*tiltan;. pro written on- t ie chal1tboard ,tn the

following- Oiv:

6 x

-4

Students continued to work division prqblems in this manier, for

a time. When, the teacher felt that thestudents had a good

understanding.of this approach, discussion and guided questions

were used to develop the idea that it is not actually necessary

to wr:ite all of the material - actually, inverting thg divisor
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accomplishes the desired result. Thus

254- = 5xT= 10

E 2
x T .

A teacher Using a deductive format'for'the teachtnrof

inversi6n-wOuld have first exPlained.the approach to the class.

and then had the students practice it use

Certain problems arose in applying theiriductive.tiChnlque

to the Writing ofthe'modern.mathematits

totiansfer,iconcept.of an ideal situation tdadgriMin§itide

was difficult becauie of dealing with an liaginary OUdent:: It

was especially hard to ahticipateitudent'answerS; the ;ossiWities

,seemed infinite at times. There was the tendency, thereffire,

.1 write a linear pattern with many multiple-choice items.' The

linear pattern save assurance that everyone would see the (some-

times) clever things that had been written. The multiple-choice

item limited the student's choice and therefore the difficulty

of having, to deal with the unanticipated when, by definition,

it could 'not be anticipated. Partial-aa4wer processing functions

helped to resolve this problem when they became

AnotheJ.,,diffititItY in a course -designed priMatily.for:futOri''

tii*hOt was illiditig'real life situations which mide'se0Se to

adults and alioWhich'could 6e'applicableat, an elementOrileveh

tó 'a real' elementary classroom Situation was essential



p.

-117

hopefully the method by which the material was taught to teachers

would affect their own teaching procedures,

tome difficulty was met in determining "size,of steps" in

asking the questions which led from one Wilt to the' f4ext.-This

involved,a value judgment, and it was found that step size varied

with the type of material.

Determining the patterns of learning for various students

was an even greater problem, The amount of practice and remedial

materiaL the type of vocabulary, the type of learning struc-

ture r in
,
short, the needs of individual students - had to be

considered. Some branching opportunities :sere provided on the

basis of each of these vcriables tind more should be added as

additionalstudent records are analzged.
e, y'

Traditional materials provided little real help except 'for

basic content, guides since t4y operate from a differipt'frame-
;0

workpap ingf#1'pro00 situations, are geaerally lacking in

them;, deductive, rule-stating approaches are frequently used;

there is.a heavy emphasis on vocabulary rather than on concept-

formation. We visualized .the best type of teaching-learning

situation, on the other hand, and tried to lead the student to
,

cover concepts and broader principles.

We felt hamPered because the system handicaps a student

in being "creative" - he, has to conform to our expectation of

what answers were trobable, possible, and acceptable. Struc-

tyring title program through an "inductive" or "discovery" approa h
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seemed vital to counteract, in part, this handicap. There was

definitely a need for additional contacts with a teacher and/or

other discussion situations to allow questioning, even more in-

ductive problem-solving, and creative thinking.

Develommt

The CAI modern mathematics course provides the background

for understanding mathematical content and concepts of the sys-

tem of real numbers and its component systems, including basic

set theory, varying numeration systems, operations, properties,

and algorithms. The program was developed with reference to

teaching in the elementary school. Appendix G.1 contains an

outline of the topics considered in the course.

The breadth of the program proved to be a limitation - there

was a great deal of material to program. The pressure produced

by volume was compounded by time - the need to complete the en-

tire program within the specified number of months. Because

of this pressure, much more of a Skinnerian or linear program

(with comparatively few branches) resulted, and the potential

of CAI was perhaps not fully utilized.

However, a final outcome was a course which "runs" and from

which students have learned. In fact,. two paraltel courses are

available: one which is identified as mavmath has tape-recorded

messages and random-access 2 x 2-inch slides controlled by the

computer (see sample of program, Appendix G.4); the other iden-

tified as modmath uses a book of static displays in lieu of the
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tape messages and slides. The content of the two courses is

identical, though much additional time was taken to insert the

additional functions And to restate some directions for the mav-

math program.

While the details of the procedural steps used in developing

the program differed for each chapter, they are approximated as

follows:

1. Develop outline with the amount of detail
differing with the topic. Use was made of
two basic sources -- Theory_ of Arithmetic,
by Peterson and HashisakT and Arithmetic,
Its Structure and, frips122es: by Mueller -
and many additional supplementary references.

2. Delineate principal questions, which led to
development of the content of the outline.

3. Complete the writing, using Coursewriter
instructions, branching to meet individual
needs.

4. Reread, then rewrite; reread, then rewrite -

generally two or three repetitions of this
were involved at this stage. Discussion
between the authors was important here as
at other stages.

5.' Have program typed; reread for accuracy
and make any changes apparently necessary.

After the program is in the computer, at.
least one rereading is necessary, reading
for errors in input and any other errors
that were apparent; then rewrite.

7. After students worked through a section,
more revision was dove with reference to
their comments and answers, which were
analyzed and evaluated. (Continuous .

evaluation and rewriting was, obviously,
necessary!)
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Field Trial

A description of a field trial of the modern mathematics

CAI course is presented in an article (see Appendix H.2) written

by the authors of the course and is quoted here:

"The course used in this study was programed on
the basic mathematics content of Math 200, for fresh-
men and sophomores in the elementary education sequence
at PSU. In addition to the course text, other refer-
ences were used as content guides in writing the pro-
gram. The material was divided into fourteen chapters,
with the following indicative titles: Sets; Relations;
Exponents; Our Numeration System; Other Numeration
Systems; Whole Numbers: Addition, Subtraction, Multi-
plication, Division; Integers; Rational Numbers: Frac-
tions, Decimals, Ratio and Percent; and Real Numbers.

"The problem that was explored referred to the
value of CAI - how does it affect the achievement of

a group compared with the achievement of a group in
the traditional class pattern?

"The population - all freshman students in the
elementary education and special education curricula
at Penn State who were scheduled for Math 200 during
the spring term of 1966 - were assigned to sections,
at random, by a computer. From the four sections,
one was selected at random. The 26 students in the
section (all women) were pretested with a 40-item
test of mathematical content developed by the authors
(Kuder-Richardson Formula 20, r = .82); the results
were used as a basis for selecting ten matched pairs
of students. One member of each pair was randomly
assigned to the CAI-treatment group and one to the

teacher-treatment group.

"All students in the section met together for
one standard 75-minute period per week for discussion
that centered on their questions in regard to content.
Both groups used the text Theory. of Arithmetic, by
Peterson and Hashisaki, and both were provided with
the same study guides. The instructor of the course
was co- author of the CAI' program, and he used the same
outline for the class as had been used in developing
the CAI program. Both groups were considering the
same topics each week. As , measure of control on
outside-of-class practice, the answers to study guides

were collected.
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"The teacher-treatment group met twice a week
for class periods of 75 minutes each. The instructor
developed the mathematical content inductively, to
parallel the premises of the CAI program. The CAI.
treatment was scheduled for 2 1/2 hours per week on
the computer, equivalent to the time spent by the
teacher-treatment group. Instruction and testing
occurred within a standard ten week term."

Several analyses of the program have been made. Table 7.1

shows the structure and amount of course material stored in the

computer for the mavmath program. Table 7.2 shows the time

spent on computer terminal by the students in the modern mathe-

matics course. Table 7.3 shows the character and operand code

count for five representative, selected questions from the course

(mavmath). On the basis of the information from these five ques-

tions, it is estimated that for the 1191 questions and related

instructions in the course, there are approximately 642,816

characters in computer storage for the 14 chapters.
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Table 7.1

Structure of CAI Modern Mathematics Course
Field Trial, Spring 1966

M,MININIIINIMIMOINIMENIIIIIIILAIMMIO111

Chapter
No.

No. of
Coursewriter
Thstructions

No. of
Qu's

No. of
Slides

No. of
Tape

Recorded
Messages

1

2

3

4

5

6

7

8

9

IvIt%

11

12

13

14

Total

642 66

510 55

351 44

243 22

1377 139

1466 143

1116. 119

1132 118

1017 102

642 72

1200 127

661 64

663 55

745 65

11765 1191

Et

6

5

4

25

39

30

33

24

10

10

10

19

22

258

22

1

6

4

17

35

10

9

8

2

5

0

7

12

138

D

r
0

11



Table 7.2

Time Spent on Instructional Terminal by
Students in the Modern Mathematics CAI Group

Field Trial, Spring 1966

IIMMEN.111.111.a./1111.1.1M

123

Dates
Student Beginning-Ending
Number 1966

Time,
Hours-Mnutes

Average
Hours/Weeka

Hours-Minutes

0030 4/9 - 6/10

0031 4/9 - 6/8

0032 4/9 - 6/8

0022 4/6 - 6/8

0024 4/7 - 6/6

0029 4/12 - 6/8

0028 4/7 - 6/3

0025 4/7 - 6/6

0023 4/7 - 6/3

0033 4/9 - 6/7

17 10

24 31

28 50

29 27

29 26

29 41

21 6

24 45

27 9

27 33

Total time - 259 houits and 2R minutes

Average time per student - 25 hours and 53 minutes

1

2

3

3

3

3

2

3

5

3

54

43

12

16

16

18

19

41

1

aCalculated on the basis of maximum number of weeks (,nine ) on
terminal by student from the group.

440..1.1.r.111.0 .4t., ;7 a
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The entire question and related materials for each of

these sample questions is presented on the following pages.

Following each question and related material is a table which

shows the attempts which eauh student made to answer that

question.

This field trial was conducted on the 1410 computer located

at the Computation Center on Penn State Campus and because of a

transition from one system to another, some data which are

norm2lly available from student records were not available

for this field trial.

ww.m...Arap
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ample Question 1--Modern Mathematics

Itluence No. Label Op. Code Argument

06-0300-226 6-45-8 rd

fn slide//12

fn wait//10

6-45-c qu Now analyze the table. Is
addition in this system
commutative?

nx

fn kw//2

ca y es

un Check each combination.
Then answer the question
again.

un Addition is commutative in
this system. Type yes

Samplq, Question 1. Slide number 12 is presented to the

student and the system waits 10 seconds for the student to ex-

amine the slide. The question is typed for the student and the

system waits for the student to respond. A stored correct re-

sponse "yes" will be processed by a keyword (kw) function. Spaces

have been used as delimiters in the correct .esponse which seg-

ments the word yes into two words. the first consisting of "y"

and the second consisting of "es." The keyword function ex-

amines for two responses. This procedure allows the author to
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ignore uppercase or lowercase letters as part of the response.

The response will be counted correct whether, or notit has been

capitalized.

Table 7.4

Student Responses for Sample Question 1

from Modern Mathematics Course
Field Trial, Spring 1966

Student
Number.L.e. Trial 1 , Trial 2 Trial 3

0022 yes

0023 yes

0024 no

0025 no

0028 yes

0029 yes

0030 yes

0031 yes

0032 yes

003w yes

yes

yes

no yes
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Sample 2--Modern Mathematics

Sequence No. Label

08-0600-010 e-43

Op, Code Lump
qu After multiplying the sum

of the raised fingers by 10
and finding the product of
the closed fingers, what two
numbers are added when*you
are using the finger method
to solve 6 x 6?

nx

fn

ca

ty

nx

fn

ca

kw//3

.20. 4, .16

Correct.

kw//2

.20.16

ty Yes, 20 is added with

un One finger is raised on each
hand; 10 (1 + 1) 1: 20. Four
fingers are closed on each
hand; 4 x 4 = 16. Therefore
we will add 20 + 16. Type
20 + 16.

§2m212 Question 2. Keyword functions are again used in

this question to examine specific elements which should appear

in the student's aniver without regard to order, spacing, or

punctuation. Periods have been used as delimiters to separate

the three keywords in the two functions.

,..,Iwroo**JnrI....-.

9

fl
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Table 7.5

Student Responses for Sample Question 2
from Modern Mathematics Course

Field Trial, Spring 1966

Student
Number Trial 1 Trial 2

0022 i and 1

0024 20 + 16

0025 20, 16

0028 10 + 16

0029 The product of the raised
fingers with the product
of the closed fingers.

0030 20 + 16

0031 20 + 16

0032 1

20+16

20+ 16

20 + 1'

20 + 16

20 + 16
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AERIE Question 3--Modern Mathematics

allErAt No. Label op. Code Argument,

09-0730-020 qu How do you know if a number
is divisible by 3?

nx

fn kw//4

ca .sum.digits.divi.3.three

ty Yes

nx

fn kw//2

wa .multiple.3

ty A number is divisible by
3 if there is a multiple of
3 in the ones place. Con-
sider, however, 42 and 135.
Both are divisible by 3, yEt
there is no multiple of 3
in the ones place. Now answer
again.

un Consider the sum of its
digits. Try again.

Sample Question 3. This question is a very good example

of processing free-form responses made by the student. The

authors have included five key words in the first ca processed

by the preceding keyword function which is seeking four correct

words. Four of the five key words must appear in the correct

answer without regard to order. Notice that the authors have

used only a segment (di vi) of the word "division" or "divide"



to allow flexibility in the form which the student might use

in responding. The authors have also used the numeral
11311 or

"three" to allow added 'flexibility in responding. It is inter-

esting to note in Table 7.6 the diversity of responses which

have been counted correct by the author and the system.

131
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Sam le glillyion14--MOdern Mathematics

Itquence. No. Label 1)2, Code Armpit

09-0770-020 qu What digit which makes the
number divisible by 9 can
be put in each blank? (Type
the missing digits in order,
with a comma between each.)

7843 30 7 1156 91

811 723

nx

fn kw//4

ca

ty Good!

un The missing digits must make
the sum of the digits in

each case equal to a number
divisible by 9. Try again.

un The missing digits are 5, 8,

4, 6. Type this.

Sample Question 4. This question again uses the keyword

(kw) function to process the student's responses. It is apparent

from Table 7.7 that the program has reasonably good control of

student responses. Student 0029 "signed off" when he was pre-

sented with this problem the first time and did not attempt

the response until he "signed on" the following day.
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Table 7.7

Student Rasponses for Sample Question 4
from Modern Mathematics Course

Field Trial, Spring 1966

oram.=
Student
Number Trial 1 Trial 2 Trial 3

0022 5, 8, 4, 6

0023 5, 8, 4, 0

Cf.14

0025

0028

0029

0030

0031

0032

0033

9 9
Ow 9 C. 9

off

I don't understand
what I'm am doing
wrong

1, 0 5, 8, 4, 6

8,

5, 89,4, 6

5, 8, 4, 6

4, 8 4, 6

3, 6 6, 8, 4, 6.

5, 8, 4, 6
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Itaslica5--Modern Mathematics

Sequence No. Label Qs, Code Arum

11-1020-020 qu Con;sider 2/7 x 3/5. Note
your procedure as you find
the solution. What is
2/7 x 3/5?

nx

fn lod/3

Ca .6./.35

ty Correct

un 2/7 x 3/5 = (2 x 3)/(7 x 5)
6/35. Type 6/35,

Sample Question 5. This question again uses the keyword

(kw) function for processing the responses without requiring

specific spacing or punctuation. Table 7.8 indicates again

that the program has very close control of student responses

to this question.



Table 7.8

Student Responses for Sample Question 5
from Modern Mathematics Course

Field Trial, Spring 1966

Student
Number Trial 1

0022 6/35

0023 6/35

0025 31/35

0028 6/35

0029 5/35

0030 6/35

0031 210/35

0032 31/35

0033 6/35
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During the course of the project, approximately 97 P nn

State students completed sections of the four CAI courses. The

total group Of students may he divided into two subgroups of 30

and 67. The computer time used fsr student instruction amounted

to approximately 576 hours curing the field trial.

The first subgroup was comprised of those students who ex-

perienced an entire CAI sequence for academic credit during the

field trial of the four courses. The details of the field trial

are reported in chapters IV (Audiology), V (Management Accounting),

VI (EAgineering Economics), and VII (Modern Mathematics). How-

ever, the total use of the Laboratory for the field trial for

all four courses is summarized in Table

The other subgroup of 67 students were involved with the

project before the completion of the four courses.

Forty-seven students were used to help test courses early

in the investigation prior to the development of achievement

criterion measures. For this group, the variables available for

analysis were,

1. Self-report ratings of reactions to CAI

2. Student errors in CAI courses

3. Rate or speed of performance on course material

4. Scholastic Apnttide Test scores (SAT)
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Table 8.1

Time Spent on Computer Terminals by Students
in the CAI Groups for the Field Trial

of Four College Courses

Course

Total. ,Maximum Minimum
No. of Time Time Time Average
Students hrs/mins hrs/mins hrs/mins brs /mins

Speech Pathology
and Audiology 4 63 48 19 24 11 49 15 57

Management
Accounting 10 181 26 8 9 10 16 6

Engineering
Economics 6 71 54 17 6 9 23 12 0

Modern Mathematics 10 259 38 29 41 17 10 25 58

Totals 30 576 20 -- re a. G. es -- 18 25

5. Cumulative grade point average

Scores on the Penn State entrance examination battery
and various subtests

Scores on the Bernreuter Personality inventory adminis-
tered to enterTiiiVaTiiin at Penn State

For the second group of 20 students, measures of achievement of

course content and retention were obtained in addition to the

above variables.
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Reactions of Students to CAI

Of the first 47 students, 18 worked in audi?logy, 21 in

cost accounting, 7 in modern mathematics, and 1 in engineering

economics. The results fall into three genera! categories:

1) mean student self-reports of reactions to CAI, 2) selected

correlations among a number of student variables and performance

in CAI, and 3) impressions obtained from guiding students through

the courses and from informal interviews with students following

au...=m......~.....=www-11.
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their experience with CAI. TLa results should be regarded as

tentative and suggestive cf hypotheses for further study under

highly controlled conditions. The 47 students were the first

pilot group to test the CAI courses. They are not a random sam-

ple of college students, nor were they assigned at random to the

four courses. Frequently the students were used to help "debug"

the courses, and problems were encountered by the student which

would not ordinarily occur with a finished course. In addition,

these early results are primarily of a correlational and descrip-

tive nature with the accompanying difficulties of determining

the direction of causation. In spite of the above 11:1iitations,

there appear to be some meaningful differences among the scales

of the student reaction inventory, and some clusters of inter-

correlations which "make sense" and support our subjective im-

pressions.

Following his first session of CAI, each student completed

a Student Reaction Inventory consisting of a number of 5cates
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modeled after the Semantic Differential Osgood et al, 1957).

The student reaction inventory developed for this investigation

appears in Appendix C.1. The extremes of each scale'are defined

by pairs-of bi-polar adjectives such as, good-bad, dull-interesting,

tense-relaxed. Thirty-one students completed the reaction in-

ventory (the first 16 students were taught prior to the develop-

ment of this device).

A profile of the mean ratings on twelve attitude scales

was constructed for the total group and separately for each

course. This profile is shown in Figure 3. An examination of

the high points on'the profile of student attitudes toward CAI

indicates t'llat students found the experience highly interesting,

good, fair, valuable, and active, and that the students reported

being "able to give the machine more attention than a traditional

classroom lecture.

That students react favorably to a new and novel instruc-

tional technique such as CAI is reassuring, but not particularly

surprising. The low points in the profile of student'reactions

may 'be of greater importance in pointing the way to improvements

in the instructional system and toward new instructional strate-

the students reported being relatively tense as opposed to relaxe4,

they reported the program to be inflexible, and that they missed

opportunities far discussion. Fifty-four per cent'of the simple

strate-

gies. The three lowest points in the profile indicated that

reported being "sligktly tense" during the first session of CAI.

B

9
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Missed
opportuni-
ties for
discussion

Much less
attention

Inflexible

Difficult

Passive

Worthless

Shallow

Unfair

Bad

Tense

Dull

Slow

C.3

O
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We have no decisive data at present to indicate whether the

reported tension had a positive or negative effect on student

achievement and retention. It appears that some students are

simply highly motivated to do well in the course, while others

get-"flustered" by the machinery.

The student self-reports seem to agree with informal obser-

vations of students working at the terminal. Some students seem

"machine shy" during the first hour of instruction, and comments

such as "I'm afraid I'll do something wrong," or "I'm afraid

I'll break the machine," are quite common. Students usually

report being more relaxed at the end of the first session of

instruction than at the beginning. Other students seem to be

in awe of the equipment during the first few instructional ses-

sions. Several students who were personally observed by the

writers became so engrossed that they forgot to follow a simple

direction which had been stated some fifteen times in the pro-

gram. These observations have led us to consider the need for

longer warm-ups or an introduction to CAI which would prepare

the student for instruction.

The report of program inflexibility seems to have resulted

from the requirements of an earlier CAI system which required a

perfect correct answer match. Answers which were essentially

correct, but differed in some trivial character (frequently un-

noticed by the student such as spaces, upshifts and downshifts,

etc.), were judged incorrect by the machine. A computer which

will not ignore trivial characters such as commas, periods,
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spaces,-etc., and correctly evaluate a correct answer is judged

inflexible by students. These reports emphasize the peed for,

partial-answer pro;essing in CAI systems. It is anticipated

that the ratings of future groups of students will indicate

greater course flexibility as more of the functions permitting

partial-answer processing are incorporated into the courses.

Students also rated the machinery as quite "fast." This

reaction raises the question of rapidity of CAI. CAI frequently

appears to qualify as an instance of massed practice. Although

the system is in theory student-paced, the immediate presenta-

tion-of the next question following a correct answer tends to

"force feed" the student. A study is presently underway to in-

vestigate the effects of student-controlled pauses in the presen-

tation of the course. Unfilled delays might provide time for

students to process information and to rehearse their responses,

and might be especially valuable following the correction of

an error.

Correlations among Selected Student Variables,
Reactions to 'CAI anrarrirformance Variables

A missing data correlational analysis of a matrix of vari-

ables including student errors, rate of performance, SAT scores,

cumulative grade point average, Bernreuter personality scales

administered to all entering freshmen at Penn State, student

reactions to CAI, etc., was prepared. The analysis was performed

for the total group of 47 students and separately for students



in audiology and cost accounting. Keeping in mind the diffi-

culties of a usteriori "data snooping," the writers examined

the matrix in an attempt to find nonchance, meaningful cluster,

of correlation coefficients. The results reported here are those

which in-ttle judgment of the writers seemed to tie together.

Although there are probably few individuals, working in CAI

who question the educational advantages of partial-answer pro-

cessing, some of the present results make quite clear the prob

lem of the nonmatched correct answer from the student's view-

point. (The present data were obtained prior to the availability

of partial-answer processing.) In scoring the student's record

for errors, it was necessary to distinguish between legitimate

content errors and what were called correct answers, entered

in wrong form, which were regarded as incorrect by the computer.

The mean per cent content errors based on the students' total

number of responses for all courses was 20 per cent while the

mean per cent correct answers entered in wrong form was 17 per

cent. The correlations between the two types of errors were

positive and significant at less than the .001 level for the

total group and within each course. This correlation reflects

the fact that the student types in the correct answer in wrong

form, tries the same answer once or twice more just for good

measure, and then discards his original correct answer for an

incorrect responses thus making a content error. Some persivue6t

students may type in their original correct answer again and

BY
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again. When numbers of questions were used as the base for com-

puting the percentage of errors, several students exceeded 100

per-cent;. An additional problem is that these persistent stu-

dents may be the self-sufficient students, and the system.is

negatively reinforcing self-sufficient behaviors., The Bernreuter

Stability and Self-sufficiency scales correlated significantly

and positively with the percentage of correct answers entered

in wrong form (.43 and .56 respectively). The manual for the

Bernreuter describes the measure of self-sufficiency as follows:

"Persons scoring high on this scale prefer to be alone, rarely

ask for sympathy or encouragement, and, tend to ighore the advice

of others. Those scoring low dislike solitude and often seek

.advice and encouragement."

Although the problem of correct answers in wrong form can

be minimized by specific instructions to students at the begin-

ning of a course or by inserting additional correct answers,

some wrong form errors result from typing habits and poor punc-

tuation. A correlation of .35 (P <45) between the number of

lines of program covered by a student per hour and a Punctuation

subtest score on the Penn State entrance examination was obtained.

Furthermore, a negative correlation of -.26 approaching signifi

cance between Punctuation scores and percentage of wrong form

errors was also obtained. Recently, a small group of eight stu-

dents was administered an achievement test after completing a

section of audiology. Just one or two "bugs" in the program,



particularly of the correct response-wrong form type, seemed

to produce much interference and large decrements in student

learning. These results emphasize the importance of-exposing

students -'to a smooth-running CAI course. The partial-answer

functions described earlier in Appendix A.1 alleviated, the

problem of requiring a student to match an anticipated answer

exactly.

The correlations in Table 8.2 (shown for the total group

and cost accounting in parentheses) generally indicate that

students having lower cumulative grade points, and scoring lower

on the entrance battery tended to rate the course and machine

as "fast." The correlations of several subtests from the Penn

State entrance battery with percentage of content errors are

suggestive of a similar negative relationship, although they

are less consistent. These data are indicative of the impor-

tance of the speed factor and suggest that courses employing

optional delays, optional review, and optional remedial work

would be beneficial for some students.

Performance of High and Low Aptitude
Students in CAI

The second pilot study employed a sample of 20 volunteer

students from introductory educational psychology classes.

The sample consisted of 12 high aptitude Ss and 8 low aptitude

Ss as measured by the Scholastic Aptitude Test. High and low

aptitude was defined as the upper and lower 25 per cent of the



149

distribution of verbal SAT scores. The test had been administered

to the students upon entrance to the University. The performance

of this group of Ss was studied in a much more systematic manner

than that of the-initial group of 47 students.

Each subject was scheduled for three sessions at the CAI

Laboratory. During the first session, the S was given a warm-

up at the instructional terminal in the early afternoon of the

day he was scheduled to participate in the experiment. Previoui

experience with students suggested that some warm-up to give

the student practice operating the instructional terminal was

extremely important. The student was allowed to warm-up on a

short section of the modern mathematics course on elementary

set theory. During this period a graduate assistant worke4,w th

the student at the terminal to clear up any questions or prob-

lems he might encounter. A set of directions was also read to

the student explaining the general nature of the experiment.

Immediately following the warm-up period, the student was admin-

istered a pretest to measure his previoUs knowledge of the sub

jest matter area in which he would be given instruction that

same evening. Later the same day at approximately 6:30 p.m.,

the student returned for instruction via CAI on a section Ot

the modern mathematics course designed to teach number systeMs

with bases other than ten. Portions of the modern mathematics

course are shown in Appendix G.40 'Immediately following instruc-

tion at the terminal, the student was given an alternate form

of the pretest designed to measure his achievement of 'course
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Table 8.2

Correlations among Some Cognitive Measures, Reactions

to the Speed of CAI, and Percentage of
Errors (A.= 21)

61.0....mr..wrarommosoaremowmagmarm
wwswaraw...kmrav.i.waw.owr

C.C.P.A:

um=raniema.=m
Penn State Entrance Exam Subtests (Moore-Caster)

Paragraph

Vocab. Reading Spelling Punc. Total

Rating:

Course

Fast (-.50)**

. Machine -.35*

Fast (-.69)**

Per cent .13

Content (-.12)

ErrorS

-.27 -.33

(-.51)** (-.29)

-.37*

(-.44)* (4-.49)*

-.20 -.11

(-.36) (-.27)

-,14 -.08 -.30

(-.43)* (-.12) (-.37)

-.31 -.11 -.32

(-.46)* (-.24) (-.38)

.06 .08 -.26

(-.48)** ( -.30) (-.45)*

* P < .10

** P < .05

content (hereafter referred to as posttest 1), and was asked

to fill out the Student Reaction Inventory. The student returned

exactly one week later for session three and at that time took

another form of the achievement test (posttest 2) as a measure

of retention. Due to an error in procedure, some students were

administered posttest 1 a second time while others were given

the pretest again as the posttest 2 measure. The original in-

tent was to use the pretest as the delayed retention measure

to minimize direct recall of responses given to items in the



test. An examination of the students given the different forms

of the achievement test as posttest 2 shows no differences in

their performance as a function of the form of the test used.

Reliability of the Achievement Measures

As mentioned previously, an important aspect of research

on. CAI is the development of good achievement tests and other

criterion measures to evaluate the outcome of such instruction.

Several short achievement tests were developed in the present

project: one to measure achievement in the audiology course,

and two alternate forms of a test to measure achievement in the

use of number systems with bases other than ten. Each form of

the modern mathematics test was 23 items in length. Reliability

of the test was .evaluated by means of the Hoyt analysis of

variance technique (Hoyt, 1941).

The analysis of variance summary for, the sample of 20 stu-

dents on Form B is shown in Table 8.3. The reliability of the

test as estimated by the formula rtt = I -
M.S. residual is

shown directly beneath the table to be .93.

Since the subjects in the present sample were selected as

extreme high and low aptitude groups, the possibility exists

that the above reliability coefficient is spuriously high due

to the exclusion of students of average aptitude. In order to

check this possibility, separate estimates of reliability were

obtained within the high aptitude and low aptitude groups. If

the range of scores en the achievement test had been seriously
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inflated by using extreme aptitude groups? one yould expect the

reliabilities computed separately within the restricted range

of high and low aptitude groups to be substantially lower than

the reliability for the entire group.

Tables 8.4 and 8,5 show the analyses of variance estimates

of reliability for the 12 high aptitude tudents and 8 low apti-

ude students respectively. As can be seen from the tables, the'

reliabilities were .92 and 094 for the high and low SAT groups.

respectively indicating that the use of extreme groups had no

effect on the reliability estimate for the achievement test.

Table 8.3

Analysis of Variance Reliability of Form B
of the Modern Mathematics Achievement Test

for the Total Group of 20 Students

Source SS df MS

Between Ss

Within Ss

Items

Residual

39.52

67.65

11.17

56.48

19

440

22

418

459

2.08

. 51

. 14

.14
r
tt 2:08= 1 .93
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Source SS'

of Variance Reliability of Form B
of the Modern Mathematics Achievement Test,

for t'le Group of 12 High SAT Students

SS df MS

1

Table 8.4

II ito
264

. ,

22 .27

242 .13

Between Ss 18.98

Within Ss 37.83

Items 5.98

Residual 31.85

.13
rtt 1 1.73 wg.

0,

Table 8.5,

Analysis of Variance Reliability of Form B

of the Modern Mathematics Achievement Test
for the Group of 8.L.pw SAT Students

.Source SS, df

3etween Ss 16.15

Within Is .29.83

Item's ''9.98

Residual 19.85

7

176

22

154

.MS

2.31

.45

.13

.13
rtt. 1 2.3V = .94



The prior reliabilities reflect a high level of internal

consistency of the test. Some evidence on the stability of

performance on the modern mathematici achievement test is avail-

able from the correlation between the posttest 1 and poittest 2

administrations over a one week interval. The latter correla:-

tion was .93. Owing to a highly restricted range of scores on

the pretest (students showed very little prior knowledge of

number systems with bases other than ten), no meaningful corre-

lations between the pre- and posttests could be computed.

Results

The results are reported in the form of two analyses. The

first analysis shown in Table 8.6 shows t tests compaeng the

means of the high versus low SAT groups on a number of perform-

ance and attitude ratings. The reader should note that the series

of t tests reported in Table 8.6 is not the' most ideal statis-;

tical analysis for these data since some of the dependent velftia-

bles are correlated and thus provide partially redundant infor-

mation. Owing to the small samples of subjects and the prelimi-

nary nature of the data, appropriate multivariate analyses were

considered uneconomical at the present time. A correlational

analysis was also computed showing some of the same relationships

shoWn in the table of t tests and, in addition, relationships

between a number of other variables. The results of the corre-

lational analysis are shown in tables 8.7 and 8.8.

./....,
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The results of the t.test analysis generally indicate that

the high aptitude group pe' formed better and had more positive

attitudes-toward CAI than the low aptitude group. Although the

groups differed significantly on the pretest, the mean perform-

ance of both groups was less than one item correct out of 23.

It can be concluded that the students in the sample had very

little prior information about number systems with bases other

than ten. Although the posttest achievement scores and other

performance measures were not significantly different for the

two groups, every difference was in the expected direction. The

high SAT group had higher mean achievement posttest scores and

lower mean number of errors, less time to complete the material,

and fewer remedial questions than the low SAT group. In general,

the high aptitude subjects evidenced more positive attitudes

towards CAI than the low aptitude subjects. The mean ratings

for the high SAT Ss were more positive than those of the low

aptitude Ss on 12 of the 13 sceas. The statistically signifi-

cant differences indicate that the high SAT group had higher

means than the low group on the scales Bad-Good, Unfair-Fair,

and Difficult-Easy (as might be expected). The low group also

reported that they more frequently missed opportunities for dis-

cuision during instruction at the CAI teaching terminal. The

most likely interpretation of the differences in attitudes of

the high and low aptitude groups is that poorer performance pro-

duces more negative attitudes toward the instructional method

0
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Table 8.6

Comparisons of High and Low Aptitude Groups
(as Measured by the SAT) on CAI Attitude

and Performance Variables

,=11M,111.1111.11MIIMMMXWIN

Variable

Low High
SAT (n=8) SAT (n=12)

X X

Pretest 0.12

Posttest 1 12.0

Posttett 2 13.6

SAT V: 420.9

SAT M 479.3

Ratings of Course:

Fast 3.9

Interesting 5.2

Relaxed 3.6

Good 3.5

Fair 3.8

Deep 4.8

Valuable 4.4

Active 4.5

Easy 2.2

Flexible 3.2'

Machine Fast. 4.6

More attention
to machine '4.0

Did-not miss oppor-
tunities for
discussion 3.1

Total Errors 35.0

Content Errors 30.6

i-6rm Errors

Mean Time' 206.1

Mean No. Remedial

0.83 + 2.20 .05

16.50 + 1.49

15.9 +, .70

607.5 +10.90 ..001

541,5 + 1.S1 .10

4,0 .14

5.3 + .10

4.8. + 1.08

5.2 + 2.14 .05

5.9 + 2.42 .05

4.3 .51

5.1 + .80

4.9 + .43

4.4 2.85

4.3 + 1.53

5.3 + .67

6.1 +1.66

5.5 + 2.21 .0.5

24.2 1.36

21.2 1.37

3.0 1.08

179.5 1.13

Questions 53.5 48.9 .45



regardless of what method is being used. Since aptitude corre-

lates positively with performance in the course, the differences

in mean ratings cannot be attributed to aptitude alone. Results

from the correlational analysis support the interpretation that

poor performance produced the negative rating rather than the

other way around.

A comparison of the mean posttest 1 and delayed posttest ,2

scores indicates that no forgetting took pla"e over the one week

interval. The total group mean for posttest I was 14.7, while

the mean for the one week delayed test was 15.0. The retention

evidenced after one week is probably ,a function of the nature

of the learning task used in the study. Manipulating number

,systems with bases other than ten involves learning a set of

principles which, once mastered, are probably not easily for-

gotten. In fact: the principles learned are the same principles

used implicitly by all students in working with the base ten

or decimal system. Once the Student learns to apply the rules

with number systems having bases other than ten, his vast ex -.

perience with the decimal system most likely facilitates reten-

tion.

Table 8.7 shows the matrix of intercorrelations for the.
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Scholastic Aptitude Test Scores and the CAI performance measures.

It shaiild be' remembered that the use of extreme groups on the

aptitude measure would tend to inflate correlations over what

would be obtained if the entire range of aptitude scores had

been used. The extreme high and low aptitude groups used in



Table 8.7

Correlations Among Scholastic Aptitude Test (SAT)

and CAI Performance Measures
(n=20)*

1

Delayed

SAT SAT Posttest Posttest Remedial

U M 2 2 Errors Thile Questions

Verbal SAT

Math. SAT

Posttest 1

Delayed Posttest 2

Errors made in
program

Time to complete
course

.50 .45 .24 -.41 L.10 -.18

.47 .51 -.37 -.07 -.18

.93 -.93 -.49 1-.79

-.87 -.50 -.77

.155 .81

.55

*r = 44
.05

r = .56
.01

the present preliminary analysts were selected as part of a

larger experiment designed to in-vestigate interactions between

student ability and course sequencing variables. Although the

present correlations may be spuriously high, they provide impor-

11

tant preliminary information concerning the nature of the rela-

tionships between the variables.

As can be seen in Table 8.7, correlations between the, SAT

scores and the two achievement posttest scores ranged from .24

to .51. The correlations of the verbal and mathematical SAT
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scores with-the number of errors made in the program were -.41

and -.37 respectively. These correlations fall within the range

of magnitude of correlations usually obtained between measures

of scholastic aptitude and school achievement. It is of interest

to note that one of the objectives of computer-assisted instruc-

tion is to minimize 'the correlation between student aptitude

and the outcomes of instruction by adapting the instruction to

the abilities of the learner. Thus, if all students begin to

approximate maximum achievement as measured by a criterion test,

the correlation between aptitude and achievement would neces-

sarily be decreased. Whether a truly adaptive instructional.

program can br-Ag all college students to approximately the same

level of achievement still remains to be demonstrated.

Another rather revealing set of correlations were those

of the achievement criterion tests with errors and the number

of remedial questions encountered by the student. The correla-

tions of errors with posttests 1 and 2 were -.93 and -.87 respec-

tively, while the correlations between posttests 1 and 2 abed

errors is surprisingly high in view of the fact that the modern

mathematics program included approximately fifty per cent remedial

branches designed to clear up student errors. If the remedial

sections of the course had been serving their proper functfon,

student errors made in the program would have been corrected

by the remedial branch and the student should not have responded

with the same errors on the posttest measure of achievement. If
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the remedial sections had in fact been correcting ,student errors,

one would have expected a-somewhat lower correlation between

errors made in the program and errors made on the achievement

posttest. The correlation of'-.93 suggests that the student

who was confused during the actual instruction remained confqsed

on the achievement posttest. The above interpretation is based

on correlational data and small samples and is therefore highly,

tentative; however, the results do call attention to the problems

of evaluating the effectiveness of remedial branching programs

for student learning. In the future we plan to make more specific

comparisons between course programs with and without remedial

instruction and comparisons of the effects of different types

of remedial instruction.

Table 8.8 shows :the correlations between the ratings of

attitude towards CAI and the SAT and CAI performance measures.

As was seekin the .earlier analysis, in general, the higher the

SAT. and achievement in the course the more positive the reac-

tion to, CAI. The fewer errors and number of remedial questions

encountered, and the shorter the time taken, to complete the pro-

gram, the more positive the attitudetoward CAI- Although it

is difficult to interpret these relationships, it was probable

that the ,student reacted primarily to his own performance, in

CAI rather than to his liking of CAI as a method of instruction.

Several partial correlations were computed between the SAT scores

and the Good-Bad rating holding posttest performance constant.

lJ

9

9
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When student performance is held constant, the correlations be-

tween the SAT scores and the Bad-Good rating decrease and become

nonsignificant. In the case of the verbal SAT, the correlation

dropped from .38 to .17,,while for mathematical SAT the corre-

lation dropped from .51 to .34.

Problems in interpretation of self-report data are not un-

common in many different areas of research. The present judg-

ment of the investigators is that the utility of the Reaction

Inventory has probably been exhausted. Since self-repOrts are

inexorably entwined with a host of complex effects, it is fre-

quently impossible to determine precisely what the student's

self-report is measuring. As demonstrated in the present study,

the self-report, rather than measuring the student's attitude

toward a method of instruction as sudh, appears to be v,easuring

his reaction to his own performance. If this is the case, the

self-report is providing very little new information over that

of the performance measures. The self-report measure was em-
.

ployed in the present investigation in lieu of the development

of more adequate criteria. As such, it served its purpose by

suggesting hypotheses for further study.

The results of Table 8.8 also show that the student's rat-

ings on the Shallow-Deep scale and on the Difficult-Easy sCale

appear to reflect his perception of the difficulty of the course.

Both scales appear to correlate with aptitude and performance

in the expected directions.



Several findings obtained with the second sample of students

bear on some earlier results obtai led with the initial group

of 47 students. The reader will recall that a fairly large percen-

tage of students reported being slightly tense during the first

hour of instruction in the first tample. In analyzing the data

for the second sample, essentially zero correlations were ob-

tained between performance in CAI and the Tense-Relaxed rating.

So far as this small sample of students is concerned, it appears

that whatever the student is reflecting on this scale does not

relate to his performance in the course. This finding illus-

trates another common difficulty with self-report data: what

the student says he does and what he does are frequently two

different things.

The correlations of the CAI performance measures with the

Slow-Fast rating simply reflects the student's perception of

his rate of performance in the course. Thus, the students a-

chieving higher scores on the posttests, making fewer errors

in the course and taking less time to finish the material, tend

to rate the course as fast compared to students scoring lower

on the posttests and making more errors.

One finding of considerable importance relates to results

obtained in the initial sample of students. The number of

correct answers entered in wrong form was found to correlate

-.80 with performance on the achievement posttest in the second

sample. It was tentatively concluded in the earlier study that

9

C
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Correlations Amon Scholastic Aptitude (SAT),
CAI Performance Measures, and Attitudes

Toward CAI (n=20)*

4.7100110111Mna.1[1.0

Ratings

Course
"Fast" Good Fair Deep Valuable Easy.

mlimemilm

Verbal SAT -.18 .38 .46 -.39 .17 .37

Math. SAT .06 .51 .09 -468 .31 .26

Posttest 1 .44 .55 .00 -447 .32 .45

Delayed
Posttest 2 .58 .49 -.16 -.47 .34 .44

Errors -.47 -.46 -.06 .34 -.20 -.39

Time -.5i -.42 -.13 .36 .11 -.49

Remedial
Questions -.53 -.29 .17 .37 -.22 .30

*1.05 = .44

1.01
.= .46

"bugs" encountered by the student in the course or correct

answers entered in wrong form tended to seriously interfere with

student learning. The results for the second sample tend to

support this conclusion. The occurrence of wrong form errors

tends to encourage content errors (e.g., the two are correlated

.79) which in turn tends to produce poor posttest performance
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(e.g., -.80). These data simply further emphasize the impor-

tance of partial7answer,rAcessing.of student responses so that
A

an answer which' is cortdct in its essential. 0 Ments is accepted

as correct by the computer.

Finally, although the A6mbers In each group are small, It

is, of interest to compare the distributions of posttest perform-

an.c for tile:tilo'iii,gh.and, low aptItude_gromps.... distria,

butions are shown in Table 8.9. Perhaps ,the most striking 61)-

seriation of student performance in CAI is the tremendous Varia-

bility in performance and the large overlap of the distributions

of high and low aptitude Ss. Clearly the majority of Ss in both

groups demonstrated considerable learning on the achievement

posttest. Only three Ss (one student in the high group) appeared

to exhibit little or no learning on the posttest. Nevertheless,

the fact that even three, students of college-level ability seem

to exhibit no learning after instruction designed to adapt to

individual differences by providing the necessary remedial work

is the challenge still facing researchers interested in the prob-

lems of student learning in adaptive instructional systems.



Table 8.9

Distributions of Posttest Achievement Scores
of High and Low Aptitude Groups

..11.11Wieliiig

00111.1111010

Scores Low SAT High SAT

21-22

19-20 1

18-19 1

16-17 2

14-15 1

12-13

10-11

8-9 1

6-7

4-5

2-3 1

0-1 1

8

.11...l..............w

5

2

amilINNIVIEmni

12
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CHAPTER IX

DEMONSTRATION AND DISSEMINATION

One major purpose of the present project was to provide

demonstrations to educators of a functioning prototype of a CAI

system and to disseminate information pertaining to our experi-

ence With ZAI. This objective was based on the assumption that

implementation of educational innovations is most likely to'

occur as a result of live "hands on" demonstrations given to

educators. To make some inroads in the problem of information,

dissemiAation, the project undertook a large number of live

demonstrations of.CAI, produced a video-tape demonstration and

a 16mm sound color film on CAI, prepared several short demon-

stration courses, illustrating different aspects of CAI, presented

and,published several research reports of preliminary results

with CAI,' and conducted' a conference on the application of CAI

to the in-service preparation of teachers. Each of these activi-

ties is summarized

Otir guestbook. contains 981 names of visitors to the CAI

Laboratory at Penn State, but it is estimated that over 500,

indivfduals have seen a live demonstration of, CAI at the Labo-

ratary. These individuals possessed many different backgrounds

of experiences such as educator, psychologist, State Director

of Vocational Education, writer, Director of Teacher Education,

Professor of Engineering, Professor of Mathematics, physiologist,
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sociologist, counselor, military officer,and newspaperman.

Professional educators from Denmark, Hong Kong, France, Sweden,

Australias Bulgaria, China, Germany, Sudan, and many other

western nations have been among our most interested visitors.

Many of the demonstrations have promoted much stimulating dis-

cussion concerning the potentials of CAI in a variety of educa-

tional situations.

In addition to the live demonstrations, the writers in

cooperation with the. Instructional Television Services of The

Pennsylvania State University, produced a video-tape demonstra-

tion of a student working at the CAI teaching terminal. This

video-tape is shown regularly to students in the introductory

educational psychology courses which prepare several hundred

potential teachers per term. The taped demonstration was also

shown to a conference in continuing education and to a group at

the United States Office of Education in Washington.

During the summer of 1965 the instructor, of the intro-

ductory educational psychology course invited Professor Hall

to participate in the, preparation of a 75-minute video taped

discussion on prognmmed instruction and particularly on CAI.

The program developed the historic and scientific progress of,

programmed instruction and utilization procedures for teachers

with,particular emphasis on CbI which included Oemonstration of

a CAI course incorporating all of the available functions, taped

recorded messages, and projected images from the slide projector.

C
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Several short demonstration courses have been prepared to

illustrate various capabilities of CAI to the visitor. The

courses may be briefly described as follows:

mdl and md2 - a short segment, of, material covering several
elementary concepts of educational measure-
ment. The demonstration illustrates various
capabilities of the slide projector and tape
recorder units. The course also includes a
five question quiz related to the concepts
taught. The student's score is typed for
him, and he is told specifically which ques-
tions he missed on the quiz. The program
then branches to a remedial section, and the
student is given specific information-on why
the specific answer he chose for each Missed
question was wrong and in addition the correct
answer.

spa-430x - The first chapter adapted from the course -
speech pathology and audiology, which
designed to, teach, students the anatomical
parts of the outer, middle, and inner. ear.
This chapter provides computer branching
decisions based upon the student's ,prior
knowledge about certain segments, the stu-
dent's accumulated responses to previous
material:: end 'the ,student's performance on
quizzes throughout the course.

The following papers have been presented reportirig prelimi-

nary .findings of the present CAI project:

-Wodtke, Kenneth H. and Mitzel, H: V.E. Someinvelimifiary

results an the reactions of students to computer-
.

assisted instruction. A paper presented' at the
IBM Conference on Computer Assisted Instruction,
T. J. Watson Research Center, Yorktown Heights,
N. Y., February 2, 1965.

Wodtke, Kenneth H., Mitzel, H. E., and Brown, B. VR. Some

preliminary results on the reactions of students to
computer-assisted instruction. A. paper presented at
the Pennsylvania Educationa) Research Association,
Utiversity of Pittsburgh, April, 1965 .
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Wodtke, K. H., Mitzel, H. E., and Brown, B. R, Some pre-
liminary results on the reactions of students to
computer-assisted instruction. Proceeds nn of the
73rd Annual Convention of the tuir7CileriiThin-o-Tall
riTicriffOil:111637151W was TeiTITt e
meeting.

Wodtke, Kenneth H. On the assessment of retention 'efficts

in educational November 1965.
(Revised.-FebrOarY71006)
-Presented at AERA on February_15, 1966.

liddtke.K: H; Computeritssisted'Instruction; A simulated
,tUtOrial approach. 'Paper presented to the National
:SoCiety of*Cotlegeleachers in Education, Chicago,

1966.'.*

,

)1.syMposium on the topic computer assistance
for researCh.otrinstrtiction at the American Educational
ResiarCh Atsociation-'Convention, plicago, Illinoisr
February, 1966.

Wod4e, K. H. and -Gilman,.D. A. Some comments on the
efficiency of the typewriter interface in computer-
assisted instruction at the high school and college
leVels. A paper presented at the Annual Convention
'of theAstociation of Educational Data Systems,
Philadelphia, Pennsylvania, May 1966.

,Mitzel, Harold E. Five major barriers to the development
of computer-assisted instruction. August 1966.
Remarks prepare'd for American Management Association
Meeting, Americana Hotel, New York City, August 12,
1966.

Wodtke, Kenneth H. EduCational requirements for 'a student=
subject matter interface.
Paper presented at'Spring Joint Computer'Conference,
'Atlantic; City, New Jersey, April "19, 196.

Hall, Keithlt.', Adads,,Marilyn,'and TardibUono, J. Cueing
and feedback in computer- assisted instruction. Paper
presented at NEA National Convention, Department of
A -V Instruction, Atlantic City, New Jersey?, April 5,
1967.

Wodtke, IC: H . Some perspectives on computzr-assisted instruc-
tion. Paper presented to the Pennsylvania Educational
Research Association, Bucknell University, May 19, 1967.
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Mitzel, Harold E. Computer assisted instruction - origins,

definitions, and growing pains. Paper presented to
the American Society for Engineering Education Annual
Meeting, Michigan State University; East Lansing,
Michigan, June 21s 1967.

A conference was held at Penn State on April 6, 1966,,to

discuss the applicationof compute: - assisted instruction to in-

service preparation of Pennsylvania teachers of modern mathe-

matics. A current problem in the area of mathematics instruc-
I '

tion is that of updating the preparation of teachers in the °new

mathematics`" Existing in- service. preparation methods are slow,

and frequently only reach a small percentage of teachers. During

the above conference, memberl of the Penn State CAI project dis-

cussed with educators from Oe Pennsylvania Department of Public

Instruction the possibilities of providing such instruction by

means of remote CAI teaching stations placed at strategic loca-

tions throughout the state,. Although there are a number of

problems still to be worked out concerning the practical applica-

tion of CAI, it was the general impression of the conference

that such an application was feasible.

In January 1967 a one-day conference for superintendents

and principals was held., in Williamsport, Pennsylvania, at which,

time the research, conducted, by the, CAI staff and the use and

potential of CAI were discussed under the direction of Professor

Riedesel and Miss, Suydam of, the CAI staff. This conference

summarized a CAI project which was conducted during the fall,

1966, by. the Williamsport Area School District sponsored by the
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U. S,. Office of.Education under Title III of-the*Elementary and

Secondary Education Act. The IBM T. J; Watson Reseirch Center

at Yorktown Heights, New York, provided fulltime computer

service'for the forty elementary school teachers 'of mathematics

who participated in the in-set-Vice "hands-on" terminal Oesenta-

tion of the modern mathematics course.

A second confei'ence on computer- assisted instruction,

sponsored by the Office of Naval Research, was held at the

.Conference Center of the Penn State CaMpus.' CAI staff Members,

intiuding'Professors Mitzel, Hall and Wodtke, made 'presentations

to' an audience" of 67 professionalsinte'rested*and'involved with'

programed learning and specifically computer-assisted instruc--

tion. Al l members attending this invitational conference were

provided time for a live hands-on demonstration at the CAI

terminals and a visit to the Computation Center at Penn" State.

A number of off-campus live demonstrations have been ar-

ranged and conduCted by the Penn State` staff. The first off-

campus demonstre. n occurred on October 30 through November 2,

1965, at the' American Speech and Hearing Association (ASHA)

Convention in the Sherman Hotel in Chicago. A display area,

9 feet by 20 feet, was. constructed and contained display panels

of information about computor-assfsted instruction. In alidition

to this exhibit, a brochure was printed and distributed to inter-

ested visitors in the exhibition hall. Professors Mitzel (Project

DirectOr) and Siegenthaler (course author for speech pathology,

and audiology ) and Mr. Jeffrey Katzer (graduate assistant to



173

Dr. Siegenthaler) represented Penn State and conducted the

demonstrations at the exhibit. A closed circuit television sys-

tem with a video-tape recorder was used as an integral part of

the exhibit. During those times when computer service was not

available, a video-tape recording of aCAI demonstration espe-,

cially prepared for this convention was shown on a closed cir-

cuit system.

From November 30 through December 2, Penn State .again ex--

hibited the audiology course taught by CAI at the Fall Joint

Computer Conference in Las Vegas, Nevada. Professor Hall, of

the Penn State Staff, conducted this demonstration which was

houst..! in a speciA exhibit area entitled "Computer Dimensions

in Learning." Although thelarge display material was not used

fore this conference, the closed circuit video-tape system and

the on-line audiology course were used. During the course of

the conference, six organized tours of approximately thirty

people each were conducted through this special exhibit area

At that time, an opportunity was provided for each exhibitor to

explain- and describe to the group their efforts in utilizing

computers for instructional purposes.

The American Educational Research Association (AERA) held

their annual convention at the Pick Congress Hotel in Chicago,

Illinois, from February 17 through February 19, 1966. The Penn

State CAI Laboratory was invited to provide an educational dis -,

play for the convention. This was the first exhibit of its type
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that has been 'shown at an AERA convention. Again the large wall

panels and the'complete exhibit were trucked to Chicago for.this'

exhibition; the cloied circuit video-tape recording equipm..nt

was Oted'on a*standby basis only. The Penn State Computation

Center and the IBMI: J. Watson Research Center at.Yorktown_

Heights, New YOrk, were able 'to provide us with full-time com

puter service for this convention. This was the first.large7

scale:Utilization of the Penn.State Computation Center for CAI

purposes land our "experience was most gratifying. In addition

to our'clilied circUit'video-tape recording equipment, ,we had a

small camera.mounted-above the CAI terminal sp'that the material

being'typedfor"the student Mild be.seen.by,a large .group of

ebserier§''On a television monitor 'which was part of the exhibit.

The sta?f representing the CAI Laboratory for this exhibit were

'Profeitorilijorkquitt; Hall ,Johnson, Mitzel,Siegenthaler, and

Wodtke;l4r:JeffreyKatzer also,participated4

Ihe'AmdfCin-PerontiO and Guidance 'Association held ,its

annitil'COnVention at the Municipal Auditorium in Dallas, Texas,

from Makh 104through Marth 23,1967., It,was estimated that

approximately two thousand members viewed the CAI. exhibit which

cons4ited Of'on-line'course segment presentation. During the

times4hin'ComOuter'Service was not available, a continuous loop

slide tape piesentation was in operation. The" staff repre-

senting the-CAI Laboratory for this exhibit were_Profes.sors

Im011itteri, and Campbern Mr. Scott Kostenbauder also partici-

pated in the presentation of this demonstration.
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From April 6 through April 8, 1967, Penn State again ex-

hibited the audiology course taught by CAI at the Pennsylvania

Speech and Hearing Association annual meeting in Pittsburgh,

Pennsylvania. The complete display set-up was used for this

presentation, which was, conducted by Professors Mitzel and

Siegenthaler, with Messrs. Kenneth Getschow and James Stauffer

Assistinri.

Other dissemination activities have also been undertaken

by the staff members of the CAI Laboratory. Professor Cramer,

Lus;hor of the CAI introductory management tccounting course,

published an article in the January 1966 issue of Management

Accountin9, which is included as an appendix to this report.

He has also lectured to honor students in business administration

on 'the University Park campus and to the Convention of Accounting

Professors of the State of Pennsylvania. Professor Cramer pre-

sented a lecture to graduate students of Atlanta University

entitled "The Computer as a Medium for Teaching of Accounting."

Professor Riedesel, author of the modern mathematics course,

made presentations about CAI at the convention of the National

Council of Teachers of Mathematics, at the Americana Hotel, New

York City, on April 14. His presentation included the use of

an overhead projector and a slide projector for displaying 2 x 2-

inch slides pertinent to CAI. Other similar CAI presentations

made by Professor Riedesel were in Philadelphia to the Associa-

tion of Educational Data Systems; in April 1967 at the National



16- 176

Elementary Principals Conference in Boston, Massachusetts, at

which time his talk centered around the information gained from

experience with CAI and directions in elementary school mathe-

matics, and on May 6, 1967, to the New Jersey Section of the

Mathematical Association of America in New Jersey, on CAI in

modern mathematics

Professor Mitzel has made several presentations regarding

CAI. He participated in a regional research conference held at

University ,Park campus on November 3, 4, and 5, 1965. This

conference was attended by researchers in the field of Agricul-

tural Education from 12 states and from the U. S. Office of

Education. Professor Mitzel showed the video-tape recording

a CAI demonstration for this group of people. This same viduto-

tape recording was also used by Professor Mitzel for the Council

of Academic Deans at Penn State University on February 28. A

set of 2 x 2-inchcolored slides have been prepared illustrating

the CAI effort at Penn State. These have been ,red extensively

by-Professor MitzeI in .various presentations he has made. One

presentation was to a group of about 20 graduate students at

the Institute for Educational Communications at Syracuse Uni-

versity on April 6, 1966. Another presentation was made at Kings

College at Wilkes-Barre to the Higher Educational Regional Group

on May 10, ,0n June 21, 1967, Professor Mitzel presented a paper.

to the American Society for Engineering Education at their annual,

meeting at Michigan State University, in East Lansing, Michigan..
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Professor Wodtke has participated in several TAnel.discus-

sions and presentations regarding CAI, In September.1965.he

presented a paper on CAI at ,the American Psychological 4socia-

tion meetings in Chicago, Illinois. He also participated in a

panel discussion at the American Educational Research Associa-

tion meetings in Chicago and during the same period participaiej

in a panel discussion which was organized by the Penn State staff

at meetings of t:ie National Society of Colleges of teacher

Education. -A paper was presented in early May 1966 at the.

American Educational Data Systems convention in Philadelphia,

Pennsylvania; another at the Pennsylvania Educational Research

Association at Bucknell University on May 19, 1967; and one on

the educational requirements for a student-subject matter inter-

face, a paper which is included as an appendix to this report,

at the Spring Joint Computer Conference held in Atlantic City,

New Jersey, ovt April 19,.'1967.

The final dissemination aspect of this project is a 24-
,

minute 16mm sound, color film on computer-assisted instruction

produced under the direction of Professor Donald W. Johnson.

The title "Sign on/Sign off" is suggestive of one unique require-

ment of this type of instruction.

The main purpose of the film is to generate an interest in

computer-assisted instruction and a desire on the part,, of the

viewers to further explore the potentials of this new medium.

The intent, therefore, is to motivate the audience to further



explore and study. By so doing, they shoudd become better in-

formed potential users of computers in education.

With the above objective in mind, the film contains "short

sequences of computers in operation, students at the terminal,

teaching-learning situations, remarks of experts, close-ups of

displays and type-outs, and other .short segments designed to be

visually-interesting. Scenes are numerous and short to the,

interest of'the viewers.

The film is intended primarily for educators.who have had

no introduction to computer-assisted instruction. The'audience

could be in- service teachers or administrators,-college students

planning-to Inter the field of education, or interested, informed

people outside the field of education. Where possible, the

language is non-technical.

After a brief introduction, Sign off seeks to estab-

lish the need for technology in education by showing school

scenes of the early 1900's and contrasting these With current

needt; social and technological developments are depicted. The

Socratic method with an emphasis'on individual differences is

related through scenes of a master teacher and five students in

a learninv situation. The next scene shows learners atthe

terminal interacting with the same material as,in'the

scene; parallels are drawn between teaching as acco6plished-by

a 'caster' teacher and that of a computer. Emphasis is again on

individualized instruction to meet unique needs of the learners.



The audience is shown how CAI works through an animated sequence

utilizing abstract forms to relate certain mechanical and elec-

tronic functions. The final scenes are of educators connected

with the Penn State project cownting, in their own words, on

certain aspects of computer-assisted instruction of interest to

the audience.

The 16mm sound film is in color and approximately 24 minutes

in length. It was produced by The Pennsylvania State University

Motion Picture Production Studio, and when approved by the staff

of the U. S. Office of Education, the film will be available

through the usual distribution channels.
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Appendix Al

Summary of Coursewriter Operation Codes

Primary

rd - Computer types text and waits for the student to signal
completion. Commonly used to display a reading assign-
ment to a student.

rdn - Same as rd, but does not update restart address.

gu - Computer types text and waits for student to type i response.
Commonly used to display questions or problems to a stu-
dent.

gun - Same as qu, but dims n t update restart address.

Major. ,

ca - Correct answer to be stored in memory for comparison with
.student's,answerl,

" A .

cb Simirar to ca - used to identify a set of alternate correct
answers - the subsequent action is to be the same regard-
less of WO answer in the set is matched by, the student's
response.

wa - Wrong, answer to be stored for comparison with student's
answer.

wb - Similar to wa - used to identify a set of alternate wrong
answers - the subsequent action is to be the sate regard-
less of which answeYjn the set is matched by the student's
response.

as - Anticipated answer - similar to' ca and wa, b t not foliowed.
:,by implicit tbranch.

ab - Similar to Aft - used to identify a set of alternate antici-
pated answers - the subsequent. action is to be the same
regardless of which answer is matched by the student's
response., . r.

un T6xi,to, be typed_itthe stOint.'s answer is not one. of the
specified CorreCt.or,,wrpng_ansWers,
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nx - Instructs the computer to execute the instruction(s)
immediately following the nx. The purpose of the nx isto change a minor operation code (e.g.9 ty or fn) to amajor operation code.

xl - Time limit - computer ignores anything typed by the stu-dent after the specified time has lapsed.

Minor

- Computer types text and continues without waiting for anyresprlse from the student.

btu - Branch - alters the sequence of execution
Unconditional: branch is always taken
Conditional: branch is taken only if

condition is satisfied.
particular

ad - Adds (algebraically) a number or the contents of a counterto a counter. Commonly used for accumulating a student's
errors or response times.

ld - Load - clears a counter and adds a number (or the contentsof a counter) into a counter. Load may also be used'tose., a switch to 0 or 1.

Divide' content's 'of a counter by a constant or by the num-ber in a counter.

Multiply contents of' a' counter by a-Constant or by t e"number in a counter.

110L-

WI' Seek 'And rioiitiOn'a sltdes bbt doeSilot displaY-it.

471y7:ay a tape recorded message.

- Seek and position tape recorded message e-bUt does not playit.

for Record a` tape recorded message:

fn - Computer executes the specified function. Functions arespecial series of instructions (written in a machine
language subprogram) so that the computer can do proces-
sing which cannot be done' by using only the doursewHter
operation codes.

*.rwom
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fn, slide//n - The display slide ftinction is used to present
a slide; n represents the number of the slide to be_
displayed.

slide//nx - The seek and position slide function will seek
and,positton slide will notihow the slide until a
display slide lunctionoccurs in the program.

fn - tape//n - The play tape function will play tape recording
number ne

fn tape//nx The seek and position tape function causes tape
recording number n to die positioned. The recording, will
not play until a tape play function occurs in the program.

fn - dc// - The ils"...pity. c-counter function is. used to display
the contents of a c-counter to the student.

fn dx// -,The x-counter function is used to display
the, contents of an x-counter to a student.

fn wait, fOnction allows the, author,to,delay the
.-program. b.eforc-execution.-

fn kwirr The ,key function al hiss., the author to, specify
one or more,key words which must be matched in the.,stu-
tent.'s answer.-

fn - kwo// - The key. words ordered function is siiilar to the
key word funttfon. However, the key word ordered func-
tion also requires that the matched key words in the
student's response are entered in a specified order.

fn - kwi// - The Ity. words initial function searches for the
words that have been entered in the ca or wa. If the
function finds a word in the student's response not in
the ca or wa, the function is terminated.

fn kw//io - The ku, words ordered and initial function
searches for key words in the studea7s response. Thi6
function insists that the student's response be in a
certain order and also checks to insure that there are
no unmatched key words in the student's response.

fn - lim - The limits function allows the author to specify
mathematical Hilts within which the student's numerical
response will be acceptable.

187



fn - pa0// - The partial answer zero function allows an author
to disregard extraneous arscrepancies between a student's'..
response and the text of a cas wa, or aa; This function
is used to process answers which ar.. misspelled or
partially correct.

fn irandff- The pseudo random inte er function allows authors
to specify that a pseudo random integer be placed in a
1-counter.

fn - ic// - The initial characters function allows authors to
specify that EWTra certain designated number of initial
chatacters in the student's response, are to be compared
with a subsequent ca or wa. The function also allows the
author to specify that characters in certain positions
of the student's response are irrelevant and are to be
considered matched. .4

fn - ed// - The edit function allows an author to edit the stu-
dent's respiiie by replacing or, deleting characters.

fn - sb// and rb// - The save and branch function (sb) allows
the author to insertTiOne place within a course a
certain sequence of material (subroutine)which can be
branched to repeatedly thus limiting the necessity for
programming the same material at repeated plates within
the' course.. The return branch (rb) function returns the
student to a point irille course as directed by an address
indicated in the text of the sb function.

' 4 .1,s;
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*.APPENDIX B.1

SAMPLE OF STUDENT'S TYPEOUTs

A Sample of Dialogue between.a Student
and the Computer for a Section

of Instruction on the Anatomy of the Outer Ear

Computer

make a request

03/31/66 12:18

L. Dicken spa430

1-1. Following the normal pathway
of sounds type the names of
the three main divisions of
the ear In their correct order,

',5tu'dentEgO.2onsets

(gOB)

Good.

1-2. What is another name for the
external ear?

is one part of the external
ear. The desired term includes
all of the external ear. Try
again.

Correct. Another name for
the external ear is the
outer ear. Be careful of
your spelling and typing.

111110.1.1111111.1111.1111MMINIMMIM=11111

outer, middle, inner

external auditory meatus

outer

1 All student responses appear on the right.
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1-3. What is the name for that
part of the external ear
most visible, and on the
outside of the head?

What 14 t4e -tem .used in
Newby4r*Figure 24 on
page 16, for the externally
most visible part?

Ccrrect. The terms Hpinna"
and auricle are synonymous.

1-4. What small structure of the
ear divides the external
ear from the middle ear
(you need a SPECULUM to see
it)?

et

is correct. However, a
more technical name that we
shall be using is: tympanic
membrane type : tympani c
membrane and press : EOB

Student Etsmitsla

oar

pinna

,

eardrum membrane

tympanic membrane

;

, `:= t

,
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APPENDIX C

C.1 Student Attitude Toward Computer Assisted
Instruction

Pa,ge. No.
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Appendix C.1

STUDENT ATTITUDE TOWARD COMPUTER ASSISTED INSTRUCTION

This is not a test of information; therefore, her is' no one "right" answer to a question.

We are interested in your opinion on each of the statements below. Your opinions will be

strictly confidential. Do not hesitate to put down exactly how you feel about each item.

We are seeking information, not compliments; please be frank.

NAME
DATE

NAME OF COURSE

CIRCLE THE RESPONSE THAT MOST 'EARLY REPRESENTS YOUR REACTION TO EACH OF THE STATEMENTS"

BELOW:
4 7

1. While taking Computer Assisted Instruction I felt challenged to do my best work,

1 :

I
I

6

Strongly Disagree Uncertain Agree Strongly

Disagree
Agree

2. The,paterial presented to me by Computer Assisted Instruction caused me to feel that

no one' really wed whether I learn0 or not.

:

Strongly
Disagree

3. The method by which

monotonous.

'Disagree Uncertain Agree Strongly
. Agree

was told whether I had given a right or wrong answer became

.Strongly Disagree Uncertain Agree Strongly

1Disagree
Agree

4. I was concerned that I might not be understanding the material.

,Strongly

Disagree

Disagree *certain Agree Strongly
Agree

5. I was not concerned when I missed a question because no one Was-watchtng me anyWay.

" t Strongly Disagree

Di 5 agree

Uncertain Agree Strongly
Agree
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,6. While taking_Computer Assisted Instruction I felt isolated and alone.

7.

All the
time

While taking
conversation

Most of
the time

ComPuter Assisted
with me.

Some of Only_ Never
the time, occasionally

Instruction I felt as if someone were engaged in
.?

All the - Most of Some of
time the time the time

8. The, responses to Ry_answers seemed appropri ate.

All the. Most of
the time

Some of
the time

Only
occasionally

Never

Only Never
oCcasionally'

0, I felt ulicc.wtain as to my performance in the programmed course relative to the
'performance of others.

All the
time

Most of
the time

Sonie ,of 0m1Y'

the time occasionally
Never

,

10. ,I found myself just trying to get through the material rather than trying to learn.

.

. All the
time

Mcst of
the time

Some of
the time

Only
occasionally

11. I knew whether my answer was correct or not before I was told.

Quite often Often

12. I guessed at the answers to questions.

Quite often, Often

Occasionally Seldom

Occasionally ' Seldom

Never

'Very Seldom

13. In a situation where I, am trying to learn something, it is important to me to
know where I stanerelative to others.

Strongl
-c.

Disagreey._

Disagree

0

Uncertain ' Agree

ro

Strongly
Agree
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14. I was encouraged by the responses given to my answers of questions.

Strongly Disagree Uncertain Agree Strongly

Disagree Agree

15. As a result of having studied some material by Computer Assisted Instruction, I

am interested in trying to find out more about the subject matter.

Strongly Disagree Uncertain

Disagree

Agree Strongly
Agree,

1G. In view of the time alloWed for learning, I felt too much material was presented.

All the
time

17. I was more involved

All the
time

Most of
the time.

Some of Only

the time ,occasionally

Never

in running the machine than in understanding the material.

Most of
the 'time

Some of
the time

Only

occasionally

18. I felt I could work at my own pace with Computer Assisted Instruction.

Strongly Disagree

Disagree

Uncertain Agree

19. Cgmputer Assisted Instruction makes the learning too mechanical.

Strongly
Disagree

Disagree Uncertain Agree

Never

Strongly
Agree

Strongly
Agree

20. I felt as if I had a private tutor while on Computer Assisted Instruction.

Strongly
Disagree

. .
.

Disagree Uncertain Agree

21. I was aware of efforts to suit the material specifically to me.

Strongly
Disagree

:

Disagree Uncertain Agree

Strongly
. Agree

Strongly
Agree

..11041k11.1
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I found it difMult to concentrate on the course material because of the hardware..

All the
time

Most of
the time

Some of
the time

a.

Only
occasionally

23. The Computer Assisted Instruction situation made me feel quite tense.

Strongly
Disagme

Disagree Uncertain Agree

Never

Strongly
Agree

24.. uestions were asked which I felt were not relevant to the material presented.

All,the
time

25. Computer Assisted

Strongly
Disagree

r.ast of

the time

Some of
the time

-

Only
.occasionally

Instruction is an inefficient use, of the student's time.

Disagree Uncertain Agree

Never

Strongly
Agree

26. I put in answers knowing,_they were,wrong in order to gct.information from the machine.

. :
. . .

. .

Quite often Ofter. Occasionally Seldom Very seldom

27., Concerning the course material I took by Computer Assisted Instruction, my feeling

,
toward the material before I came to Computer Assisted Instruction was:

.
.

:

Very Favorable Indifferent Unfavorable Very

favorable unfavorable

28.- Concerning the course material I took by Cavuter Assisted Instruction, my feeling

toward the material after I had been on Computer Assisted Instruction is:

Very
favorable

Favorable Indifferent Unfavo-lble Very

unfavorable

29. I was given answers but still did not understand the questions.

Quite often , Often Occasionally Seldom



III30. While on Computer Assisted Instruction I encountered mechanical malfunctions,

.
:

0 .
. .

Very often Often l'Occasionally Seldom Very t seldom

31. Computer Assisted Instruction made it possible for me to learn quickly.

.. .
.

99

Strongly
disagree

.

Disagree Uncertain
:

Agree Strongly
agree

32. I felt frustrated by the Computer Assisted Instruction situation.

Strongly
disagree

Disagree
.

Uncertain Agree Strongly
agree

33. The responses to my answers seemed to take into account the difficulty of the question.

Strongly Disagree Uncertain Agree Strongly
disagree agree

34. I could have learned more if I hadn't felt pushed.

Strongly Disagree Uncertain Agree Strongly

disagree agree

35. The Computer'. Assisted Instruction approach is inflexible.

. .

: . . .

Strongly Disagree Uncertain Agree Strongly

disagree agree

36. Even otherwise interesting material would be bor'ng when presented by Computer

AsSisted Instrmction.

. . .

. .

Strongly Disagree Uncertain Agree Strongly

disagree agree

37. In view of the effort I put into it, I was satisfied with what I leaned while taking

Computer Assisted Instruction.

. . .

. . .

Strongly Disagree Uncertain

disagree

Agree Strongly
agree
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In view of the amount I learned? I would say CoNputer Assisted Latruction is
superior to traditional instruction. .

: * :
.

Strongly Disagree Urwartain Agree Strongly

disagree agree

Whith a course such as I took by Computer Assisted Instructions I would prefer
Computer Assisted Instruction to traditional instruction.

Strongly Disagree

disagree

Uncertain Agree Strongly
agree

I am not in favor of Computer Assisted Instruction becose it is just another step

toward de-peraonalized instruction.,

Strongly' Disagree,

disagree

Uncertain Agree , Strongly
agree

IS SPACE IS PROVIDED FOR ANY COMMENTS YuU CARE TO MAKE ABOUT COMPUTER ASSISTED INSTRUCTION.

_yr r
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Appendix 0.1

Sample of Speech Pathology and Audiology
:-- Self-Study Guide

SPA 430

This is the Penn State Course Speech Pathology and

Audiology 430: Introduction to Audiology. SPA 430 is taught

by individual work and by classroom instruction. There is one

classroom period per week. it is the student's responsibility

to schedule the required individual work at the study center

after each classroom period and before the next class meeting.

The textbook for this course is Audiology (2nd Edition) by

Hayes A. Newby. Because the study material often refers to the

book, it should be available at all sessions, as well as during

the class periods.

203
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Now proceed to the follovitntidilliaterials. They will be

given to you in this at dne

The plan is to present a question, and then to give its

answer or to give you a series of directions. There are a num-

ber of audio-visual aids, such as models and slides to help you.

Also you at4i to 141;4 a n'iimbir of *kaitdoilt to be completed

as intiiiiated. Use the study materials to. sioOri'est icivintige

but in general 'follow thi sequence as lireierited.'

The materials'are in 'Ichipters," but these are not the same

as chapters in your textbook. Each qUestion has an identifica-

tion iumber indicaiiiig chapter andq'uestioil *number. Occasionally

a nuMer will b . skipped because it is not needed, (even though

,

the questfon Was given for convenience for students working at

the 'cAt

You should ask the proctor for the necessary models, hand-

out materials, slides, and slide projector facility. The slides

are identified by Aud. numbers.

When you are finished with a study session return all models

and slides to the proctor. Keep your folder and handouts for

your own use, or leave them with the proctor as you wishe

You are to proceed with these study materials at your own

pace and schedule.

However, you must complete all of a week's work during that

week. Do not fall behind, because you must be ready for the

next week's work.



Materials forCheit

Handouts (in your folder):

Right Human Pinna

Aspects of Temporal Bone

Schema Right Earl l'ransverse.SeCtion

4 ;_

Slides (by nurber; obtain from proctor)

4, 8-9, 19-20

Other (obtain from proctor):

Pinna

Skull

, ' .;' s$

, :

,

205

; . , . ; ,

.
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SPA 430

Chapter I

If you have not done so already, read pages 16-18 i n Newby.

When this reading is completed, proceed.

Here are the main points you th.titileknowl

1. Three main dlyisionsoftheear

20 Names and functions of the parts of the outer ear

3. Names of the parts of the pinna (per your Handout)

4. Correct spelling of the anatomical terms

[i

t:

Now begin the question-answer sequence.

I-1. Following the normal pathway of sound, what are the names

of the three main divisions of the ear in their correct order.

outer ear, middle ear, inner ear

1-2. What is another name for the outer ear?

External ear is correct. The first division of the ear is

the outer or external ear.

1-3. What is the name for the part of the external ear most

visible and on the outside of the head?

auricle. or pinna. The terms pinna and auricle, are

synonymous. . . . .



Appendix D.2

ANATOMICAL SLIDE DESCRIPTION FOR SPA4'30

Week
No.

'Chapter'
'No.

Slide
-No,

I

-Title of Slide and Brief Description

1.--'.,-..,1

-1------17-

1

1

I

1

1

1

1--

-
,

1

1

--4

: ,8
.,. ,

9

19

20

.

*THE RIGHT MAN PINNA (Similar to Still.
dent'sJiandout with no parts labeled)

-THE RIGHT HUMAN. PINNA (Thil has seven_
of,the:parts labeled)

*THE RIGHT HUMAN PINNA -(SimiIar to stu-
dent's Handout with all parts. labeled

*ASPECTS OF TEMPORAL BONE (Similar to
:student's Handout wittvall parts
labeled)

,
,

*SCHEMAJRIGHT.EARTRANSVERSE SECTION
(Similar to student's Handout with

'.'altPartSjlabelec
. . .

2

2

-:-2H

;;2-,,;-:;31,

, 28

29

30

,

1

RIGHT'TYMPANIC_MEMBRANEAThis slideAsy
used to,cpizstudents on the CAI
terminal-to see whether or not' they .

know four parts of the tympanic
membrane.)

: RIGHT MEMBRANE (Part of the
student's Handout is filled in and
labtled.y

*RIGHT TYMPANIC : MEMBRANE (Similar to
studenVs,Handout with all parts :

filled in.)
k ' e

-.,*LEff,TYMOAW, MEMBRANE (Filled in and
,completelabeled student's Handout.)

, .

-
,. ..

2 .3, '-H,'3'2

,

: 'SCHEMA: MIDDLE EAR (Part of student's
. Handout filled in, no labels.)

SCHEMA: MIDDLE EAR More of student's
Handout filled in, again, no labels.)
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Week
No.

2

2

2

2

Chapter
No.

3

4

'4,

4

Slide
No.

34

35

36

37

40

41

42

45

46

Title of Slide and Brief Description

SCHEMA: MIDDLE EAR (Part of student's
Handout filled in and labeled.)

SCHEMA: MIDDLE EAR. (Similar, to slide
34 with the sole exception that the,
stirrup has been added td the,.oVal
window, and is highlighted.)

SCHEMA: MIDDLE EAR (Partially completed
student Handout and labeled.)

*SCHEMA: 'MIDDLE' EAR (Completedrstu4nt
Handout, all parts labeled.)

*HAMMER (All'parts of the hammer are
labeled.)

*ANVIL (All parts of the anvil are labeled.)

*STIRRUP (All parts of the 'stirrup are
labeled.).

*OSSICULAR ARTICULATION (Various ligaments,
membranes _are shoso,in red.)

*OSSICULAR 'ARTICULATION (The inward; phase
of sound is shownmith orange arrows
throughout.)

*OSSICULAR ARTICULATION (The outward
phase of sound is shown with green
areows'throughout.) "'

60

68

77

*EUSTACHIAN TUBE SECTION (Similar to
student's Handout witW-all parts
labeled: -)'~

*PHARYNX AND ADJACENT STRUCTURES
(Similarto student's. Hatidout,with
all' partsvlabeled0

*SCHEMATIC OF MOUTH' (Siiiti
Handout with all parts.labele4.)
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Week
No.

Chapter
-No.

'Slide
No. Title of Slide and Brief Description

2

2

2

2

2

4 .

2

2

2

2

2

2

2

6

6

6

6

6

6

9a* *LATERAL VIEW OF SUPERFICIAL MUSCLES OF
FACE AND NECK-.(Masseter and sternocleido-

mastoid muscles shown)
4 t '

4
,

lla *LATERAL VIEW OF PHARYNGEAL CONSTRICTORS
(Shows pharyngeal constrictors.)

33a *ORAL CAVITY (This is taken from Netter
plate #1.) 4

34a *PHARYNX (SAGGITAL SECTION) (This is
Nettelos- plate,16.)

*MUSCULATURE OF PHARYNX (This is
Netter's plate420.,)

4

35a

36a *PHARYNX (VIEWED FROM
,

BEHIND); (This it

,
.Netter,'s plate417:),

37a *MUSCULATURE OF'PHARYiX (VIEWED FROM
BEHIND) (Netter's plate #21.1

38a *MUSCULATURE OF :PHARYNX (SAGGITAL SECTION)

(NetterPlate MO L. _ ,.. :-
6, ;' 39a .*ROOFAF MOUTH (VIEWED FROM BEHIND)

Ilietter's_plaU*.450
,,, . -,,, ,:- :,-

4

6 40a *FAUCES (SAGGITAL SECTION) (Netter's;
plat e 4.1.4,.. s,

t .: :-,:.:

6 41a *LEAVTOR AND TENSOR MUSCLE SCHEMA ! .

fDr,..Siegenthaler's drawing of these
Muscles.Y

6, '42a *EUSTACHIWTUBE:OPENING,1 (Velum loWered)

6 43a *EUSTACHIAN TUBE OPENING II :(Velum raised.
1,f:P:atsavant!stottAs:shown.)

...

6 44a *EUSTACHIAN TUBE OPENING III (Velum
intermediate)

' ,- : , ,.A , ,

",

.1

*The "a" designates the second tray of the-cm-Aigut
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Week- Chapter
No. No.

Slide
No. Title of Slide and Brief Description

/2MrswomorP.10,

*SCHEMATIt OF OSSEOUS 1,ABYRINTHAStmllar
to student's Handout with all parts
labeItd.)--

COCHLEAR CANAL I (Long cloied tube.)
) -!

COCHLEAR CANAL II (Same as:slide 12a
with spiral lamina'added,)

COCHLEAR' CANAL III (Same as 13a with
tube curved.)

COCHLEAR CANAL IV (Same as slide 14a
with tube helical.)

. ,
.

16a *COCHLEAR CANAL ,V (Slide as:16a with;
cone (modiolus) inserted inside helix.

,

18a , *MODIOLUS WITH FORAMINA (Similar to ,

slide 17a with cutout showing foramina
in_ modiolus.) ,

S

;11

)

*SECTIONAL VIEW OF COCHLEA (Cross section
of to-~hl-a )s

MEMBRANOUS LABYRINTH I (Similar to stu-
dent's' Handout with 11 osseous parts
to be labeled listed on bottom.)

MEMBRANOUS LASYRINTHII (The parts given
on slide 20a are now labeled.)

MEMBRANOUS LABYRINTH III (Shows membranous
vestibule with parts not labeled.)

MEMBRANOUS LABYRINTH IV. , (Same as slide.
22a with parts labeled.) .

MEMBRANOUS SLABYRINTH 'V (Membranous
semi-circular canal added with parts
not labeled.)

MEMBRANOUS LABYRINTH VI (Same as slide
24a with parts labeled.)
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Week
No.

3

Chapter Slide
No. No. Title of Slide and Brief Description

8 26a MEMBRANOUS LABYRINTH VII (Cochlear duct
added with parts listed but not labeled.)

211

9

10

10

11

11

27a MEMBRANOUS HLVIII 1Similar to
slide 26a with parts labeled.)

,28a MEMBRANOUS. LABYRINTH IX (Spiral lamina
addedi.) -

294 tMEMBRANOUS LABYRINTH X (Similar tt stu-

dent's completed HandOut mith,all
parts added and labeled.)

304: 'MEMBRANOUS LABYRINTH 1I -(CONNECTION TO

BRAIN) (Similar to student's second'
Handout showing.osseous_aonnectiotts to
brain cavity no parts labeled but parts

are'listed.)

31a *MEMBRANOUS LABYRINTHIXII (CONNECTIONS TO
ARAIN)ASimilar to Slide 30a with

parts

50a

51a

52a

53a

54a

WHICH WAY IS DOWN? (Man's head with
maculae shown in utricle and saccula.)

*SCHEMA OF COCHLEAR CANAL (Similar to
student's Handout with all parts

labeled.)

*ORGAN OF CORTI (Similar to student's
Handout with all parts labeled.)

*SCHEMA OF COCHLEAR NEURON CONNECTIONS
(Three pathways of VIII N. neurons

are shown in cochlear canal.)

*MAJOR TOPOGRAPHY OF BRAIN (Five lobes

of brain with other prominent features

shown. Lateral view.).
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Week
No.

Chapter
Nok

Slide
No. Title of Slide and Brief Descriptiop'_:_

55a *SEVERAL SPECIALIZED BRAIN AREAS (Broca's
area, HeschePs area and Wernfke's area
are shown.)

*ACOUSTIC SYSTEM I (Similar to student's
Handout and no parts labeled.)

*ACOUSTIC SYSTEM II (First order neurons
shown.)

4;'

11 57a

68a

59a

*ACOUSTIC SYSTEM 'II! (Second order
neurons shown.)

*ACOUSTIC SYSTEM IV Higher order neurons
shown.)

12 NO ANATOMICAL SLIDES

NO ANATOMICAL SLIDES

'

;
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Sample of Speech Pathology and Audiology CAI Program

Label a, Code Argument

rd
fn

fn

ty

213

This section is taken from the
fourth chapter of spa430; Chapter 4
covers the contents and functions of
the,middle ear. The sample program
below deionstrates one of the ways a
student is guided by a series of
qUestions' to complete an anatomical
Handout. It tells the student to fill
in his Handout unaided - then shows
the student a ,slide of a completed
Handout - and finally asks the student
to question the computer on the items

missed. This procedure is intended
to allow a student 'to proceed at the
pace hp requires, while presenting
all of the material to all of the

students.*

tape/Mx
slide//4t

(linefeed)

This generates extra spacing
between typeouts. This format helps
separate items within the program.

ty 4-1. We have just completed a schematic
representation of the boundaries of the

middle ear cavity. The problem for hearing
is to get "sound" across the region of the
middle ear cavity from the eardrum to the

oval window. So far this linkage is not

complete. Now we shall complete it by

means of the ossicular chain.

*N. B. All material indented to this position represents

author's explanatory comments about the stored computer program.
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Label 02. Code Ar gurnent

'ty (linefeed) .

qu Have you read pp. 18-2i in Newby?

nx

fn kw//1

ca */ yes

4$

4

ty

Au example of keyword processing;

the slash ('I) is used as a delimiter

to sepirate keyword responses. The

Computer searches the student's re-

sponie for' a grouping of letters

"yes." If "yes" is anywhere in the

response,, the following IL is typed

out.

Now' pay special attention to p. 19. Fig. 2-4.

Taktthe three plastic ossicles; look at

them tirefully and compare them with Fig.

2-4. The ienticulir process of the incus

is distorted in the sketch. However, for

our purposes, bath' the sketch and the

plastic ossicles are from a right ear.

Study the names of the various parts of

each ossicle until you think you know them

fairly well. Thepclose your book, and

press: EOB

nx

kw//1-

ty:. Do it now. Type yes when you are through
_

reading.

fn wait//30

This prevents the student from

proceeding for 30' -seconds; presumably
sufficient time to 'stimulate" the

'student into doing the required reading

assignment,

un Type either: yes (or) no

. 'rd.!, :



Label RE Code Argument

ty (linefeed)

ty The next Handout is, intended to show the
ossicles of the right ear in their approxi-
mate relation to each other but disarticu-
lited. Along with your Handout, have on
hard the three plastic,ossicles and Newby.
Press: E06 when you are ready to begin.

The student is referred to,his
Handout, which contains a sketch of

each of the three bon .3 in the' middle
ear (ossicles). On the Handout,
lettered extension lines point to each

of the parts of 'interest. Below each
ossicle is a list of parts. It is the
student's responsibility to match the
part with the line.

rd 11

ty (linefeedl
ty 4-2. Consider the himMer. Using words

found in the list below the sketch of the
hammer,- fill in those lines (A-H) that you
are very sure you know. You may leave some
lines blank for now-. -For your own benefit,
don't do this by the process of elimination.

Press:. EOB when thip Is completed.

fn wait/1/15

4-2 rd

ty

fn

Ot$10

(linefeed)

slide//43

If you cannot identify, all the labeled
parts of this osSicle.,type the letter
of ore unlabeled part. Material
then be be presented to help you fill in

the unlabeled part.
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Label ita Code Argument,

Slide 43 (contad)

2, Repeat Step:#1 at often as desired.
3; When all parts of this ossicle are

labeled, type: go on

u.

ca

ty

fn

go on

When- the student has labeled all
the,parts of the-ossicle, he types:
go on, (see elide 43). Upon typing
go one .the- - following ty is typed out
and slide 40 is, shown, followed by
tape message 85.

Compare your Handoutw1th the following slide.

slide//40

Slide 40

This Slide ihows'a sleet ,h of the ossicle the
stUdenthas 'just completed, completely
labeled.

fn tape//85

..110,

.10.1

4011
Tape, Message 85

Check your Handout with; the slide. Notice
that the names of the parts of the hammer
make sense. For example, the head of the
hammer is attachedito the neck. The liga-
,ments and processes are names for the
direction toward which they point.

ty (linefeed)
fn tape//86x

4,110.1.41.1.
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<40

nx

fn sbifinx1//a0///alpha

If the student has not typed "go
on" he will be asking for information
about one of the parts of the bssicle
(see 2ontents of slide 43). This
statement is a subroutine used to make
sure that the student's response con-
sists of one,letterionly. The'; student's
response cannot be further processed
until this'eriterion,has beetiCiet.

nx

fn kw//1

ca /a
fn slide//43x
ty ,(linefeed),,
br, hmr-a

IN/

TheaboTu set of six statements
processes the one letter response of
ele'student to see ifrthe letter "a"
is typed. The, combination of 'the
subroutine (previously describe)
and the,kevword,proceAsing in ,this
aet makes it.possible:Jor a studeat
to type any,variatt4.pp.of the letcsr,
"a" and still be recpgaised. (a 4.
A A. -a) are examples of what would
be recognized ascorrect

nx

fn kw//1
ca /b
fn slide//43x
ty ( linefeed)
br hmr-b

.5

Op
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Label 02, Code Argument

nx

fn

t,>

Ca

br

nx

Since the first ossicle, the
hammer, has eight parts, the proces-
sing of student responses a through
h taken piece in the same way.

kw//1

/h _;,

slide1/43x

(linefeed
hmr-h

9 9

fn kw//1

wa /i/j/k/l/m/n/o/p/q/r/s/t/u/v/w/x/y/4

The purpose of this keyword pro-
cessing is to insure that the student
typed a letter that is in the' repetoire

of responses.. Here, the letters i
through I' haVe no meaning as a response.

'YoU should have typed a letter referring to

the !tamer: You didn't. Try again.
I.

Read the:slide. Type: go on if all parts

of tha hammer ai.e-labe1ed. If not all

labeled, type the letter of one unlabeled

sun:,..

qu Iryou have made an error or two and would

like some help, type: help

If your labels are all correct and you are

ready to proceed with the anvil, type: anvil

This sa can only be reached by the

student who has completed the first
ossicle and is ready to proceed to

the second one. At this point, the
student is given another opportunity
to go over the parts of the first
ossicle (by typing HELP). The student

also may proceed to the second ossicle,
the anvil, by typing ANVIL.
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hmr-a_

nx

fn pa0//2//50

ca help

br 4-2

nx

fn pa0//2//60

ca' anvil

fn slide! /43x

to(linefeed);,

br 4-3

un Type either: help (or) anvil

Here we start the processing of
the eight (a-h) infotkation seeking
responses the student. can make. After
the student has been through the
series of statements that contain
information on the part desirpd, the
computer goes back to showing slide
43 and processing the student's
response again--as often as desired.

Part,A is the topmost part of the malleus .

.Note that it is-the part of the hammer that
"strikes" the anvil, What part of a hammer
strikes an anvil? ,

fn kw//1

ca /head

ty Correct. Label A as head

fn wait//5

br 4-2

un A 11 the topmost part of the malleus. What
s your topmost part?



.220

Label Op Code Argument

The un response is typed out to the
student whenever he responds with
something unanticipated by the author.

un Incorrect. Try again.

un Try: head
Type it.

hmr -b qu

nx

fn

ca

ty

frs'

fn

fn

br

Here is similar_processing,for
student response: b

Part B represents a ligament. Which one?

kw//1

/ lateral

CoTrect.

tape//86

tape//07),(

wait/J5

4-2

sideward

ty

nx

fn

wa

The' wa-is an example of a possible
'anticipated wrong 'response. If "side-
ward"' is typed 'by the student, the
following 4i is'typed out.

Correct. However, answer the question again
using the more technical Anatomical term
for things going to the side.

kw//1

/ up/ for

C`.

This we is processed with keyword.
Thei-ifore, all student responses
starting with the letters "up" or
"for" (e.g., up, upward, forward)
will have the following typed out.

ty Incorrect. Look at B and at the word list.
Try again.

effiroo***f...m0
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Label os. Code

un

Amment

There'are only three ligaments on the list
of. terms bel ow the hammer. Does B point
foywardo.sideward. orAlpward? :ry again.

ter6(s)'Oh'tfle,14t`refer to a ligament
pointip9,to the0Aier,Tragain.

Type: .laieralfgaMini-

Similar processing occurs for
student responses c through g.

hmr -h qu Part H is an area specialized for contact
with a second bone (notice the dotted line)'.
What does H refer to?

nx

fn kwo//2

The correct answer to the above
question must contain at least two
words in the correct order. The
function kwo (keyword order) matches
a student's response when it contains
the words "facet" and "incus" in that
order no matter what else is typed,
before, between, or afterwards.

Ca / fatet / incus

ty Correct.

fn tape//89

fn tape//90x

fn wait//5

br 4-2

un
Try again.

This is the beginning of a similar

The special name for this area is

presentation on the second ossicle.

4-3 rd



Label ps. Code Argument

ty 4-3. ,Now consider the anvil. Following
the same procedure that you used with the
hammer fill lit only those lines (1-14)
that you are very sure about. You may
leave some, lines blank for now. For your
`own benefit, don't do this by the Oocess
of elimination. -When "you" are ready to
proceed, press.: EOB.

,.1

C

C
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Flow Chart and Interpretive Notes

for the First Part of SPA 430

OUTER EAR BLOCK
41. O. OM .1

No

4

7

--IMO .111w 'OM NW

VINO 41111. O ON. Agar 4/. MO OW 4WD OM ..........

2

110.1.

3

5

I

OM 4WD ain

YES YES

4*

-1 27

YES

YES YES

31

YES

MIA MID

35

s
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MIDDLE EAR BLOCK

10 0 12

ITSIN MI Mk OM Si

1

-- -ep 11M.

www/Ili

18 20 21

YES NO I

TEST BLOCK
KEY TO FLOW CHART

1. Sign cry . Type :-start Press : EOB
2. Introduction to CAI SPA 430
3. Overview of outer ear
4. "Do you want to skip outer ear?"
5. Outer ear subprogram
6. Did student make 3 33% errors on pinna?
7. Remedial subprogram on pinna
8. "Do you want to cover pilule again?"
9. Did student come from Test Block (Outer Ear)?

10. First question on middle ear
11. Did student make 3 33% errors on pinna?
12. Overviev,' of middle ear
13. "Do you , nt to skip middle ear?"
14. Middle: Jul subprogram
15. Did student make 3 50% errors on middle ear?
16. "Do you want to cover middle ear again?"
17. Did student come from Test Block (middle ear)?
18. First question on inner ear
19. Did student make 3 25% errors on the last time

through middle ear subprogram?
20. Overview of inner ear and temporal bone
21. "Do you want to skip inner ear and temporal bone?"
22. Inner ear and temporal bone subprogram

1

39
40

22

4. 4.

a

8

1

1

1

1

ONO ..M OM. ON. =IP MOO 111 alb IMO ..... Imb 50

INNER EAR BLOCK
23. Did student make 350% errors on inner ear and

temporal bone?
24. "Do you want to cover inner ear and temporal bone

again?"
25. Did student come from Test Block (inner ear and

temporal bone)?
26. Did student skip outer ear subprogram?
27. Test on outer ear
28. Did student make 333% errors on outer ear test?
29. "Do you want to take outer ear subprogram?"
30. Did student skip middle ear subprogram?
31. Test on middle ear
32. Did student make 3 33% errors on middle ear test?
33. "Do you want to take middle ear subprogram?"
34. Did student skip inner ear and temporal bone

subprogram?
35. Test on inner ear and temporal bone
36. Did student make 3 33% errors on inner ear and

temporal bone test?
37. "Do you want to take inner ear and temporal bone

subprogram?"
38 "Do you want to ask any questions?"
39. "Type your questions"
40. On with the course. Proceed to chapter 2 : Detailed

Anatomy of Ear
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Appendix E 1,

SUPPLEMENTARY READING ,ASSIGNMENT
(To accompany Chapter 9 of Keller-Ferrara Text)

As indicated in the "Instructions for Chapter 9," you were

not required to read the section entitled "Basic Entries

Stanford Cost Systems." The first section of the supplementary

reading, assignment is intended as a, replacement for the above

section, of Chapter 9. The second section consists of a brief

discussion of the mane variance.

Journal Entries Under Standard Cost lystems

The method of reco'rding standard costs in 'the. accounts, as

set forth below, is generally referred to as the single

Under the single Oan,, work in process is charged (debited) with

standard cost of operations (expressed in terms, of equivalent

units) completed, and, work, in process is credited with standard .

cost of finished, goods completed. Separate accounts are main-

tained for each of the varrances.2 Standard cost journal entries

as illustrated below are based on data previously presented in

the section of Chapter 9 titled. "Calculating Variances--A Com-

plete Illustration."

1 Terminology same as that appearing in Accountants Cost
Handbook, 2nd Edition, Robert J. Dickey, EdiiI77The RoniTiPress
TgiatiT New York, 1960), Section 16.

2And be careful to note that the "best" method of calculating
variances is employed at this point. More specifically, only one
variance is used for variable factory overhead (i.e., the variable
overhead efficiency variance) and two for fixed factory overhead.
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The problem involves a manufacturer of "gadgets" who has the

following standard cost for each 109000 units produced:
s

Materials: 10,000 pounds @ $0.0005 per pound. . .$50.00

Labor: 40 hoUrs @ $2:00 per hour 80 00
,Variable factortvverhead @, $0.30 per standard,

direct labor hour. . ............. . 12.00
Fixed. factory. overhead @ $0.20 per standard

direct labor hour. ......... . 8.00

1 , TOTAL STANDARD COST $11.575
11111101111MOIMANO11.1.1

During the year 50,000 Units were manufactured; normal volume was

calculated as 220 direct labor hours. The fotlowing data appear

in the records:

(1) Purchased 60,000 pounds of materials at $0.004 per
pou07---

(4 Used 52,000 pounds of materials (actually costing,

04 -'per pound).

(3) Actual direct labor hours worked amount to 190 att

a`- rate- of $2.10'per hour.

g3 iIri:t
overheadferfcgo: 50

A complete Set of journal entries to reflect the above dati

in the accounts ts presented below. 'While work in process is

both Charged and credited at standard 'cost, the variance accounts

serve 3S a reconciliation of - 'actual" and standard costs (si-nce

by clbitng the variance accounts into work in process prior to

transfers, the' 'account 'will be' 'converted to "actual" costs).

Variance calculations have been omitted since they are identical

to those appearing in the section titled "Calculating Variances--

A Compldte illustration."



(1)
To record purchase of raw materials*

Dr. Raw materials inventory (@ std. cost).
Cr. Materials price variance
Cr. Accounts payable .... _

233

.$300.00
$ 60.00

. . 240.00

To charge raw materials inventory actount for actual;
quantities of materials purchased at standard. cost, to
credit accounts payable for actual amount due creditors,
and to debit or credit materials.Price*variance account
for the difference.

(Notice that the variance accoUnts'maybi debitedAr
credited 'depending On facts Oven in the'PrOblec)

* Under the single, plan, raw materiali inventdry.it carried in the
accounts at standard cost. In view of the resmnsibilit.'
accounting concert it is 2referable to record the meter als price
vac ance on the basis of actiZT1515hases so that the time lag.
between purchase and usage does not obviate the controlP0M-
cance of thit variatce!. RegretfUlly,'in-some OrobleMtituations
data with respect to purchases,are not given in which case the
materials price variance must-be calculated cn thebasit:of'
amounts requisitioned. In the above example, the alternative
takes the following form:

Dr. Work in process (@ std. cost)
Dr. Materials usage variance . .

Cr. Materials price variance'
Cr. Raw'materials inventory (@ actual

$P50.00
. . . 10.00

cost):
52.00

208.00

(Obviously, raw materials inventory is varied' in the
accounts at actual cost if recording of the materials
price variance is deferred until the date'of'requisi=
tion or usage. Note also. that the materialtJuult
variance is also included in the above entry.T-___

(2).
To, record raw materials requisitioned

Dr. Work in process (@ std, cost) $250.00
Dr. Materftls usage variance 10.00
Cr. Raw materialsInventory (@ std: cost)' .. :$260.00

. ,

TOcharge'work_in process 'for standard'quantitfitof
materials allowed for prodUction meeting standard
requirements, to credit raw materials inventory for
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actual quantities used at standard cost, and to debit

or credit materials usage variance for the, difference.

(3)
To record Crect labor

Dr. Work in process (@ std. cost) $400.00

Dr. Labor rate r variance. . .,. . . . . . . 19.00

Cr, , . . .$ 20.00Labor efficiency variance. . . . . .

Cr:, Accrued payroll. . . . . . . . . . 399.00

To charge work in process for standard quantities of
direct labor allowed for production meeting standard
requirements; to credit accrued payroll for actual
(gross) amount due workers, and to debit and/or credit

labor rate and efficiency.variance accounts four. the

difference.

(4a)
record actual variable factory overhead incurred

Dr.Vailable f'actory Overhead (control
account) ..... . .,. $76 00

Cr. Appropriate asset, valuation or
contra and liability accounts

(4b)

To re, cord actual fixed factory overhead incurred

Dr Fixed factory overhead (control
-account)-. 4 . s, 0 $45.00

Cr Appropriate asset, valuation or
-contra and liability accounts. . . . . .$45.00

$76 00

(5a)

To record variable factom overhead applied to iods.parti

Dr. Work in process (@ std'. cost) -$60 00

Cr. Applied variable:Jactory.overhead. . .$60.00

To charge work in process, for standard quantities of
variable factory overhead allowed for production meeting
standard requiremerits and to credit applied variable

fa0ory overhead control account for same amount..

A



(5b)
'To: record fixed factory overhead a rALLLest

in process (6) std. cost).
Applied fixed factory .overhead-.

'':k 'To charge work in process for 'siandartquaktilies. of
fixed factory overhead allowed for production meeting
standard requirements and to credit applied fixed
factory overhead control account for same amount.

production

.$40.700

. . $4000

'Oa)
To reflect variable factor overhead efficiency variance

n the accounts

_ , 5

'Applied 'variable iactori'Ovirtieid4.- 360:-00
iDr. Variable factory overhead efficiency,
'"-." '-Variance . .... . . . . ...... ............

.Vari able factory overhead (control
acd'Ounst)' . .

.

": To close"actual" and "ip'plted" Variable- factory
,head ,accounts and debit or credit variable factory.
Overhead effi ciency anCe for' the, difference.
(Notice that the difference between the two variable
overhead accounts always represents the variance
under this method of recording the entries.A:

(5b)
To reflect fixed factory overhead Variance's in' the actotints-'

-''-'sDrAppited fixed factory oVerhiad-- . ,,. .' 440'.00 1:---
, ,r. .Fixeds factory overhead volume

s'''', 'variance .- ' " ''. .. ... . . . '. -t.'.- 4.00 ' .:-,: :,;

Dr. Fixed factory overhead budget
''':' ' '''-'2-va r'fin de ..-- ,:: '.i: . --:'_-,s'.'' - , '' : . '. '.., 1:00

Cr. Fixed factory overhead (control
'.-- ,, '''. -, . ' . ' . ...'-: %4-- '.., -. .$45%.00-- :4

'close utictdal". and "-applied" -fixed. factory
head accounts and debit and/or credit the difference
to the Apiriskartate variance accounts,. ANotice that
a closing of these accounts yields a "net" variance.
This; 'formuitis for -the fixed factory Overhead budget
and volume variances must be used in order to calculate

'the 'gross amount Of each: 'vari aka
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(7)
To record transfer oi units,completed to fi,nished nods ......jaminver

Dr. Finished goods inventory (@ std. .cost) . .$760.00
Cr. York in process (0 std. cost). -0 . . ,4750.06

_To record completion of 50,000 ,units at a standard cost
of $160.00 per 10,000 units.

When the gadgets are sold, finished goods inventory should be

credited and cost of goods sold debited for the standard cost of

units sold.
I

NOTE: 0,A ,FIRST STEP IN RECORDING ENTIRES. UNDER A STANDARD

COST SYSTEM_ TAKES THE, FORM OF DETERMINING STANDARD ,PRODUCTION

WITHtRE.SPECT TO EACH( 6F THE COST ELEMENTS. GENERALLY, ONE FIGURE

IS GIVEN L PROBLEM .SITUATIONS; W,IICH INDICATES THE NUMBER OF

STANDARD UNITS OF OUTPUT PRODUCED, DURING THE_ACCOOTIMG,OERIOD!

The Imam Variance

This section (of the "Supplementary Reading Assignment" for

Chapter 9):shouldbe read after you_havestudied the section of,

the chapter, which is titled "AdditionalyariancesThe Spoilage

Variance." An important conclusion to be driwn from that section
,

is this: Accounting for spoilage under 'a standard ,C;ckit'sYstem

achieves .the .same results as similar prOtedures;pPOer an niCtual"

or histortcalHcos,t system. ,That,,is,,spoilage must, ,,be classified

as being,either.normal,:.(or expected), OrabnoriiiiiJ661,4ipected).

Costs ,assoclatedw4th normal, spoilage are reOlo,Cite0ogood
,--

units produced, whereas, ,costs associated witil_abnormal,spoilage

are treated as a loss in the income statement for the period.
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A special spoilage variance account may or may not be

included in the accounts for a standard cost system. Consider

the following example where it is first assumed that no spoilage

variance account is maintained and second that a special spoil.

age variance account is maintained:

Standard Cost of prstst One Hat:

Materials: 2 yards of straw @ $0.50 per yard. . $1.00

Labor: 1' hour @.$1.50 per hour: . '?,.:. . . 1.50

Variable factory overhead @ $0.50 per standard
direct labor hour: ... ;... . . ;-,. .0.50

Fixed factory overhead @ $1.00 per standard
direct labor hour . . .".! - -. . ,: . . . . 1.00

STANDARD COST OF PRODUCTION'BEFORE
,

SPOIL/ai7. . . .... . , . ,, . .. . . $4.00

Add on noiiii(iTandard) spoilage allowance
of 10%. . ' '. , ' . . , ' : _.- . '0,40

STANDARD COST OF PRODUCTION INCLUDING
ALLOWANCE FOR NORMAL ISTANDARD) SPOILAGE . . $4.40,

The following data 4pear in -the records:

(1) 120 hats were manufactured: 100' meeting standard
requirements and 20 unacceptable.

(2) Used 250 yards of straw @ $0.53 per yard.

(3) ,lActuil-direct labor hours worked amountet: to'125 @ a'

rate of $1.60.

REQUIRED: Calculate all .variances for which data are available.

(1)
Calculations Assuming No Special Spoilage Variance

A review of the above data indicates that the following variances

can be calculated:

(1) Materials, price variance
(2) Materials usage variance
(3) Labor rate variance,

and (4) Labor efficiency variance

=11
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When a special spoilage variance is not used2'it is necessary to
workswith the number of standard units produced--in.this case.
100 hats. Notice that the standard cost of production after
adding, the 10% allowance for normal spoilage amounts to $4,400
This means simpITIMThe physical standard has been increased
by 10%Aand consequently the,standard cost).

Calculations assuming that no-special variance
is used for lialage

(1) Materials price variance (Sp-APIAO

($0.50 - $,053) 250 yards,= $7,50 ( 11

42) Materials usage variance -- 1SQ-AQ)SP

[2.2 (100)- 250]$0.50
=(220 250)$0,.5a, ,

$15.00(0)

,(3). Labor rate variance -- (SP-AP)AQ

($1.50/- $1 60) 125 hours , $12.50 (U

(4) Labor efficiency variance -- 'SQ AOSP

r1.1(100)-125)$1.50
= (110 - 125)$1.50
= $22.50(U)

Calculations assuming. that a Int0.11 spoilage variance is used

(1) Materials price variance -- Same as above; why?

(2) Materials usage variance -- (SQ-AW)SP

(2(12.0)_- 259j$0.50
- (240-- 250)$0,50

= $§100 (U):

(3) Labor rate variance -- Same as above; why?

(4) Labor efficiency variance 2--,(SO-AQ)SP

(120 - 125) $1.50 = $7.50 (II)

I /Denote an unfavorable variance by (U) and a favorable
variance by (F).
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(5) Spoilage variance -- (Actual spoilage - standard
spoilage) Standard Cost Before Spoilage

(20-10) $4.00 - $40.00

HOMEWORK ASSIGNMENT:

(1) How is abnormal spoilage treated in a system where a
special spoilage variance is not used?

(2) Explain the differences in the usage and efficiency
variances under each method.

(3) Why is Standard Cost Before Spoilage used in the
formulare spoilage variance?

(4) Record all entries (for which data are available)
under both methods. Remember that units completed
are transferred to finished goods at a Standard Cost
which includes a spoilage allowance. Why?
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-Appendix E2

Case Problems

STANDARD COSTS--ACCOUNTING PROCEDURES
(Instructions for Chapter, 9)

In addition to reading introductory material included, in
Chapt00 9, study the following sections = very carefully. Omit
all sections which are not listed below. ,

(1) The Variances of Standard Cost Accounting

(a Direct Materials Variances
(b Direct Labor Variances
(c Variable Factory Overhead Variances(*
(d) Fixed Factory Overhead Variances7-Tir:Budg-

Variance
(e) Fixed Faftry'Overhead Variances - -The. Volume

*
Variance

'241

(*)In addition to learning formulas and how to calculate all of
the Variances it is necessary to know the BEST variances TOT both
variable and fixed factory overhead costs. Notice that the sum
of the two variances which are "discarded" in each instance yield
the BEST variance, i.e., the variable overhead efficiency _variance
and the volume variance for fixed factory overhead.

5

'(2) Calculating Variances - -A Complete Illustration'
(Also study Exhibits 9-1 and 9-4)

(3) Calculating Transfers and Ending Inventories

(4) Standard Costs for Individual Areas of Responsibility

(5) Job -Order Standard Costs

(a) Procedure for Building Standard Costs
(b) An Illustration: (In order to minimize confusion;

it,may'prove-beneficial for citi to reread
Section.5(b) and' rework the exam le :by ut 'lining
Aournal:entries aWrilFer proce, ures,asdisct!sse4-
-in'the'SUPPLEMENTARY READING ASSIGNMENT for
Chapter 9.) In other words, consider carefully'
the last paragraph in Section 5(b), which points
out theAnethod of recording journal 'entrieS:as
set forth In the 4boVe7mentioni0 "Sii0p)eMenary,
Reading 'AisignMent."'

tarr....m.*eIroottmmpone
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(6) Special Issues in Standard Costing

(a) Additional Variances--The Spoilage Variance (See

also the SUPPLEMENTARY READING ASSIGNMENT for

Chapter 9.)
(b) Disposition of Variances (Relate this section to

questions in Chapter 8 concerning accounting treat-

ment of "over- or underapplied" fixed factory
overhead under each available measure of capacity.)

Appendix A--Alternative Approaches to Fixed Factory

Overhead Variances

STANDARD COST ,VARIANCE ANALYSIS.

A fundamental conclusion of Chapter .9 (Keller-Ferrara text)

is that-seven calculations are necessary to accomplish an ele-

mentary WWI of standard cost variance analysis. Consequently,

the following-formulas are to be used for problem solution in

this course.

MATERIALS

(a) Price variance (SP. AP)AQ

(b) Usage or Quantity variance. . . . .. (SQ AOSP,

LABOR

(a) Rate or Efficiency variance (SP - AP)AQ

(b) Efficiency or Quantity. . *4 Ao 0 (SQ -*AQ)SP

VARIABLE FACTORY OVERHEAD EFFICIENCY VARIANCE1

(a) Actual variable factory overhead - Standard Standard
direct

x
variable

labor factory
hours* overhead

rate

Note that this formula, is the algebaiC:sUm of the two variable

factoryioierhead:Variances which are explained-inparagraphs

two and,three'of-page-204: The explanation which supports use

of the above:formula is giVen on ,pp., 204405. Read it with under-

standing.-

*Or whatever measure of activity the "standard allowance"

for acceptable production is to be expresied.
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FIXED FACTORY OVERHEAD VARIANCES

(a) budget variance . (Budgeted fixed factory
overhead - Actual fixed
factory.oVerbtad):

(b) Volume variance . . . .'(Normal iolume2 - Standard

hours
2 )Standard fixed factory

overhead rate -T

20r whatever the capacity concept being used, however expressed.

Notice also that the volume variance formula given above

represents the algebraic sum of the two fixed factory over.L

head variances shown at the bottom of riage 207. Reasons for

preferring the above formula are set forth on page 208.

Indicate, by the use of F or U designation, whether variances

are favorable or unfavorable when you solve problems.

I



HOMEWORK PROBLEM NO.
Chapter 9

Calculating Variances

,Assume the followinl data concerning one month.:

Actual Mahufacturim Costs

Materials (1000 units
0 6 )" t:

6,000,,
Labor (3200 hours

@ $2) 6,400
Variable overhead 4,100-

Fixed overhead 4,n0

Standard Manufacturing Costs Applied

Materials (1100 units @
$5.90) 6,490

Labor (3250 houri @ $2.10) 6,9825

variable overhead 6250 'hours
@ $1.20), 3,900t.

Fixed overhead (325k) hours
@,$1.20- 3 900

fb-77156

REQUIRED:*

*Calculate (1) Price and efficiency variances for materials

and labor.

*(2) Efficiency variance for variable factory overhead.

(3) Budget and volume variances for fixed overhead
costs (hours of capacity for the month are 3400).

(4) Total up the seven variances to see if they are

equal to the difference between actual and
standard costs (21,115 - 20,700 = 415).

Use the "best" method for calculating the overhead variances,



Appendix E.3

Course Outline for Accountiu 102 - Spring Term, 1966

Field Test Project

Glom 1: Lecture Grata
44,

Will be, in attendance at all class Meetings (MWF 1) with the
professor, Dr. Cramer.

44.

ASSIGNMENT AND OUTLINE SCHEDULE

Date, Period Topic y.

4/4 1. Lecture-Administrative

Intro. to Mgmt. Acctg.

4/8 3 Accounting Concepts
& Terminology

4/11 .4 Lecture - Responsi-
bility Accounting'

4:t13 5' Cost-Profit-Volin;J*
Relationships s

4/15 6 Break-even Analysis

4/18 7 Lecture-Cost Accounting
Cycle

t

4/20 8 . Cost Accounting ,Cyc,le

Assignment

245

Chap. 1: Horngren*
Chap. 1: Keller &
Ferrara**,

Chap. 2: Horngren
Chap. 2: Keller &

,Ferrara
Review: 2-2,5,6,12'''

K & F
Do: 2-19 K F

Chap° 3: & F .

ReView: 3-2,304 KIP
Do: 3-14, 17, 15

K & F .

Chap. 3: Horngren
Review: 2-1,3,4 N

Char. 3: liorngren
Do: -H

Chap. 4: K F

Review: 4-2,4,5,7,
8,10 K & F

Chap. 5: . K & F
'Review: 1-4,5,69-7

19 & F
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Date Period Topic-

4/22 9 Cost Account ;ng. Cycle

4/25, 10 Lecture-Equivalent
Units & Spoilage
Calculations

4/27 11 Job Order Costing System

4/29

N

Process Costing System

5/2 13 Lecture-Process Costing:
Capacity Concepts

5/4

5/6,

`Process - Costing

),5 EXAMINATION

16 Lecture - Separation
Fixed and Variable
Costs

; ;".;

5/13

Standard Costs

Standard Costs

Assignment

Chap. 6: K &.F
'Review: 6-2,7,9,1

11,08

Chap. 4: Horngren
-lespecially Part II),
and Handout Reading,
Assignment-Chap. 7.

'

Chap. 7 pp. 131-142:
,K. & F.

Chap. 14reniainder)1.
K & F
DO: Homework ProbleMs
10. 2 and: 3 for Chapter
7 of K & F (handoUts)

Chap. 7: K & F
Do: Homework Problems
3'41% 4 (handouts)

Chap. 7: K & F
Do: Homework Problei,
5 for Chapter 7 K & F
(handout)

ALL PREVIOUS ASSIGN -.

MENTS

of Chapt. 7 pp. 193-198
and 207-216: Horngren;
Handout Sheet
Do: Handout, Problem &
7-23, 25 H

Chap. 8 pp. 171-184:
K & F
Review: 8-5,9,8,109.
11, K & F
Do: 8-25 K & F

Chap. 8 (remainder):
K & F
Review: 8-13,14,15,
K & F.
Do: 8-26 K & F



Date Period 4120A

5/16 19 Lecture-Variance
, Analysis ,

5/18 20 Accountitig -for Standard
Costs

5/20. 21' Accounting for Standard
Costs

5/23 22 Lecture-Direct Costing

5/25 23 Lecture-Direct Cosong

5/27 24 Cost Control and
Flexible Budgeting

5/30 25 Lecture-Cost Control &
Flexible Budgeting

6/1 26 wecture-Cost Data for
Business Decisions

6/3 27 Lecture-Cost Data for
Business Decisions

6/6 28 Lecture-Budgeting and
Financial Planning

247

Assignment

Chap. 9 Pp. 201-211:
K & F

'
DO: 9-17 and Handout
Problem

'Chap. 9 (remainder):
K & F
Do: 9-27, 30 K & F

Supplementary Reading
Assignment for Chapter
9
Do: 9-19 and Handout
Problem

Library Reserve Read-
ing Assign. Johnson
Paper of Direct Cost-
ing
Da: 24-17 K & F

Chap. 24: K& F
Do: 24-20 K & F and
Handout Prob.

Chap. 10 & 11: K & F
Review: 10-3,8,10,
11,21 K & F
Do: 11-28 K & F

Chap. 12: K & F
Do: 12-18,20 K & F
Review: 12-1,2,7
K & F

Chap. 13: K & F
Review: 13-11,14
K & F

Chap. 18: K & F
Do: 18-10,11,19 F

Review: 18-20a K & F

Chap. 15: K & F
Review: 15-2,7,9,11,
12,13K & F
Do: 15-18s19;22 K & F,
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Date Period' Topic LAMA
6/8 29 Lecture-Budgeting and ,Chap. 16: K & F

Financial Planning Review: 16-2,304,7,

A' 8,12,13 K & F

641q ., 30 Aeyiew-,7Re-analysis Review

6/? c31 FINA EXAMINATION PREVIOUS MATERIAL:
Emphasis on material

;, of periods

,«

; t

.,

t i ,- ,

A

t 1

r

4

st , e ""'

4,

4,

1 jee %.'" ,

I

' 4^e ,e

,t

t",
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Field Test

Group 2: CAI Grom

Will be in attendance at one class meeting-per week (all Mondays
of the term): two class meetings (equivalent time) will be spent
at the teaching terminal in the CAI Laboratory (201 Chambers
Building), with exception of those periods designated (periods
23, 26,21, 29, and 30) during the week as 4.ecture" when these
students will meet in class as indicated at the regular class
time. All regular class meetings are designated "Lecture" and the
students should meet with the professor in cIess,at those times
(period,1 MWF) ,

Assignments and Course Outline:

The outline and_ assignments for: Group w2 are the same as those for
Group 1 with the following exceptions:

)

Date Period

4/4 1

Week of::

4/4 - 4/10 2,.3:

4/11-4/16 5,6

4/18-4/24 8,9

4/25-5/1 11,12
5/2-5/8 &14

5/9-5/15 17,18

5/16-5/22 20,21

5/23-5/29 24

Topic

Lecture-Admintstrative

Assignment

,C.A.I. Warm up and
manapref scheduled
at your convenience.

Complete Hanel

Complete Mana2

Complete Man a3 & ,

Man a4
Homework Problem #1
for Chapter 3

Complete Man a5 &
Man a6

Period 15 - Examination

Complete Mana7

*Complete Mana8

Complete Man a9

Remaindor of the te the class meets together in the regular
scheduled class periods.
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Accounting 102: Spring Term, 1966
Field Test Project

141)93: Self-Study Group,

Will be.in attendance at.orit class meeting per week (all Mondays-

of the term); two class, meetings.(equivalent:timt 2'and:1/2:

hours) will be spent at,:the.Curricul4m, Materials CenterEPC II,
Room 401. : It ,is important. that this group: Spetd a, minimum Of

2 1/2 hours per week, tw supervised self -study activities.-
'Outltne:and.assignment-schedule.for Group 3. J,Lthe same

as.for,Group'l with-the followttg schedule: of.. additional reading

assignments to be read during supervised self-study periods;
All handouts will be placed in your folder.

Week of4

4/4-4/10

4/25 -5/1

5/2-5/8

-4619`-5115,'

5/16-5/22

Additional Assignments to .be 'read

N.A.A. Bulletin, June, 1963, Sect. 3, pp. 3-14

Chap. 1 in Beyer; Chap. 1, 2, & 3 of Anthony

Pp. 3-6; 27-34 in Bierman
Chapter12Aw Welsch .1:/

-,. tNAA Research Report Analysis of Cost-Volume-
Profit Relationships. pp. 85-94 in Shillinglaw.

Chap. 4 in Horngren pp. 193-198; 251-260
Horngren
Restudy Chap. 1-6 in Keller & Ferrara'
Appendix 101-110 Horngren

5/23-5/29

Remainder

1

Chap. 3 Shillinglaw
pp. 102-106; 112-131 Shillinglaw:
pp. 328-338 Shillinglaw

'Complete Homework assignments
Review for Examination
'Chap. 2 Wright, .

NAA Research Bulletin - Separation of Fixed

and Variable Costs
J:Chap. 1 and 4 in Gillespie

Chap. 2 & 3 in Gillespie
Chap. 7 in Shillinglaw

Class on 5/25
ReStudy'Chap-M&-11 in & f .6

Chap. .8 in Shillingiaw

of Term: Meet with the entire class in lecture,
period 1 MWF.
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Appendix E.4

BOOKS AVAILABLE IN C.A.I. READING AND SELF-STUDY CENTER

Curriculum Materials Center - EPC II, Room 401

(1) ShillinylMW -- Cost Accounting: Analysis and Control,

(2) Beyer, Robert Profitability Accounting, for Planning and
Control

(3) Wright, Wilmer -- Direct Costing

(4) Bierman, Harold -- Topics in Cost AccotB____Altin and Decisions

(5) Anthony, Robert -- Management Accounting: Text and Cases

(6) Gillespie, Cecil -- Standard and Direct Costing

(7) Welsh, Glenn -- Budgeting: Profit Planning and Control

(8) Horngren, Charles -- nut Accounting: A Managerial Emphasis,

(9) N.A.A. (N.A.C.A.) Research Reports:

"No. 37 on Direct Costing"
"Separation of Fixed and Variable Costs"
"Analysis of Cost-Volume-Profit Relationships"

(10) Other Materials Available:

Set of slides to accompany the Computer Assisted Instruc-
tion Course, and accompanying tapes. Tape segments
(distinguished by loud beep tone) generally follow the
slide numbers. A change of tapes is necessary for slides
above no. 27.

Handouts, Exhibits, and Displays for Computer Assisted
Instruction Course will also be 'available.
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Appendix E,5

Sample of Introductory Management Accounting-CAI Course

Sample Program

Label 12. Code Argument

int6-12 rd Thematerialinthis section is mainly
introductory in nature but should also
limn: to acquaint you with the job order
costing' system. Press EOB when ready to
proceed.

ld 1//s3

The first rd stateliest is
used to check the student's
preparationcfor this ....;hapter.
The ld statement seta an iuterual
,binary counter (switch) for later
:branchinvand review.*

int6`3, qu What are the two basic cost Accounling
systems?

nx

Oki

fn

si,job"orderi*andprocess,

4.-kw,fuiction witIO'(fead-;
..,liack)accepts the response as

correct when it matches the'
c, .speclfied,number --** words in the

ca. The feedbag ,nzars only
If the-! is mstchtsatisfied).

ty Correct!"

,*;;The job order cost system, and the
Prlicesscost system are the two major

B, A11 material indented tn.this posit159n represents
author's explanatory comments about the stored computer program.
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Lab!]. IILCode
itg9-1---nent

:

11

un Did you make a spelling error? Try again.

int6 -4
.40

Un Incorrect Pages 131-142 pf,Keller,and
Ferrara should have been read -before--
signing on for this course section.

br glk

the Student responds
, ''incorrectly -twice, he is told that

Ads -p;epitation is unsatisfactory.
He isithen branched to AA where
the correct answer is presented.
He thenOroceeds to the next question.

t-,y Job-order-system is used if goods are
4

''produced'to customer 3pecification;
process,costir, is used if goods are pro-
duced for stock.

reteit.6 rd

ty There are six basic entetts in an actual
or historical cost system,.[ Entries must
be made for actual as well as applied
factory oveibliatr-

Id' 0//s4

In the.following questions we shall test
your knowledge of these basic journal
entriet: Use the basic form, including
'thedr:,.and'cr. designations.

a
=

ld 0//s5

the idt(load) statiment sets
rt : interia140:tches; while the ad

(add) statement clears an internal
counter for the check sequence
following. .. .

7Whatit,the-tasiC'etitOy toAreardlthe use
1: 14,



I Label 02 Code Argument

nx

fn pa0//6534//65

255

ca dr. work in process, cr. raw materials
inventory

ty Okay

fn

wa

The partial-answer function
(paWwith feedback will check
sequential strings of 6, then 5,
and then 3 letters of the student's
response and accepts the answer
i-f 65% of these strings are
matched, exactly.

pa0//43r//85

dr. direct materials

ty Your-answer is not incorrect, but neither
is it.acceptable. What account is debited
(or charged) to reflect direct materials
and direct. -labor during the production
process?, (Try again.

Ufl Less than 65% correct. The correct
answer is dr. work in process, cr.

? Try again.

ad 1//c1

The second partial-answer
function checks for one half of
the entry; if the student's
response matches this half of
the entry and not the entire ca,
4 hint is provided to the student
for his next response. Note that
a I is, added to counter 1 for this
error.

nx

fir pa0//653r//85
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Label Os. Code Argument ,

wa cr. accrued payroll

tu
-.,

ad

ad

You have the credit portion correct, and
the debit portion was stated in the last
entry; both are,debited dtrectly to work
in process. ,Enter the correct answer.

1//cl

The third partial- answer
funvtion is activated only if
the, first two are unsatisfied
.on' any try.

The entry records the direct labor costs
as-. a- portion, of the cost accumulated for
the goods as they are processed; it is
debited to the work in process account.
The amount of total wages is recorded by
the credit ,to4ccrucd payr011.

1//citN

'.1f=tione,'of the thrpe pre-
teding2aalunction3 are satis-
fie-d4,:the lists*_ un statement is
written:: The student then ,receives
a, hint-for each part of the entry.
Again, 1 is added to counter 1 for
this,error...

.

un .16ite,, answer,. is:, _dr. work in process, cr.
accrued payroll .

1//c1

11164-6

--Itthe student's second
',Nxesponse is entirely incorrect,
he.YSs,given the ca and proceeds
iii(thesprogram. Again, a 1 is
added. to counter 1 for this
error.- At the end of the entire
check sequence, the counter (c1)
provides an accurate :.accumulation
of the number of definite student

'AWL-appropriate feedback
to the student is given on the
basis of this information.
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Exhibit 18
Trhapter7)

Recapitulation for Homework Problem No. 3
Imana6)

The work in process account, in effect, represents a modified
COST OF PRODUCTION REPORT

The account looks like this:

WORK IN PROCESS

Debit Side

Costs to be accounted for:

Beginning inventory of 4,000 units
100% complete with respect to materials. . . 0 $ 2,400
75% complete with respect to "'Thor and

overhead 1,500

Current costs
Direct materials . . ...... . 22,000
Direct labor and factory overhead

TOTAL . . 4 0 J 0 ;24=4

Credit si de

Costs accounted for as follows:

Units transferred to finished goods
inventory (or next producing department)

Costs included in ending work in process
inventory (6,000 units)
100% complete with respect to materials.
50% complete with respect to materials .

Rounding error. . . . . .

. v $39,10

. 3,300
0 . 1,440

. 20

aliKE

You have learned the procedures for process costing when only

one department is involved and work in process is present at

the beginning and end of the period. The average cost method

was used for making the required calculations. The same problem

will now be considered using the first in, first out method.

257



APPENDIX F

Engineering Economics CAI Course

fAss: No.

F.1 Course Outline for Engineering Economics . . . , 261

F.2 Sample of Engineering Economics CAI Program . . . 263

269
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Appendix F.2

sample. of'Edgineering Economics CAI Program

Label 0.:2: Code Aulument

b102-10-0 rd

fn slide//27

AllOMMENlow

S1 i de 27

ILLUSTRATION 02-V
Cost

$500:

=14111.

NU,

: fi:A.,. .'. *' 7H-rI'' ::.' ,.,:
'., , '... .% ,

:.*:..5 '1'1,' .
::- :.:'.''''',,'. :e.

: ''
400

. : :, , '.., -:, -,
, i , i'..: ,

.. ,,, .,
-,,., t: . : , .. ,. ,..

300

,

200

10 20 30

Level of-Production . in %

fn wait//7

4

60 70



aueo .42 Code Araument

Student is allowed.7 seconds to

examine the slide'befOre theqnstruc-
tion proceeds. The contents of the
slide will then be explained by tape,.

messages and typewriter piintout.*'-'

b102-10-5 rd

fn tape//27

fn tape//28x

a.,

1a21 timing 27

A fixed cost is one that remairls at the same

level as production increases 90 'decreases.

variable cost is one that vaMes direct4

as the production level varies It may

argued that this is an artificial'classM-
tation,and that no cost is strictly fixed

,Or variabl,e. Conversely it maY be-argued
mat,hematically that any curve -has a constant

element even though it may be zero.

.1110.1111/111111110.1.

^4.
4

'4,....

qu .-,,,

,

I
....

,

ca (E0B) ,.,,

. AI.

,

1 '

.
.

i
,

Wa ,....!,.. ,-.-..,-... r.....,...,................ .,,,'' 4% .. . ,414, !.... 4, *.R. ..4. r,', ^ A 4.... , A....-' *los 44, 4, .' 4 , ...:,`, '4, , . 4 4 '1
, ,

1,,% .. , '

br b102 -10 -5
.

01......hale

Ilesiudenty'smiq hear the tape message

again by typing a small "r" for repeat.

Any other student response will allow

the student to proceed with the instruc-
,

tion,

*N. B. All material indented to this position represents

author's explanatory comments about t)e stored computer pro-

gram.'



Label OD Code Argument

b102-10-10 rd

ty InAllustration 2-V equation (1) Is C * 54
and equation (2) is C = 50 + 1.00. Both-.

lines have a slope of 5 but they differ in
where they cross the ordinate. Equation
(1) is said to be all variable cost; and,
equation (2) is said to be a mixture of
fixed and variable costs,

qu. In slide 27, what variable is plotted on),

the abscissa?

nx

fn kw//2
. p,

fl evelfprodtiction

The student- response will be
;1.gcepted if -,it contains the, keywords

level andApoduction, The symbol
ia:a,delimiteroise0,,to separate the
keywords.

ty. Correct.

fn

un

b102 35,

kw//1

cos

4ie the Coii0i 00fted:on the ordinate..

The student's answer indicates that
he hae: a misconception concerning the
abscissa and ordinate. The'next infor-
nation. he receives will be the first
un

Apparently you do not understand graphing

,,terminology. You will now be given some
instruction on, the meaning of abscissa and

"Iodinate.

b102 32s-0

1' Students: who do not understand the
of abscissa and ordinate are

biinchid Vta remedial instruction.

0.1.0111011104%PM.
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Label 112 Code Augment , v .

b10245 qu. What is the dependent variable in. graph 27?
,

Ca --#costiaost,: 'S , . ....' .

ty Correct

,b102'-41

nx

fn kw//1

f, 9

ca flevel#production$LeveliProductiOn

ty Wrong. The levei of production determines
, the cos.,

.

002-41

YOu do-not,understand the meaning of
An4ependentand'Aependent variables. You
must learn these meanings.

br b102-35-1

Students not understanding the
meaning of independent and dtpenilent
variable are branched to remedial
instruction.

-,1

qu At 50% capacity a certain cost is:$3,000
and at, 80% capacity, this same cost is
$4200' is the equation oUthis cost
curve?

,,...- nx:t 4,

kwi0/6

ca #cfm#40#044199: ,-

Yery,good

This crriCt response is c a 40q + 100.
c'k

.,;

Ihiltwio functioiiakes sure that the
characters ins the itudelit9s response
are in the propeTorder and, that there
are no extraneous characters in the

f
,srA*ponee.. ,Careful programing allows

- , .,,-,-;:, .. !
.variation, in. the format of the stu-

,;-:,deut's response, (i.e., capitalisation
and spacing are not considered).
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Label ol Code Arsgumett

br b102-42

tifi Wrong. Did you use the correct equation
for slope (y = mx + b) and adapt it to
this special case? Try again.

un Wrong. Let us investigate the problem in
more detail.

br b102-41-1

Students who are unable to obtain
the correct response in two attempts
are branched to appropriate instruc-
tion.

b102-42 qu What is the cost of this operation0 func-
tion at 60% c6pacity?

nx

fn ed//#//,//#// //#3400//3400,//3400.0//3400,00

If the student tises a comma in his
response to indicate the thousands
position, the c)mma is edited and only
the numerical characters are compared.
Spacing and the # sign are also edited
from the student's response. If the
student responds with either 3400.,
3400.0, or 3400.00, his answer is
replaced with 3400.

ty Correct. C=40 x 60) + 1000 = 3400

un Incorrect. Are you using a slope value of
40?

un Still not correct.
C=(40 x 60) + 100C = 3400

ty You need more practice,

br

Students having trouble are branched
to practice problems.
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APPENDIX G

Modern Mathematics CAI Course

WIN°.

G.1 Math 200 -- Outline of Topics . . . t , , . 271

G.2 Report on the Development of a Test for

Modern Mathematics. . , A 4> 4 273

G.3, Sample of Study Guide for Math 200. . . 0 287

G.4 Sample of Modern Mathematics CAI Program. . . . 291



Date Wk.

April
April
April

April
April
April

April
April
April

April
April
April

May 3
May 5
May 7

May 10
May 12
May 14

May 17
May 19
May 21

May 24
May 26

MO 28

May 31
June 2
June 4

Appendix G.1

Math 200

OUTLINE OF TOPICS

Spring Term, 1966

5 1 Test
7 2 Sets
9 3 Relations

12 4 Discussion
14 5 Exponents; numeration. .

16 6 Number bases

19 7 Number bases 0

21 8 Discussion
23 9 Addition

CAI lemma

Mavmathl
Mavmath2

Mavmath3 and 4
Mavmath5

Mavmath5

26 10 Addition . .

28 11 Discussion
30 12 Subtraction.

i1une 7
dune 9
Jane 11

0

II

Mavmath6

Mavmath6

Mavmath7

Navmath713 Subtraction
14 Discussion
lf:: Multiplication

16 Multiplication
17 Discussion
18 Midterm

19 Division
20 Division
21 Integers

0

0

4

* 4

0

0

L

22 DI scussi
23 Fractions.
24 Fratti ons

26 Discussion
26 Decimals . . . *

27 Ratio & %.

23 Real numbers 6

29 Discussion
30 Test

Mavmath8

Mavmath8

Mavmath9
Mavmath9

. Mavmathl0

. Mavmathll

. Mavmathll

.

Mavmath13

Mavmath14

Mavmath12
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Report on the Development of a Test
for Modern Mathematics

The test was developed to serve as a pre- and post-test measure for the

experimental course, on modern mathematics (modmath) via Computer Assisted

Instruction. The modmath course .cons fists of 14 chapters, including concepts

of sets, relations, numeration systems, operations on whole numbers, integerso

rational numbers, and real numbers. The test was designed to provide a repre-

sentative sampling of content from each of these chapters,

Content validity is postulated on they following bases,

1) An outline of concepts which are developed in each of the 14 chapters

of the modmath course was prepared. A tentative proposal was made of the

number of knowledge, understanding, and application items ,which should be

written for .each chapter for initial trial. A group of approximately 250

items was prepared, using the concept outline and the proposal, of types of

items:

2) Texts in the field of mathematics education were, used in developing

the course, and these were consulted in writing the test 'items. Among these

texts were:

a) Mueller, Francis J, Arithmetic, Its Structure and,Conce ts.

Englewood Cliffs, New Mrsey: Prentice-Rall, inc., 9

,

Peterson, John' A, and Hashisaki, Joseph. Theory of Arithmetic,

New York: John Wiley and Sons, Inc., 1963,,

c) Swain, Robert L. and Nichols, Eugene. D. Understanding Arith-

metic. New York: Holt, Rinehart and Inc. 19657'

d) Ward, M. and Hard6rove, C. E. Modern

Reading, Mass.: Addison.Wesiey'REITs

.1-1.nmilimil,,',

Elementar
ing o

Mathematics.
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1-

) Webber, G. Cuthbert and Brown, John A. Basic Conce is of Mathe-
matics, Reading, Mass.: Addison-Wesley WM ng o
111M7

Twenty -ninth Yearbook: To ics in MathematiCs for El4Mentar
School Teachers. National ounFrorTERTEKTF

1164.

3) Dr, C. 'Alan Riedesel, Associate Professor in the Department of Ele,.

meiitAry Education, The Pennsylvania state University, '< co-author .of.the

Tiodkiith coUrSe'S- read all items for applicability to course ,content. ,Approx

SO iteits were 'discarded, leaving a 206-item trial test. The final,

SO-item test was drawn from these items, with selection on the basis .of item,

analysii and contentsamPling for representativeness,..

The .4nalstschartfoii-items on the trial test:follows..

'The tiiiT test was administered i n two sessions to 40 students,enrolled,

in one' section of El. Ed, 326 1Teaching Arithmetic in the Elementary School)

Opririft6 winter term: The test was administered during the regular after-

noon :class pe4idds, This group was 'chosen on two bases: 1), These students ,

had completed a course comparable to modmath (Math. 200). Their knowledge

of 'the conCepts'taught'would provide a basis for analyzing the usefulness of

the Iterils. '1) Availability of these students for the Three to four AourA,

necessary to.coMplete the 206-item test.

Two.:#6dentsWere_abserit_on the :second days so that data is.based on

38 students, This small number is definitely a limitations, particularly in

obtainingd4crimiiiaii*On indices;,The apiropriatenest of this sample for

analythiCajet for,,a2,00ma0 course .is questionable, for several OW
.e- r

reasons, The fact that the students had completed the mathematics course

previciiiiTimeant-that'ihis test-was for them a measure of ,,long -term reten-

tion of concepts. They had taken Math. 200, not modmath, and had had
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several different instructors. In addition, their motivation might be 'ques-

tioned, since they knew that the test would not affect their grades. (Their

attitude nevertheless appeared to be very, cooperative, which might be sub-

stantiated by the number, of items which all completed. They accepted the

test as a possible diagnostic aid: it would iadicate areas in whtch they

needed review;;)

Answer sheet's were machine-scored by Examination Services, and the item

analysis was performed at the CoMputation Center.

The range of scores on 'the 206 -item test was 0..om 74 to 168, :a 94

point range. The mean equalied 122.05, with a variance of 425.83 and a.,standi;

and deviation of 20.64. Mean dOficulty of the items was .592,' The distribu-

tion of the test items in terms of the percentage of student "pay -OW

was:

er=t .passirt
0 - 19

20 - 39- ----

40 59

60 79

80 100.

number :of items

1,4

51

58,,

50

The distribution of the test items in terms of item-total score cor-

relations 'Was:

-correlations,_

negative -
:11 - !,.30

.31

.51 1- .70

71'*-

'the, average item-total _score ;correlation was a?04.

._ number. of _items._

-45

60
_65

29
7

4,,

This is perhapS a ?vtiet:-

ti on of the scope of thq content whtch the test,is based. Estipated
r,
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interitem correlation is .092, with a standard error, of correlation of .164

The distribution of scores is presented on the next pages in ungrouped

and grouped form.

The charts which follow show pertinent information, taken from the come

tauter sheets, for each item on the trial test. The Kuder-Richardson 20

reliability estimate is .916. No other reliability data is available on the

trial test. If a more approporiate sample had been available, other estimated

tests of reliability would have been helpful, No attempt was made to compute,

the reliability for chapter or sub; test scores, since total test performance

is to be the criterion for usefulness, 'Some analysis of the factors present

in the test, plus analysis of the reliabjlity. of the subtest items, will be

made after use of the 50-item test.

test:

A st of criteria was developed for choosing 50 items from the 206 trial

1) Difficulty index

a) .50 to .70
o) .40 to .49, and .71 to ,80

2) Item-total score correlation (discrimination index)

a) .70 to 1,00
b) .40 to .70

3) Lower fifth-upper fifth comparison

4) Content balance

It was also found necessary to estabilisti priorities for choosing items:

1) Difficulty index

2) Difficulty index

3) Difficulty index

4) Difficulty index

5) Difficulty index

6) Difficulty index

a) - discrimination index a)

a) - discrimination index b)

b) - discrimination index a)

b) - discrimination index b)

a) - lower/upper fifth comparison

b) - lower/upper fifth comparison



Frequency distributim of original scores: 38)

74./4.
75

76

77

78

79,

80

81

82

83 /
84

85

86

87

88

;39 /
90

91 /
92

93

94

95

96

97

98

99 /

109 .

110 /
111 /
112 /
113 //
114

115

116

117

118

119 /
120

121'
122

123

124

125 /
126 /1/
127 /1
128 /
129 /
130

131

132 1

133

134 ///
100. 135 /
101 136

102 137-
118,

139

140 /
141'

t,142

143 /

1
IAO I
11,14,0

104 /
105

106

107 /
108

,......71.11=mn.}1011.111

144

145

146 /
147 /
148

149

150

151

152

153

154

155

156

157,

158

159

160

161

162

163

164

165 /
166

167

168 /
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Frequency distribuOon of grouped scores: 38)

71 - 80 /

81 . 90 //

91 - 100 //

101 - 110 /////

'Iii - 120 //////

121 - 130 //WM/
131 - 140 ///////

141 - 150 I//i

151 - 160

161 - 170 //

Following this, cruciality of content plus reasonable representative

sampling by chapters were considered. Re-analysis disclosed duplications of

concepts in a few cases, and other priority items replaced these.

The next table shows the pertinent information about each of the items

which compose the 50-item test. A summary by subsections is fish indluded.

The average difficulty index of the final test is .670, which is slightly

higher than the index for the initial test. This may be less ideal, but it

seemed more desirable to have a representative sampling. The levels which

the indices will assume when the test is used following a modmath course is,

of course, a matter of conjecture.

The zpearman-Brown formula was used to estimate the reliability of a

final test which is one-fourth the length of the initial test: the expected

r is .732. This, however, presumes the same type of sample.

Analysis of the value of the distractors resulted in some rewriting.

This ,vas not done in all cases, since sometimes no other distractors were



2no

plausible, and since it is hypothesized that with other samples the present

d:stractors might serve better.

The test will be used during the spring term field testiwof modmath,

Another test, consisting of 40 items with difficulty indices of` .80 to 1.00,

has also been selected from the original pool of 206 items* This Oil serve

as a means of selecting equivalent groups for the field test.
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Information about each item on the final 50-item test

Item
chap. # KUA topic

AmmCroaswl.W.N.W.^....11MONOMMPAIMIONNAP01001101.110.11011.

diff. discrim.

6 .K subsets:

inclusion notation

10 U setbuilder:
intersection

18 A Venn diagram:

intersection, U

21 A union

23 A subtraction:
set of integers

2 24 K Venn diagram:

cardinal number

31 A "T" relation :
properties

.789 .464

.684 4609

,,494

.763

.605

.974

.290

.121

(rewritten),

.474 .208

33 A "sameness" relation 3789 .464

3 3S K exponents: .658 .480
4 division

5 41 U expanded notation: .579 .540
base five

a

44 U exponents:

multiplication
.500

46 U expanded notation: .684

letters

,
49 I1 largest base six

number

56

63

67

ordinals

counting: base eight

HA expanded
base six

69 Up base two

notation:

to ten

Z1

.508

.459

.737 .462

.684

.684

.553 .403

.605 ,489



Item

chap. # KUA topic diff. discrim.

73 A base two: addition .737 .725

6 75 K identity: addition .447 .329

7

8
77 K 'terminology .579 .456

9 81 K inverse: addition .605 .201

89 U mod 9: addition .447 .290

91 A properties: .605 .264

assoc., distrib.

98 A equal additions: .474 .542

eAbtraction

102 A base five: subtraction .579 .482

106 U multiplication: .605 .400

distrib.

111 U multiplication: .711 .461

regrouping

112 U multiplication: .684 .580

distrib.

117 A multiplication: .658 .162

lattice

123 K exact division .737 .539

127 U repeated subtraction: .447 .548

division

132 A quotient estimation .605 .519

133 A partition division .553 .383

10 137 K member of set: integers .711 .550

141 A integers: subtraction .763 .522

11 144 K definition: fractions .763 .421

12

13 146 K equivalence class .605 .575

148 K exact divisors .789 .620

158 A LCM .474 .477

166 K largest decimal .553 .651

172 U fractions: commut. .816 .730

176 U decimals: mltiplication .711 .509

178 U decimals: .474 .484

line relation



MANIOM vmossl..,WM.Isaanwea.......w4wiMwmflyflP=11
Item

# KUA topic difft

189 U ratio .737

193 A percent .553

195 A ratio .684

196 A rate-pair problem .579

14 200 K non-terminating dec. .474

203 U nested intervals .816

206 A rounding .553

discrim.

.597

.361

.587

.544

.202,

.707

.461
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Appendix G.3

Sample of Study Guide

Math 200

11241 guide, 6 - ,Additiov

1. In Peterson & Hashisakil exercise 5.2, page 83, #2, 3, 4,' 5

exercise 5.5, page 88, f2(a$ b),
6, 8

exercise 5.6, page 92, All

;
exercise 5111, page 104, #1, 2(a,c),

4, 7(a)

2. Which of the following sets of numbers is (are) closed under

the opention of addition?

a) p, 10, 15, 20, .3'
b) even natural numbers3

c)- odd natural ,numbers3

d)- *11, 219119 41, 512,

(e) 0'$,20 4), 69 89 211S
,

3. By means of a number line, show that

.a S and.71ore commutative under,addition

b 4, 6, 3 are associative under additiO

c 4, 3, 0 are associative under addition

4. Give three nonmathematical illusirations of commutativitY;

three nonmathematical illustrations of lack of commutativity.

Give one nonmathematical illustration of associAtivity, of

lack-of-asemciatIvity.
. $ ,

6. Given the set of natural numbers and the operation * (pro-

nounced "star") which means "add the numbers it combines

and increase. ti ,t; sum by one;" e.g., 6 * 4 = 119 3 * 0 = 4;

3 * 2 * 5 = 12. Is the set of natural numbers

ia closed with respect to *?

b commutative with respect_t,o_*?

(c associative with respect to *?
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Study Guide 6 -- continued

7. Add by the "scratch" method:

(a)
+2
6,429

857
(b) 4,387

+9 774

8. Find the excess of Alves for the following_numbers by adding_
the digit-values. :heck your work by dividing by 9,

731

(c 88

Add the ;following and che'k by three checks: commutative,
associative, excess of nines,

(0- 8,637
5,922
3,872

10. Add 632 + 879 + 643. Now make your, answer incorrect by
(a) switching the digits around; (b) adding17,FM answer.
"Check" your problem with these two incorrect answers by
the excess of nines method. ,How do you account for, what
happens?

11. In the nuMber sentences below, tell whether A < B, A B,
or A = B. ,

(a 14 + A = B + 10
+ A * 0 + 34

14 + A 27 +It

12. Given tJe infinite set of counting numbert wiiich are symbolized,
in .order. m, t9 s9 k9 v9 w9 r9 b9, x9 19 ...9 where m_is
the initial counting number and its successor is t, whose
successor is s, etc.

(a) Complete the ollowing addition table



Study Guide 6 -- continued

(b) Is the set [n, t, s, k,

(i) .closed under addition?
(ii) commutative under addition?

(iii) associative under addition?

Give one example to illustrate each of your

answers.

Read in Peterson Vtlashtsaki, pp. 81-92, 100-103.
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Anpendix G.4

Sample of Modern nathematics CAI Program

pp. Code Argument

291

qu When we add 1 to 99, we have 9 tens and 10

ones. Me 10 ones form 1 ten, so we have

le tens. How do we write "10 tens" with

numerals?

ca

ty

un

ni

100

Correct

Wkiat number comes after 99? Typc it in

-1//t1'

This coding illustrates tine use of

counters, the number of incorrect
responses 48 being accumulated and
stored for a branching decision.*

The 1 is now in the hundreds place. That

means we have a three-place numeral. With
what_Auperal 40 we first use four places?

fn kw/11

ca . 1000 .ne thousand.; 1,000

*148 keyword function will accept
as,Correct any yariation of the correct

answer - 1000, one thousand, One
thousand, or- 1,000. The number of
additional words which are, typed by
the student - as, for ezinple, when
he answers with' a complete sentence --

is. immaterial.

*N. B. Allimaterial, indented to this position represents

aithor's explanatory comments about the stored computer pro-

gram.
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Label 2 Code Argtnent

ty Correct

......

un Think of the largest 3-place number - rights

999. Now add 1 to this, type your answer,

ad

5 -7 ,rd

ty tA)ok at,the slide.

rd

fn slide//37

fn tape//34

fn tape //35x

A slide which contains a chart of
the place value system is displayed.
While the student looks at its a tape

message is played, calling attention
to certain aspects of it. The at

following the second tape number merely

indicates positioning of the following
tape; it is not played at this time.

5-7-b rd,

Notice the relationship involved in the

place value system of base ten4

ty Mote we cannot at this point write exponents

on this machine, we Will write' its meaning

in words.

ty Thusl = ten to the zero power
10 = ten to the first power
100 = ten to the second power, or ten squared

u What is 1000 expressed as a power of 10?

kw//2

ca .en.third. 10'03.cubed

Here the keyword function will look
for 2 words; thus it will-ifece0t-10'te

the third power, 10 to the 3rd power,

tea cubeC'and several. pthersvariables.



Label pi Code Armpit

ty Ten cubed is correct,

un Notice the order of the exponents (0,1,2).
Therefore, what would come after 10 squared
or 10 to the second power?

-1//c1

The correct answer is "10 to the third

power." Type this.

-1//c1

Now would the next place be expressed in
terms of exponents? ,(Since exponents cannot
be typed in this chapter write it out in

words.)

ad

un

ad

5-8 qua

nx

fn kw//2

ca . 10 .en.fourth.4

ty Ten to the fourth power is correct.

un A new place is reached with 10,000. This

is 10 x 10 x 10 x 10. Written in exponential
-forms-this is "10 to the power."

ad -1//c1

un Type "10 to the fourth power."

ad -1//c1

rd

br rem1//c1//4

This is A statement regarding a
branching decisibt. If the contents
of r.ounter_l, with which incorrect
-responses have.been. recorded, is
griiiateittlau 4, then the student is
bratiChed:to:remi. That is, if the
tttudent-itas,missed more than 4 lues-
lons, some remedial work is suggested.
f be missed fewer than 4S =of, the teview

questions,- 'he- iirbranched on in the
pv6grata
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Label sqa, Code Atai.E...mtr)t

br 5-9

reml

6-9

1.

rd You could profit ,from some review of our

numeration system. Read Mueller, Chapter,

3. Then press E08

fn side//38x

fn, ,,tape//35

fn ' tape//36x

5-9-a qu If you want to hear-41e tape again, type r.

If not, just press LOB.

C4 (Ea)

cb P

wa r

Wh' ' R- '

.

:

br ::5-9::- '''
,, . c. ,-

Man* tapes contain information
which the student might need to
listen to mora%than once.' 'He is

allowed tq,choose-whether he wants

the repetition or not.
._, .

un Type r or press EOB

5-9-b rd

fn slide//38

fn wait//8

This "wait" function indicates
that the next statement will not

be typed until the slide has been

in position for 8 seconds.

5-10 qu Supposeia group of persons in an isolated

location were all born with four fingers

on each hand. What number base would these

people probably have used?

fiX
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Label .92 Code Argument

fn 4///1

ca . 8 ,fight

ty Correct,

fn slide//39x

nx

fri kw//1

wa .4,our

ty They might use base four - what other base
might they use?

When wrong answers can be antici-
pated, specific; clues or hints can
be given to show .why the ansver is
incorrect, or,'ai in this case, to
help the' student answer correctly.

think it,thi-ough more carefully: How many
*fingers do Wo have' in all? What base do
we' Use? What base would an eight fingered
person probably use? Now type your answer.

s'. , r f",%;

5-11 ilemeniber that base,en Sias ten single digits.
But how many willbase'eight have?

nx

fn kw/ii

ca .ight. 8

ty Correct

un Base fight has gighls Ogle digits. Type
eight,

5-12 rd

ty Let's,try_counting in base eight. 1, 2, 3,
74, 5,-6$ $ and we-need a digit to

represent the cardinal,number of,the empty
set - 0. That's eight digits.

ty If we add 1 to 7, we reach the sum 8 - but
8 is not a digit in base eight.



Label 2p, Code Argument

5-13

ty Recall what happens under the same circum-
stances in base ten.

qu Now write the numeral which means "one of
the base and zero °nese" in base eight.

nx

fn

ca

ty

ca

When sore than 3 or 4 liuea are
to be typed to the student, they
are generally presented in segments,
using the ja (typeodt) function,

kw/0

, 10

Correct

10

ty 10 (eight) is more definiAve.
correct -

just remember which base your answer is

un The number after 7 in base eight is 10
(eight), which means "one group of the
base (eight) and zero ones." Type 10

(eight).

rd

fn

fn

fn

fn

fn

fn

6-13-a qu

ca

cb

wa

tape//36

tape//37x

slide//39

tape//37

tape//38x

slide//40x

Type r or press E08.

(E08)



Label !it ;ode Ar t_.A.E..1 _lent

R

br 5-13
*

un Type r or press EOB.

5-14 rd

slide//40

Now Study the humberline on the next slide.

qu

nxrd

fn

What number should appear after 17 (eighty?

,

i .

0

Ca ,20

ty *Correct.

ca 20

ty Correct - remember fOs 20 in"base eight,

297,

. ,

nx

fn kw//1

wa , 18

ty Do we use the numeral 8 in base eight?
One of the base and 8-More would equal 2

of of the base. How should 2 of the base be
written?

,un The-numeral_after 17 (eight) ilould represent
, 2 of the baie,. How should 2 of the base be
wtitten?

un The'huMeral after 17 (eight) would be 2 of
the base or 20 (eight). Type 20 (eight).

Several un statements are sometimes
used to give increasing specific clues
or hints. Generally, the final un
statement willtell the student the
correct answer-.

5-15 qu
r What numeral will follow 20 (eight)?

'ix
fn kw//1
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Label 22, Code A.9.3111rtnt

C4 21

ty Correct

C4 21

Correct - 21 in base eight,

5-16

un The correct answer is 21 (eight), meaning
"two of the base and one more.", , Type the

correct answer.

4u

nx

fn

ca

ty

br

un

br

Notice the x's on the slide.
If you were to divide them into groups of
eight, how many groups of eight wouid there

be?

kw//1

3 three

Correct.

6-17

Incorrect.

5-16-1

K.

If the student -types the correct
answer, be_is branched on to question
17.' If, hOever', he answers incur-
rectly%, he srli4anched to a series

of questioni, Varying in length frog
2 to,10,Jor additional help.

5-16-1 qu If yOu were counting the x's in base 10,
how many x's would there be in all?

fn kw//1

ea $ 25

4n The correct answer is 25 (ten). Type 41-tc

515-2 qu Now many 8's are in 25 (tee)?

nx



Label pit Code Argument

fn kw//1

Ca ,,hree, 3

un There are three 8's in 25 (ten). Type 3.

5-17 qu How many ones are. left ,over?

5-18

nx

fn kw//1

co

un The correct answer is 1 or one. Type it.

qu How would you represent the number in base
eight associated with the x's?

nx

fn kw//1

ca , 31

ty Correct

ca 31

ty Correct - 31 in base eight.

How many groups of thll base (eights) are
contained in the x's? How many ones?
Try again.

uv There are 3 groups of the basejeight)
,Type -31 (eight).

5-18-a rd

fn slide//42x

qu Write the numeral in base eight which means
"five eights and seven ones.

fn kw//1

co. , 57

ty Correct.

un The correct answer should be 57 (eight).

5-20 rd

ty Recall the progression 'of place values in
,base ten-ones, tens, hundreds, etc.
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Label 92, Code Argument,

ty In base eight, place. values are of course,
based on powers of eight.

ty Study the place value chart on the next slide,

rd

fn slide//42

fn tape//38

fn tape//39x

qu What numeral should be inserted i n place
of the A in the chart?

nx

fn kw411'

ca ,ixtyfour, 64

ty Correct.

un The correct answer should be 64. Type it.

5-21 qu After 8 x 8 would come 8 x 8 x 8. what
numeral should he inserted in place of B?

nx.

fn kwill

ca. ,512

ty Right:

un 8 x 8 x 8 or 8 cubed = 512. Type 512.

5-21-a rd ,!

fn slide//43x

5-22 qu When working with other bases, we frequently
change a'number from one base to another.
What is the value of 37 (ten) in base eig4v,?

nx

fn kw//1

ca , 45

ty Correct.

br 5-23

ca 45

ty Correct, 37 (ten) 45 (eight)



Label 91, Code Arri_ment

br 6-23

un Incorrect. Let's break the problem down

into smaller Steps. If however, you
realize how to find 37 (ten) in base
eight, type in the correct answer at any

point,

br 5-22-1

5-22-1 qu Look again at 37 (ten). We are looking for

a way of regrouping it in terms of eights

or powers of eight. What is the largest

:power of eight represented in 37jten)?

nx

fn -Awin

ca *.3 oightsirst

nx

kw//2

ca , 8 , 1 ,first

ty Correct.

nx

fn kw//1

ca , 45

ty Good for you 37 (ten.) ;= 46 (eight)

br

un

6-22-2 Au

Notice that 45 is the answer to

the original, questlon, "What is the.
value of 37 (ten) in base eight?"
If the student realises his error at
this point, or during any of the
succeeding remedial steps, he can

simply type; the" Correct answer and

will be btanched'out of the remedial
sequence.

301

5-23

The correct answer is "8 to the first power."
Eight raised to the second power or 64, is

not contained in 37. Type "8 to the first

power."

How many groups of 8 are there in 37 (ten)?
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Label k Code Argument

nx

fn kw//1

ca our, 4

ty Correct

nx

fn kw //l

e4 45

ty Good for you! 37 (ten) = 45 (eight)

br 5-23

un 8 goes into 37 four times. Type four.

5-22-3 qu g3ke a place value chart for base eight on

a piece of scrap paper. Write 4, in the
eights column. What is the remainder when

you subtract 4 eights from 37 (ten)?

nx

fn kw//1

ca Ove, 5

ty Correct

nx

fn kwill

C4 45

ty Good for you! 37 (ten) = 45 (eight)

brz 5-23

un 4 eights = 32. 37 - 32 = 5. Type 5.

5-22-4 qu SinCe there are no eights in this remaicler,

this indicates the number of ones remaining.

Write 5 in the ones column. No read the

number. What is 37 (ten) in base eight?

nx

fn kw//1

ca $ 45

ty Correct - 37 (ten) = 45 (eight)

un 37 (ten) = 45 (eight) Type 45 (eight)

5-23 qu What is 75 (ten) in base eight?
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Appendix H.1

Reprinted by permission from

Management Accounting. Section 1
Vol. XLVII, No. 5, January 1966, pp. 38-45

Management Ac..counting Via
Computer-Assisted Instruction

By ME J. =Atom an.

Prat RAPID It= of technological
change in the American economy

has traditionally been' associated with
manufacturing processes; improve-
ments of products, etc. 'Educational
'psychologists have recently 'made ex=
plicit attempts to apply the fruits of
this technological adVinev to teaching
situations, including the industry
programs, of training new employees
and re-educating. existing personnel.

Diving the past -year the author of
this 'article has been engaged in a
resiorth project the pUrpose- of which
is to" develop an experimental pro-
gram 'for teat hing basic management
accounting through the Use -ef
'computer?

Computer-assisted instruction may
be characterized as an automated
instructional process with the follow-
ing features: '-(I) a' computer pro-
tram, (3) a centralized high- speed"
computer which' is actually a high-7
speed 'data, processing systeriva' net-
work at machine componefits---and
(3) student itatiOns 'which *are' tied

'16 the hy,.th-speed computer.
The coMpUter Must be capable og,

accommodating a large number of.,
stUdents simultineonsly..!iihe in.Struc=,

tor, in the traditional sense of the
word, is involved with the program
'in the sense that he may actually
iirepare it or approve its' use.-',

The phile=phy or hypethesis un-
dvlying such a learzing=teaching
situation is quite ''siniPle. First, in
view of the: present mass of people
to be educated all teaching cannot be
done' by hUmin beings. Furthermore,
the teacher can emphasize his finer
points, leaving many procedural as-
pects to the computer. A brief de-
sciiption of the development of a
basic management accounting course
for Computer presentation is given
beloW.

1The, overall project is entitled "Development
and Presentation of Four Different College
'Courses by Computer Teleprocessing." Two major
purposes of this research are (1) to study the
feasibility of phasing computer-assisted instruction
into the instructional program of a large state
university. and (2) to field teat the computer.
assisted instruction courses official college
classes with typical' students and other normal
educational ;parameters. Courses are being de-
veloped in engineering economics, modern math-
ematics, audiology sod basic management account-
ing. The project is supported by the United

:1 a Te:tt 1.401 the National
provisions

Act of 1958, Project No. (0E-4-16-010). The
'equipment used is the IBM 1410 computer
configuration at the Thomas Y.:Watson Research

;;Center, Yorktown Heights, New York. Comple-
tion date ,for the project is .scheduled for June
30, 1966. I am especially appreciative for the
efforts expended by Charles Hugh Smith who
served as my graduate assistant during the past
year and to Harold Miteel and Kenneth Wodtke,
Co-directors of the project.

JOE J. CRAMER, JR., CPA, Williamsport Choler 1964,
is Assistant Professor of Accosnesing, College of Mahon
Administration, The Pennsylvania State University,
versity Farb, Pa." He hold's a B.B.A. degree from Texas
Soothers University and M.B.A. and D.B.A. digrees from
indiana University. Professor Cramer is a frequent con.
*Onto, to professional journals.
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COMM Content

The course is s one term course
formally classified its basic manage-
ment accounting. As developed for
computer presentation, certain por-
tions of the course have been ex-
panded by "Suppleinentary Reading
Assignments," prepared by the course
aUthor.

.The completed course, as originally
programmed for computer presenta-
tion, consists of the ,following topics
(ten chapters):

,

.1. Introduction to management
accounting:
A. The responsibility account-

ing and dual posting con-
cepts in' relation to cost
accumulation for , (a)
control and' (b) income
measurement permeate
the entire course.

Fig Distinction between ace-
, ccunting procedures for

merchandising, and man-
ufacturing firms.

U. The cost accounting cycle (ac-
counting for materials, labor

-and overhead.)
111. Basic cost accounting' syStems

(historical and standard cost-
ing systems):

Job order costing
B. Process, costing

IT. Control of manufacturing costs
(classification of costs as fixed,.,, ,

variable and semi-variable
for control purposes, and
usefulness of the flexible bud-
geting technique for control
of factory overhead costs).

V. Amounting data for business
decisions (an introduction).

In view Of recent curriculum
ehanges by the' accounting depart.;
ment at Penn State, the course author
plans to expand the above outline to
include direct costing and budgeting
(period planning).

Count Author,
Student and Computer

The course included in the reTesurch
was prepared by utilizing a special

author language developed by IBM
computer scientists at the T. L
Watson Research Center. The lan-
guage IS not bound by or committed
to any particular teaching method-
OlogY

A very limited knowledge of com-
puters is necessary to use this lan-
guage. Authors implement their own
instructional techniques or teaching
methods as ;osmoses are written.

With the special language the au-
thor_ can include questions, problems,
assignments, correct answers, incor-
rect answers, knowledge of results,
branches,, er alterations in_ the course
sequence, etc.. The course is Stored on
a' magnetic disc to which the com-
puter has selective access 'to ay part
with a delay of time of less than one
second. -

The course is presented to, students
via an IBM 1050 teaching
This terminal consists essentially of
a modified electric; ypewriter through
which the, ;computer types out course

. material 'to a student, seated, at the
.terroinal. Information can also be
presented by slide, projector and 'tape
recorder under control of the ,com-
puter.

In answering a question or prob-
.

lem, the, simply types his
answer, a the terminal and, relays it

_to the central computer which in tr.rn
provides immediate feedback or
knowledge of results to the 'stet.
Tins the teaching station is an input-
output device. The computerized ver-
stoat of the course is demonstrated by
the following illustration of a short
sequence. In this case problem, it is
assumed that the student has"._ read
the relevant section of the tat or
other assigned readings dealing with
computation of equivalent units and
unit costs.

Short /Process Cost Problems

Imelda Presesiing Oorporation in-
curred ,*40,000 of Production costs
during the past month. Materials



costing $22,000 were introduced at the
start of processing, while conversion
costs of $18,000 were iacurred at a
uniform rate throughout the produc-
tion cycle. Of the 40,000 units of pro-
duct started, 38,000 were completed
and 2,000 were still in process at the
end of the month averaging one-half
complete. No inventory was present
at the beginning of the month.
Reams=

1. The equivalent units of produc-
tion for (a) materials, (b) unit
conversion costa.

2. The cost of (a) ending work-in-
process inventory, (b) goods
manufactured.

The case` problem can be either
typed out to the student by the com-
puter or instructions given directing
the student to acquire the problem
from the person in charge of the
'teaching stations After the student
has studied the problem he signals
the, computer to initiate , the, instruc-
tional sequence which, in effect, tests
or demonstrates the student's under-
standing of assigned reading mater-
ials.

In the following example, a section
of the course based on question 1(a)
of tie above problem is- presented and
explained. Notice that both main line
as well as remedial questionS or in-
structions < are labeled so< that the
random access feature of the system
can be implemented.

Jet 1=1
rd In the Imelda, 'recessing Cor-

poration problem, it is assumed
that no inventory was present
at the beginning of the month.
Therefore, identical results are
achieved irrespective , of
whether the average -lasting or
first in, first, out method- is
employed. Nevertheless, use
the basic framework as set
forth for average costing hi
order to solve She problem.
Press (EOM when you are
ready to proceed,

la 1-2
qu, What is tie equivalent of

production for materials?
xl CO

ty, Try to work fasten
ca 40,000
cb 40,000 units
ty Very good. It, is apparent from

your response that you under-
stand the procedure for calcu-
lating equivalent units.

br 1-3
wa :3,9,000
wb 39,000 units
ty Your answer is incorrect. Read

the problem again, and pay
particular attention to the
manner in which- materials are
introduced.

un Try again. Remember that ma-
, aerials, are introduced at the

start of processing.
Perhaps you do not recall the
,definition of an equivalent
unit. Remember that equiva-
lent units must be, calculated
for each cost element, and you
are to restate units associated
with each in terms of com-
pleted units.

un.

Explanation of Ia 1-1 and la 1-2: The computer presents instructions
to the student in la 1-1 and he is told to signal completion af which
a,question (la 14) is typed out by the computer, The stutient is: then
given ninety seconds in which to respond. If ,an answer is not entered
during this time period,,,the computer corny ands the student, to 'work
faster. Thus, student responses (including failure to respond) deteimine
which operation codes will be executed by the computer. If the'student
responds by entering' either the , ca or the cb the computer will give the
type out associated with the correct answer and proceed to is 1-3 which
is the next main line question in the sequence. If either the wa, or wb
response is given by the student the computer will give the associated
type out and wait for the student to try again, The , course author can
include as Many, correct and incorrect answers as he ;Ashes. In this
partietilat sequence 'the computer would give the, -;first un if 'the student
entered a' response not programmed by the course author this' bat done

onW.,,,,rar/P.Ox*ft.
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a second time ,the second un would be executed and the student eaten a
remedial branch. Assume that the student gives two unrecognized
respotutes. 1Le computer would then "branch" him to la 14a.

1-21i
1-2a
The general procedure for
computing equivalent -Units is
based on the following for-
mule: Units completed and
trans Phis units Pa-eluded
in ending work- in process in-
ventorY (expressed in terms
of completed units) equal total
possible-production. Deduct be-
'ginning inventory t'expressed
in terms of completed units)
from'. total possible production
in order to determine equiva-
lent units of production for
the 'Current period."Notice that
it. may he" necessary 'to make
separate calculations for ma-
terials, -.labor, and' factory
overhead, depending upon
whether or not these items
are added at' a uniform rate

'during 'the' production process
or at the start or end of pro-
cessing, eta:. Thus, yeti should
teed 'each 'problem carenZly.
Are you now -able to determine
equivalent units of production
(in this case materials put into
proCess) for Materials by using
the above formula? If so, type
in your answer as' adjustet
-40,000
.40,000 units
1-3'

'This answer is also 'incorrect.
'Now consider 'a' step-by-step
solution.

br -141).
la 1-2b
qu How, many units were com-

pleteted and transferred dur-
ing the period?

ca 40,000
6; 4000, units

ca 38,000
cb 38,000 units-
ty Correct. "This inforMation is

given in the
un The answer is given in the

'problem. Type it in.'

la 1-2c
qu Now many (equivalent) units

of materials were included in
ending work-in-process inven-
tory?

Ca 40,0eo
cb 40,000 units
br 1-3
ca 2,000
cb 2,000 units
ty Very "good! You apparently tin-" derstand that all units are

100% complete with respect to
materials since all materials
are introduced at the start of
processing.

un Read the problem again in
order to determine the "stage
oU' Completion" of all units
with- respect to materials, and
try again. _ .--

un All units are 100% complete
with respect to materials. Thus
equivalent units of materials
included in ending work, in
process inventory amount to
2,000. Type in the correct an-
swer. Take a minute to make
a personal note to review
the procedure for calculating
equivalent. units.

la 1-2d
qu Is the following statement true

or false: , Beginning work in
process inventory is zero.
Therefore, equivalent units
would Ite zero for the various
cost elements.

ea true
cb -,True
ty Correct.' The answer is 'given

in the problem.
wa false .
wb False
ty

la
qu

Incorrect. Type in the correct
answer; it is given in the
problem.
1-2e
You, now have all the ne(es-
sary data for calculating equiv-
alent units for materials. Type
in the answer.

C
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ca, 40,000 qu What is the equivalent units
cb 40,000 units of production for conversion
-ty Correct costs?
la .1-3

Explanation of la 1 -2a, la 1-2b, la 1-2c, la 1-2d, and ia 1-2c: The random
access branching feature of computer - assisted instruction is demonstrated
by this sequence. This feature represents a significant advantage of
computer-assisted instruction over other types of programmed instruction.
For example, given the previous assutnption that the student enters two
unrecognized responses to question is 1-2, he is bvanched to 1a 1-2a
(a remedial quettion) where a hint is given which presumably should
enable him to answer the question from which he has been branched.
Only if the correct answer to la 1-2 or /a 1-2a is given will the student
proceed to the 'next main line question (la 1 -3). If the hint does not
,enable the student to answer, the question and he transmits another
incorrect. answer, he is. branched to remedial question 1-2b. In order not
to penalize the Student who can answer the main, tine question by forcing
him through the eniire remedial instruction sequence the student is given
a chance of answering either the main line question from which he has
been branched or the remedial question. If he 'does the former he is
-branched to the next main line question in the sequence, dwherees, if he
takes the latter route he is given Cie next remedial question, leading up
to an accumulation of sufficient information which will enable him, to
answer the question from which he has been branched. Vita, ituderit
who has a thorough understanding of his assignment, is 'able to woirk
through a sequence which would include fewer questions 'than the
student who experiences di/lenity. Irrespective of the actual path taken
by each student, immediate feedback is provided by the computer so that
he "knows where he atands.".

In the acival Program the ,short
problem above is expanded to include
beginning inventories, both -first in,
first out and average cost calculations,
spoilage calculations, more than one
producing department, etc., which
enables 'the student to acquire thor-
Otigh .exposure to relevant procedural
as_ pects of process costing."

As ilbistrated, the branching tech-
nique perm its' the computer to alter
the siquente of presenting course
materials 'Wised on responses of each.,
Student, thereby recognizing indi-
vidual differences: Another advantage _

is that 'the student 'cannot 'see- the
information 'stored in the computer.
:Unless the author includes ,,"heIp"
sequences in the program, the student
must rely on what he has learned.
'each student will get -different . re-
sponses from the computer based on
his -answers to questions, etc.

The course author attempts to de-
velop the program in a lexible man-
ner to facilitate the learning process
of as many -students as possible; In

addition to the above described
branching technique, it is now pos-
sible to incorporate a conditional
branching feature whereby a student
is automatically branched if his (ac-
cumulated) error rate exceeds a
certain predetermined percentage.

The special author language in-
cludes many other functions and
operation .odes- including tape re-
corder atid slide projector controlled
by the computerwhich facilitate the
learning process. Space does not
permit a detailed discussion o2 these
items.

Student Reactions

The following comments are based
on observations during the fall term
of 1964.

Fifteen students who were concur-
rently enrolled in the ten-week
course for college credit volunteered
to serve as subjects during the fall
term. Portions of five chapters of the
program were tested.

" " " " " _. e
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Student subjects indicated that they
were initially fascinated by com-
puter-asaisted instruction and im-
pressed by the large degree of student
independence which characterizes the
learning- situation as well as the
ability to proceed at their own pace.
Three students informed' The course,
author that for the first time during
college that they were able
to direct Meaningful question to the
instructor,. graduate assistant, or In
class, as a. result of reviewing com-
puter accumulation of student records
Which are mailable to both istud.mt
And 'cam* author.

In addition, student .subjects ex-
pressed great satisfaction: for having
been given an opportunity to partici.;
pate in a'reSekirch project. viith their
.dassioin instructor, 'Ishii type of
'student-teacher association (at the
larger university) is tisitally re-
Stricted to the graduate student.

Interestingly enough, the majority
of ("student subjects ins-cleated that the
early developmental- stage of corn..
puter-assitted instruction' has per-
mitted greater 'degree of student-
teacher interaction,- especially .em the
large college campus. Futu,eithplica
tions of this' aspect of computer-'
assisted Instruction is, of course, a
separate 'problem.

Several thdents became "bored"
after 'having worked- at the computer
for a 'few. sessions. 'Discussions with

...these students revealed the following,
reasons for this situation: Inability
to proceed at the same pace as formal
classroom assignments due to con-
straints on computer time and facil-
ities, and necessity to, in effect, pre-
pare "two" assignments--one for
actual course credit and the other for
the research project. Demands , on
student subjects', time in view of
enrollment in other courses ,, thus
accounts for part of this reaction.

Some students were nervous be- .
cause of. exposure to a nevi teaching
medium or inability, to type as ,pro-
ficiently as they would have liked,

coupled with the mere idea of having
to "operate a machine.s,' Most stintents
subsequently adjusted to, coniputer-
assisted instruction if they were per-
ranted ta wart 'alone and-if utneone
was available. in case :or 1"difficulty"
with hardware and course content.

Review of student recorits also ra-
vealed that there was, a noticeable
increase in the amount of material
covered, ,(ntimher of Ihrat) as the
student progressed through the pro-
gram, and that there was no apparent
reduction in' errors traceable to the
student and' those traceable to the
-hardware.

Errimil traceable to the student
relate to general 'misunderstanding of
Accounting torcePts and procedures
previously covered in prerequisite

accounting Courses, interpretation of

questions, spelling and :grammar,

arithmetic -errors, and, exposure to

new accounting concepts and pro-

cedures not readily comprehended

for the, first time.
Errors traceable to the hardware

(as well as the course author), relate

to the rigid manner in which student
responses are ,matched with those
included in the computer program,

failure to anticipate and program
acceptable answers transmitted, by
student '(due to terminology, etc.),
and other general errors in program-

*ing
In addition, students commented on

frustrations resulting from having to
"wait" at the terminal, for data, to be

transmitted by, the computer.
Most of the above student reactions

can be explainei by the fact that
computer-assisted instruction is going
through the initial research stages.
During recent months rapid strides
have been made in improving the
special author language so that much

, more flexibility, is given the computer
in recognizing alternative student re-
sponses and providing sufficient hints
which will reduce student frustra-
tions in the future.
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Computer-assisted instruction is a
relatively new area of research. Con.-

entlY, course authors and gradu-
ate assistants were, also subject to an
"adjustinent process" and they ex-

rierienced frustrations similar to,these
of student subjects. , Early exper-
iences of the author in developing
materials for the management ac-
counting course are indicated in the
following'tbree comment,s,

Original plan: to develop course
from classroom text _materials. Even
though a text is required for students,
in the usual classroom situation all
students are to broader.a broade
coverage of the subject matter.
Hence, rigid reliance on text mate-
rials alone would limit severev. the
teaching effectiveness of a computer
program.

Course authors can overcome the
above strait jacket by either pre-
paring supplementary reading assign-
ments for student subjects or requir-
ing library reading assignments.

To serve the needs of a wide
student and instructor audience and
derive benefits from a computerized
course commensurate with costs asso-
ciated with its preparation, "canned"
programs will have to be written in
a flexible fashion such that pedagogy
peculiar to individual professors can
be reflected therein with a minimum
amount of revision. Computer scien-
tists have already developed methods
of storing course materials which will
permit such flexibility. In other
words, a well-written course can be
modified simply by inserting or delet-
ing sections based on the discretion
of the in-charge or supervising pro-
fessor. Not only can pedagogical
differences be recognized in this
manner, but costs associated with
continuous updating and necessary
revisions of course materials can be
held to a minimum.

Revision of course materials. The

tiecessitit for revising *thins, of the
course implied by the preceding dis-
cussion'n. also vaults Primer/1Y from
improvements in the special author
language and review of records of
student errors accumulated , by the
computer.

In view of substantial improvement
and expansion of the author language
since initiation of the research proj-
ect, future revisions ,,of , the course
materials will incorporate, some of
the M4re recently perfected operation
codes where appliCable. The com-
pleted .version of the course will also
include guizzes, ;examinations and
additional case Problenisa

Student records provide indispens-
able information for revising flow
ebartine . ^a hifmt Aiagramming of
course materials so as :o improve
the interrelationships between course
materials, computer and students.
Obviously, the task of revising course
materials from this typo of informa-
tion is a continuous one. These re-
visions will enable the course author
to develop materials with sufficient
generality and flexibility to At indi-
vidual requirements of students.

Teaching of concepts and ;oractical
applications. An important implica-
tion of the use of computer-assisted
instruction, as revealed by prenmin-
ary testing of the management ac-
counting course by student subjects,
is that the use of this form of instrucu
tion is relatively more effective nor
the purpose of teaching procedurol
aspects and practical application;'
(approaches to solving problems,
etc.) as compared with the teaching
of concepts and theoretical considera-
tions. For example, computer-assisted
instruction is not presently developed
to the stage whereby the equipment
can handle and process complex
essay questions and discussions of
concepts in a manner to reflect
individual differences of students.
Distribution of supplementary read-
ing assignments, referred to earlier,



31 2

is the method used in the manage-
ment accounting course to overcome
this passible shortcoming of auto-
mated teaching. On the other hand,
computer silentisti continue the
Search fOr methods of improving the
hard** so that complet and com-
plicated student answers can be
.pmcessed.

Coadadfas Obavivadesw
The fulatre of cianputer-assiA4

strixtion will, no doubt, be viewed
with great optimism and eager an-
flotation due to the present education
explosion and shortage of faculty as
well as the limited funds iiiailable to
accommodate the required expansion
in ,educational activities. As indicated

by its name, ci#mputer-assirt, td in-
straction is intended as an 'assisting
device. ,

As is gererodly true' with he intro-
ductian of any form- of change, ob-
serve-vs aø concareed and wiU, con-
tinue to "be conterned, 'with many
questions relating 'to the, future pro-
apects of coroputer-astisied 'instruc-
tion. Air csairiple, costAenetit
other feasibility studies Will be
undertaken and reactional of and
effects of this new form of instrUction
on students will be analyzed. No
doubt, computer-assisted instrucUen,
even in its 'development stages, as
one compelling positive slant: all
teaching simply cannot be done by
human beings!'
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Computer-assisted instruction:
implications for tea,cber education
C. ALAN RIEDESEL and MARILYN ;N. SUYDAM
The Pennsylvania State University, University Park, Pennsylvania

Dr. Riedesii is an associate professor at The
Pennsylvania State University. He teaches under-
graduate and graduote courses in content and in
methods for the teaching f arithmetic.

Miss Suydam is a doctoral candidate, majoring in
elementary mathematics education.,

There is agement between mathemati-
cians and educators that future and in-
service teachers need a good background
in mathematics subject matter. Toward
this end many colleges, universities, and
school systems have developed content
courses for elementary teachers that are
very similar to the recommendations of the
Committee on Undergraduate Program in
Mathematies of the Mathematical Associ-
ation of America.

With the increased press of enrollments
in these preservice and iti-service courses,
it has become increasingly dificult to find
instructors who can teach these content
courses in a manner that not only improves
the student's background hit also improves
the student's attitude toward mathematics.
In this article the authors will explore the
possibilities of the use of computer-assisted
instruction in mathematics courses for ele-
mentary school .teachers and will report
findings 'from a field trial in which CM
was used as the major portion of a college
mathematics course. To the best of the
authors' knowledge, this is the first attempt
at such a use of CAI.

Just what is CAI? The name should
convey the concept of a computer's being

used as an aid in the teaching-learning
process. Essentially, it is programmed in-
struction presented under computer con-
trol, Course content is programmed using
Coursewriter, a computer language devel--
oped by, International Business Machines ,

Corporation's Thomas J. Watson Research
Center. The program is stored and relayed
by a computer, in this case an IBM. 1410
data-processing system located at the Com-
putation Center, The Pennsylvania State
University. Course materials are processed
over telephone lines for presentation on
IBM 1050 student terminals--a modified
electric typewriter, random-access slide pro-
jector, and tape recorder unit. -

Each student relays his response to the
computer, which evaluates the response,
proviels knowledge of results if corral,
and then either shows a slide, plays u
tape, or types out the next question. If
the answer is an anticipated wrong answer,
a specific clue is provided; and the stuGent
again respond& to the question. For un-
anticipated wrong answers, the computer
either types out a series of clues or the
reason for the correct answer, or branches
to a series of smaii-step questions. Course-
writer allows for partial answer-processing
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on such falors as key words or spelling.
Branching decisions are based on partic-
ular answers, on an accumulated error
count, or of student decision.

There are several advantages that have
been noted for CAI, particularly in com-
parison with other programmed devices:'

I. The computer carefully controls the
_learning sequence of each student and re-
quires the student to comprehend each
frame.

2. The computer can judge constructed
responses for accuracy.

3. The computer may offer a more
stimulating learning situation than, is some-
times provided by programmed texts...,

4. The computer can utilize background
information on each student for construct-
ing learning sequences and judging, re-
sponses.

5., The computer is more versatile than
the programmed text. It can teach a wider
variety of tasks and employ a wider range
of auxiliary stimulus-presentation equip-
ment.

6; 'Ciirren4,:' there' is a great deal of
interest in the use of a guided diScovery
approach to the teaching of- mathematics;
The 'author:of a- CAI sequence is to
use the same type of guided questioning'
that is typical of guided AscoVerif patterns.
In fact, it has an advantage over a.guided
disariery clikiissiOn, since each learner
must respond to each 'question, experienc-
ing diseovery

'The computer offers data on the
entire learning session* as Well as nary
information; These data Can 'be useful in
revision of a programmed sequence' as well

as for School records and research Pur-
poses. Students- -can use their "type -outs"
for'sllidy. 'Also,' student records can be
very useful hi analyzing the thinking pat.-
terns of students.

*Many of these were adapted from Welter Dick.."The
Development and Current Statue of Computer-Hasid
Instruction," America* Vducetiosi: Re earth Journal,
11 (JanUarr 196S), 41.44.

8. -The computer is a long-term invest-
ment that may be used for a variety of
purposes, such as data processing. It may
be less expensive and less space-consum-
ing than programmed texts.

Is CAI an -effective means of teaching?
This is a question that needs thorough
study. The field test report that follows is
a small piece of the evidence necessary for
adoption of CAI procedures on a wider
scale.

The course used in this study was pro-
grammed on the basic mathematics con-
tent of Math 200, for freshmen and
sophomores in the elementary-education
sequence at PSU.2 addillon to the course
text,3 other referencej_were used as content
guides in writing the program' The ma-
terial was divided into fourteen chapters,
with the following indicative .titles: Sets;
Relations; Exponents; Our Numeration
System; Other Numeration Systems; Whole
Numbers: Addition, Subtraction, Multi-
plication, Division; Integers; Rational
Numbers: Fractions, Decimals, Ratio and
Per Cent; and Real Numbers.

The Strategy of instruction for the' CAI
mismiath programs uses several 'ffaiic as-

=This _course was developed as a Portiink of "Th9 De-
velopment and Presentation of Pott Different Collage
Courses by -Computer Teleprocessing." s research pref..
ect funded under the ,provislons of Part B, Title YU
of the National Defense Education Act of '9118. U.$,
Office of Education Project Number 0E46-010, Col-
lege of Education, The Pennsylvania State

'John A. Peterson-and Joseph Hasbisajd, iitOff of
Arithosegc (New !fork: John A. Wiley des sou;

Traacis J. Mueiler, Arithmetic-4U Stivoiscrs -.4O641
Concepts (Englewood Mfrs; N. L: Prentlee.thLll, 1094);

Robert. L. Swain and .Eugene- D. Nichols, thurerettai.
ing,Arithmetfc. (New 'York: Holt, Rinehart an4
sten, i995).

Li. 'Ward and C. E. HardgrOve, Modern Ehnseutay
Moth*matice (Reading, Hum; Addison: Wesley Ps e.
lishing Co., 1963).

G. Cuthbert 'Webber and John A.''Bi..114%,` Sofa
Concepts of Matkelosties (Retding, Adak*, ,

Wesley Plo-ZABing,CO., 1963).

gThetitld ma:math is formed ,frem "mod= elatioe
mattes with audiovisual aids"; tapes . and Miss Ore
activated by the coMputer. Another version', essfoleilk,
use ji book Of display in glare of the taps and faises.

9



sumptions concerning the teaching-learning
process.' These are:

1. Mathematics is best learned when
students are encouraged to discover the
basic ideas, laws, or principles of math-
ematics. Thus, students should be given a
chance to solve a new problem rather than
be shown how to solve it furs.

2. The reason for studying a topic
should be made clear by the manner in
which it is introduced.

3. "Individuals _differ in their recep-
tivity for learning."7

4. "Effective learning is continuous and
developMental in nature;"8 thus previous
generalizations and facts are helpful in de-
veloping new generalizations.

5. "Continual failure by an individual
at any level makes for ineffective learn-

ing."'
6. "Active participation by the student

tends to produce an effective learning ex-
perienct.""

7, "Knowledge of one's progress con-
tributes to effective learning,"

A belief in these assumptions leads to a
teaching procedure in which the student
is presented with a problem that can be
solved by his use of previous knowledge
and his thoughtful discovery of the next
step of knowledge in the subject. This ap-
proach can be called an inductive ap
proach. A deductive Approach is usually
used in programmed materials. The follow-
ing contrasts these two approaches:

INDUCTiVS APPROACH

Student is presented with problem.
If problem is solved by student, he is led to

refine his procedure for solving p_oblems of this
type.

'Francis G. Lani-ord, Jr., "Implications of the Pa-
d:co/or/ of Learning for the Teaching of Mathematics,"
The Growth of Mathematical Mat, Gram it-/e
(Washington. D.C.: National Council of Teachers of
Mathematics, 1959), pp. 405-40, contains a more ex.
tensive list of learning PrieeiPlee for tear-hi= mathe-
matics.

p. 412.
MIL. P. 415.

it 4211.
alba, p. 41$.

p. 428.
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Student is asked to develop a generalization.
If student cannot solve problem, he is asked

developmental questions which lead to the so-
lution.

Student sirk:es a similar problem.

DEDUC1TVE APPROACH

Student is presented with generalization.
Student is presented with illustrative problems

in which the process of solution is explained.
Student applies the generalirstion to solving

problc:ns.

The mavmath program attempts to make
use of a teaching technique similar to the
inductive pattern. One or two questions
cannot adequately convey this pattern;
however, the follow; ig sequence from the
program is included to Mustrate the Way
in which the material is programmed Li'
the computer. The flow chart (next page)
depicts the questions and comments in
graphic form, so that the procedure used by
the computer may be better visualized.

There are approximately one thousand
questions, which every student answered.
There are also branching questions; the
number of these answered by each student
varied. The study did not attempt to con-
trol the number of questions or time.

The problem that was explored referred
to the value of CAIhow does it affect
the achievement of a group compared with
the achievement of a group in the tra-
ditionl 44ASS pattern?

The populationall freshman students
in the elementary education and special
education curricula at PSU who were
scheduled for Math 200 daring i spring
term.of 1966 were assigned to sections, at
randoin; by a computer. From the four
sections, one was selected at random. The
26, students in the section (all women)

were pretested with a 40-item test of
mathematical content developed by the
authors (Kuder-Richardson, Formula 20,
r = .82); the results were used as a basis
for selecting ten, matched pairs of students.
One member of each pair was randomly
assigned to the CAI-treatment group and
one to the teacher-treatment group,

All students in the section met together
for one standard 75-minute period per
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'f

Qv 5421 When working with other bases, we frequently
change a number from one bast to another. What is
the numeral in bass sight which repro -Ilts the same
number as 40 (ten)/

41111111116111MINIMMIIIMMINIIPINIMNIMOP-'

Si

, branch-
fo 543'

brands to
5-22-1

5-224 Look again at 40 (Mn). We are looking for
a way of regrouping it in terms of eights or powers
of eight. What is the largest power of eight- repro-
seated in 40 (ten!?

A series of questions follows, finally leading to the correct answer
to 5-22. Then question 5-23 is presented.

5.23 What is
324 (ten) in base
eight/



week for discussion that centred on their
questions in regard to content. Both groups
used the text Theory of Arithmetic, by
Peterson and Hashisaki, and both were
provided with the same study guides. The
instructor of the course was coauthor of
the CAI program, and he used the same
outline for the class as had been used in
developing the CAI, program. Both groups
were considering the same topics each
week. As a measure of control on outside -
of- class practice, the answers N:s study
guides were collected.

Th." teacher-treatment group met twice
a week for class periods of 75 minutes
each, The instructor developed the math-
ematical content inductively, to parallel
the premises of the CAI program. The
CAI-treatment was scheduled for 21/2
hours per week on the computer, equiv-
alent to the time spent by the teacher-
treatment group. Instruction and testing
occurred within a standard ten-week term.

The/posttest was developed from a spe-
daily written 200-item pool prepared by
the authors. Items were selected from the
pool on the basis of balance of content,
content validity of the item, and indices of
difficulty and discrimination. The test items
are divided into three classifications:
knowledge (30 percent), understanding
(32 percent), and application (38 per-
cent). A reliability of .82 (Kuder-Richard-
son, Formula 20) was found for the 50-
item posttest.

The mean of the teacher-treatment group
on the posttest was 40.9, chile the mean
for the CAI-treatment group was 40.4. By
inspection, the difference between the
means does not appear to be statistically
significant. For the sake of precision, a
t-test was performed; a t of .07 resulted.
The null hypothesis that the two groups
are equal cannot be rejected.

What implications fOr the use of CAI
does a finding of "no significant differ-
ences" have? In this study, CAI students
fared as well as students in an unusually
small class. Thus CAI appears to be a

feasible too/ for teaching mathematics
courses for preservice teachers

There are several other facets of ele-
mentary-teacher education in which CAI
should receive more than Cursory examina-
tion:

First, CAI could be, used, as a short
course for the .preservice teacher with an
extremely good backgound. This would
allow that student to learn more math-
ematics in the time allowed for the study
of mathematics.

Seconds CA:1,' has great potential for in-
service work. At present, the t-, pical pat-
tern of in-service education involves after
school or evening meetings with an in-
structor from a nearby college, a faculty
member from the senior high mathematics
department, or a fellow teacher or admin-
istrator who has attended an NSF summer
institute or a comparable program.

Several difficulties arise from this type
of program.

There is the passiveness of the situation.
The teacher sits and listens rather than
actively working on the material. Using
CAI, the teacher would be actively in
volved in learning the content. One doesn't
just sit and allow an electric typewriter
to hum.

Teachers would not have the resentment
they sometimes feel when a secondary
school or college "expert" or a fellow
teacher tells them what to uo. CAI con-
tent-instruction would allow the educa-
tional leader in mathematics to take the
lead in discussion centered on the imple-
mentation of good mathematics programs.

Third, CAI is a good device,for studying
sequencing of mathematical materials and
teaching methods. It allows for control of
the teacher factor in research studies of
the type that ask such questions as,
"Should multiplication and division be in-
troduced on the same day?"

Up to now, a rather positive view of
CAI has been presented. However, there

317



are smut questions to be answered con-
cerning the use of CAI:

1. Few students have had more than
ones course offered by this method; what
is the reaction to long-term study by CAI?

2. At the present time, there arc the
technical difficulties associated with any
new product=-,can they be solved? Just as
the, teievition set of 1950 needed repair's
every, few months, the present CAI sys-
tems have sometimes frequent disruptions.
These prOblerni hopefully will be over-
come with increased experience and use.

3. Writing CAI materials takes a long
time. The authors spent the equivalent of
two man-years on a course that is approx-
imately a two semester-hour College course.
Ways of improving writing speed without
hurting 'quality must be explored. Thus
the question, "Can prograths be developed
more efficiently?" needs to be answered.

4. At the present tinie PA! is expert=
sive, as arc most newly developed devices.
What will be the cost of widespread use
of 'CAI? Only time will tell. However,
some experts contend that the cost will

be reduced to one dollar per hour on the
terminal.

5.. The computer may be psychologically
threatening to some students. The per-,
sistent questioning is demanding. Can _this
threat be overcome? Should all students
take CAI courses? Are there requirements
for adapting to learning by CAI?

Will CAI be a standard Classroom fea-
ture in the future? If the current interest
and development is any indication; the
answer is yes. HOwever, it is hoped that
educators will begin to learn izzrthirti,z.
from the history of other new media. In
partitular, it must be realized that an in-
novation such as CAI can be neither better
nor worse than the saholariiiip cre-'
ativity, of the persons developing the pro-
gram allow. 'If cm Courses are 'carefidiy
deieloped, the authors feel; CAI 'offer*
greater potential than previons innovations
such as Sound film, television, 'radio,
strips, and conventional programmed
struction. While the jut* is still mit; CAI
offers one of the most exciting Methods 'Of
studying the teaching learning procesi.
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Educational requirements for a
student-subject matter interface

by KENNETH H. WODTKE
The Pea nsykania State Unitiergly
Univeisity Park, Pennsylvania ,

INTRODUCTION.
The problem of communicating knowledge, skills,
and attitudes to students has concerned educators
for centuries. Earlier debates centered around the use
of lecture versus discussion methods, the use of the
textbook, workbooks, etc. In general, these earlier
"media" of instruction were passive display devices
requiring relatiiely little response ifivolVement
the part of the learner. Recent advances in communi-
cations technology have revived it ;rest in the
question of the Media of -instruction and have broad-
ened the avenues through which the learner may come
into contact with his subject. In general, the newer
instructional display and response devices are
"active" as opposed to earlier more passive media.
They provide for the adaptation of the instructional
materials to the ',Characteristics of the individual
learner as contested with earlier "static" display
devices, and reqUire adtive response involvement by
the learner in the process of 'instruction. These* de-
vices allow the learner' to interact overtly with his
subject.

Paralleling the recent technological, tkvelop-
ments in the area of computers and communications
systems, there has been an emerging technology of
learning and instruetion: 'A new breed of educational
psychologist has emerged which is dedicated to the
proposition that education can and should be a science
and not an art. Armed with the tools of behaviorism
and operationalism, he critically analyzes complex
subject matters,': behaiiorally defines and evaluates
instructional objectives, systematically arranges in-
structional experienCeS to optimize learning, and
applies theoretical models to the process of instruc-
tion. It is not surprising that these investigators
should also address themselves tO,the problem elf the
optimization of the Modes of communication used'
instruction.

, .

In computer-assisted instruction (CAI) the term
"student-subject matter interface" describes the
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devices such as two-way typewriter, cathode ray tube,
slide projector, tape recorder, etc., through which
the student interacts with the subject matter. The
twJ major dimensions of the interface are its aimulus
display capabilities and its respome processing capa-
bilities.* Stimulus display capability refers to the
varieties of ways that a subject matter can be dis-
played to a learner through the interface. Response
processing refers to the variety of student responses
which can be detected by the interface and pro-
cessed by a computer. The present paper will examine
several classes of educational variables which deter-
mine the characteristics of an effective interface.
The four categories of educational variables which
must be considered in the design of the interface
are the characteristics of the subject matter, the
characteristics of the learner, the nature of the in-
structional process, and the objectives of instruction.

Subject matter characteristics
Perhaps one of the more obvious factors affecting

the capabilities which must be available in an in-
terface is the subject to be taught. Different subjects
require diffeient interface characteristics. The most
extensive study isf the relationships between subject
matter characteristics and interface requirements

"The stimulus display and response prwessing capabilities of a
CAI system are not solely dependent on the interface device.
These capabilities are usually a joint function of both the interface,
the computer, and the software. The lack of an important display or
response processing feature may be due to a limitation in the in-
terface device, the computer, the software, or some combination of
several of these factors. Regardless of the source of the deficiency
the net effect on students is the same: The lack of an audio capa-
bility may be just as serious whetherit midis from an inadequate
recording and playback system, a limitation of the central computer,
or a lack of available software. The purpose of this paper is not to
analyze how the various display and .response processing capa-
bilities may be implemented technologically. This would be a task
for the engineer and computer scientist. The present paper will be
concerned with the educational variables which must be considered
in establishing speaications for a student-subject matter' interface.
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has been made by Glaser, Ramage, and Lipson.'
These investigators conducted an extensive analysis
of the behaviors involved in learning three subjects:
elementary mathematics, elementary reading, and
elementary science. The analysis was based on an
actual survey of instructional programs and curricula
used in the schools. From this task analysis Glaser
and his associates were able to draw up a set of
specifications for an instructional environment to
teach each of the subjects. A summary of their find-
ings is shown in Table 1. The table shows the wide
variety of interface requirements for elementary
mathematics, reading, and science subjects. Science

appears to provide the greatest challenge to the
development of an instructional environment. For

example, science instruction often requires the
visual display of natural phenomena and simulation
pictures. One can't help but note the obvious ad-
vantages of a closed circuit television capability as
part of the interface for displaying ecientific phenom-
ena. Science instruction also appears to place rather
sizable demands on the interface in the area of re-
sponse processing, thus, there are times when the
learner may need to manipulate controls, construct
graphs and figures, etc.

Some of the requirements, listed in Table' I arc
easier to implement than others. For example, our
experience at the Penn State CAI Laboratory in-
dicates that it is a relatively simple matter to provide

various types of manipulanda for the student at the

Table I

Stimulus end-Response Riquireienis for the

'Instruction:? Environment in'ElementarY
',Mathematics, Reading, and Science, y

4w7.1
,

MATHEMATICS

MMP*T.

READING SCIENCE.

*Numerals *Symbols *Pfctures *Nitural'phenomena

Visual qmoings *Pictures *Symbols *Pktures and draw-

Stimulus *Word% *Objects *Letters "no
*Meaningful arrays

*Sound pattern:

*Wards

*Words

1,Simuluation pictures

Auditory *Words (for young *Sounds for *Sound phenomena

Stimulus

Tactile

students)

Objects for manipu--

4.4)ols,,

Letters (for' ,Natural phenomena--

,Stimulus

Visual

lation

*Nmneral *Figures

young stu-
dents.

*Litters

friction, heat,
textures, 'etc,

Manipulative con-,

Display *Symbols *Objects *Pictures trots

for *Letters and words *Words *Sequential choice

. Response

. '

*Sequential choice

display

display

Auditory, Wards (for young Phonemes Words Words (for young

Response
Detection

students) Names of.letters,
Words in context

students)

Object, Numbers of objects Letters as objects. ,N#4.01 and objects

Display and Patterns of objects (for young stu- of science area

Manipulation -dents)

Symbol and Geometric figures *Graph construction

Figure Con.
struction

*Figure construe-

Sequential *Algorithm problems *Reading in con- *Cycles

Stimuli text ,*Natural sequences.,.
sequences

Time ,

Factor

*Patterns in time *Introduction of
prompts with

*Time factor in
natural phenomena

Prtsentation
-delayed response

From Glaser, R., Ramage,' W. W., and Lipson, J. I. The Interface. Between Student. and

Subject Matter., Learning Research and Development enter, UnfiverinriNITIM47-

-PittsouriN7YE; 1964. PP.' 177.

*Instructional, functions which probably can be implemented in a CAI system within the

foreeeable ftitare.



instructional terminal. One course in audiology
. covering the anatomy' of the ear provides the student

with various plastic models of the ear and the skull.
The student is taught to identify the anatomical parts
of the ear both by reference to slides depicting the
various parts of the auditory system and the actual
models.

One conclusion seems evident from an examination
of Table I. Existing interface capabilities cannot
accommodate all of the requirements of these subject
matters as they are presently' taught in the sChOOls.
Furthermore, it is doubtful whether some of these
capabilities (voice detection for example) will be
feasible in the very near futute., This observation is
not surprising in view of the fact that most classroom
instruction provides a wide variety of experiences for
the /earner. It must be remembered that ,Glieser's
analysis reptesents the total spectrum of instructional
experiences and few investigators expect CAI to
.reproduce all aspects of' these', eXperiences. The
rather marked discrepancies betWeen the require-
ments of Table I, and current interface capabilities
reemphasizes the widely held view thateCAI must be
supplementary to existing instructional techniques.
Mitzel2 has pointed out that one of the most im-
portant problems to be, solved in the development
of CAI is the determination of the appropriate "mix"
between computer-mediated instruction and com-
ponents of instruction which are mediated by the
teacher or .by still other means such as educational
television. It is likely that the nature of the "mix"
will be determined in part by the-kinds of instructional
experiences which can be efficiently and effectively
provided by the CAI interface.. Those experiences
which cannot be implemented, via CAI must be pro-
vided by the teacher or by some other means.

What are: the instructional funCtiOnse which can
feasibly be prOVided within the next generation of
CAI systems?`, '1 indicated my 'Own conjec-
tures with regard to this question by marking with

. an asterisk those 'instructional functions listed in
Table), which,,I think can be implemented within a
CAI system in the foreseeable,future.

. .

Work with high school and college level CAI
courses at Penn -State (Mitzel,3 'Mittel and Brandon
4-5.6) indicates that the level of the subject matter is
also a critical variable in determining the requirements
of the interface. Elementary mathematics presents
one set of interface problems and higher mathematics
another, .

The nature of responses in a mathematics program
are often such that the course author is willing to
accept as correct a range of answers. In' the' course

321

of solving a complen mathern-atics Problem rounding
errors may result in minor variations in the numerical
answer. If the computer is programmed to require a
perfect match of the student's answer with a prestored
answer, answers which are essentiety correct will
be regarded as incorrect by the machine. As a solution
to this problem, IBW has developed a "liniit func-
tion" as part of their Coursewriter language. Limit
function allows an author to program the computer to
accept all responses within certain specified limits
as correct responses.

Another probleni occurs in attempting to teach
college mathematics using 'a typewriter terminal to
'display the course and process student responses.
Mathematics frequently involVes the display ef rela-
tively complex equations and symbelic Configurations
containing 'subscripts and Supersetipti. The type-
writer is not efficient in dealing with such. materials,
and may actually interfere, with learning when the
student is' confronted with the complex 'task of in-
putting symbolic material. The cathode ray tube
display may alleviate this problem to some extent,
but the problem of inputting syMbOliC material through
a keyboard' still remains. It is noteworthy that even
the most experienced typists.' have diffictiltYln te-
prOdUcing material Containing many symbols and
equations. 'IBM "attempted tc Salim this problem
by developing a me oternatics typehead' and a key-

,

beeard mask to aid the student' identifying the new
character 'set. Our experience with this device at
Penn State' suggeits that it is satisfactory for re-
latively' short responses,' but that it dims not gteatly
simplify the inputting task for longer 'symbolic re-
spOnses. 'IBM's discontinuation of the mathematics
typehead for its 1050 'communications SyStem sug-
gests that they may 'have had similar misgiVingi con-
cerning this' procedure.

Mathematics is not the only subject matter which
presents _,special problems for the CAI interface.
Several studies conducted at Penn State (Wodtke
and Gilman,8 Wodtke, Gilman, and Logan9), demon-
strate that the typewriter is an inefficient interface
for ,highly verbal subjects at the college level. When
identical instructional programs were administered
on-terminal and off-terminal there was an increase
in instructional time of 25 per cent in the on- terminal
groiip with no commensurate increase in learning.
In a second study employing a still more highly verbal
program, the increase in instructional time was 75
per cent for the on-terminal group with no significant
difference in learning when compared to the off-
terminal group. The largest portion of this time decie-
ment is undoubtedly due to the slow type-out rate of
the typewriter (approximately 120 words per minute)



which is substant;ally slower than the normal read-
ing speed of the, typical high school or college student.

In an area cf research where variatic:is in instruc-
tion typically produce only small gains in student
achievement, a time loss of 25, per cent represents
a substantial decrement. The tine could be used .to
give students - more practice, instruction on, new
material, or practice or, transfer problems. In addition
.to the gains in student, learning which might accrue
from a more efficient use of instructional time, there
are also economic considerations in the cost of com-
puter time, tie-lines, and ,other "hidden" costs in-
volved in. the preparation, of courses. All other things
being equal; by employing an interface which would

;decrease instructional time by 25 per cent without
reducing the amount learned, four students could be

,

taught fOr every three taught by means of a type-
writer interface.,

From the ,college student's point of view, learning
at a typewriter terminal, is not self-paced instruction
since he must slow down his normal rate of work.
Pacing instruction below a student's optimal rate
Could produce boredom, negativism, and avoidance

CAI as an aid to learning. This is not an uncommon
finding when the pace of classroom instruction by the
lecture method is top slow for the brighter ,students.
The advent, of the cathoele ray, tube display device
should speed up ,substantially the display of verbal
information to students.

The results obtained, with the typewriter interface
at Penn State are not cansistent with the results re-
ported in, severs.' other studies. Grubb and Selfridge'°
compared the performance of college students taught
descriptive statistics, v'a. CAI, conventional lectures,
and programmed text., Those students taught via
CAI took one-tenth, as tong and achieved twice as
well on the final posttest as did the. other two groups!
These results are so spectacular that they ,clemand
replication by other investigators. Scluirdak6 found
that students who ?earned Fortran programming via
CAI saved 10 per cent in instructional time, and
performed 10 per cent better than students using a
standard' text Or a programmed text. These somewhat
More modest result's conform more to expectations
than the phenoMenal results reported by Grubb and
Selfridge,

The nature of the subject matter is also an important
'determiner of the response processing requirements
of cia, interface; device. Relatively simple drill pro-
grams may ,not require very extensive response pro
cessing since most student responses are of the short
answer .variety. College-level tutorial and problem-

. simulation Programs will ordinarily require a CAI
system with partial-answer processing capability.

Partial answer processing refers to the capability
of the computer to search a student's response for the
essential elements of the correct answer; to disregard
minor character mismatches, spelling, and typing
errors, to regard or disregard word order in a stu-
dent's response depending on the nature of the prob-
lem; etc. In one preliminary study, Wodtke'2 ex-
amined the relationship between student performance
in a CM mathematics course, and the number of
times a student entered, a correct answer at the ter-
Mina] which was regarded as incorrect by the com-
puter because of a, minor character mismatch. The
con-elation between student achievement in the
course, and the number of mismatched correct
answers was,-.801 Thus, it is quite clear that inade-
quac;es in the computer's ability to detect correct
answers seriously interferes with student learning.
It should be noted that detection of correct responses
is not solely an interface problem, but is also a soft-
ware problem. The partial answer processing capa-
bility in, the IBM Ci.1 system is provided in the
Coursfwriter author language,

Learner characteristics
The second class et variables which must be con-

sidered in the design of an effective student-subject
matter interface are individual differences among
the students. , The effects of some individual differ-
ence 4, variables on, the interface are obvious, for
example, different interface capabilitiei are required
for young children as compared to college students or
adults. Whereas Auditory stimulus display capability
may be "supplementary" at the adult level, it is ab-
solutely essential in instruction with very young
children who are still nonreaders. Auditory communi-
cation would be the primary means of communi-
cation with nonreading youngsters. Glaser, Ramage,
dad Lipson' point out that auditory response detection
would also, be an essential requirement for an inter-
face in teaching young students some aspects of math-
ematics, reading, and science. For example, in re-
viewing an elementary reading curriculum, Glaser
and his associates point out that the student must
acquire the following competencies involving an
oral response: (1) In learning sound-symbol corre-
spondence, the student is asked to pronounce the
sounds of individual letters when written n the
board or to circle or write the appropriate letter when
its sound is presented, and (2) At all stages the student
is asked to read aloud stories using the words he has
learned. It is probable that some instructional ftinc-
tions such as oral reading which require oral response
detection will have to be delegated to the teacher,
with cm incorporating, those functions which are
feasible within the present technology.



Object manipulation is likely to be another important
instructional experience for very young pupils, and

for older students in some subject Matteis such as
science.. According to Piagers'3, stage theory of hu-
man development, children pass through several

stages of development. Early developmental stages

are characterized by sensorimotor development and

the manipulation of concrete objects. Later stages are

characterized by the ability, to operate, in more ab-
stract terms. According to this view, the manipulation

of concrete objects would be an indispensable part

of instruction for elementary school children.
Although there, may be mechanical methods for

providing experience in the manipulation of con-

crete objects (Glaser, Ramage, and Lipson' have
described an electronic manipulation board which
would be capable of detecting the identity and place-

ment of objects located, on its surface), within the
preSent stage of technology, it would seem more
efficient to delegate this function to the teacher.

The CAI interface must provide a maximum of

flexibility in adapting display and ,response modes
to differences in student aptitude and paSt achieVe-

med. An author should have the capability Of'SPeed-

ing up or slowing down the flow of inforination to :a

student depending on the student's aptitude or prog-

ress throUgh the course. The variation in the rate
of presentation of instruction requireS a time4mt
feature (now available on most CAI systems) whiCh

enables the author to regain control of the terminal

in the case of a student whose responSe' latencies

are excessively long. Without this terminal control,

it is difficult for an author working through his com-

puter program to alter the pace of instruction.

The need for the interface to provide graphics and

.auditory display, capabilities also depends on the
past, experiences and backgrounds of the students.

The typical college undergraduate has high verbal

ability._ CAI for college students can rely heavily

on communication, by Means of verbal material dis-

played via a typeWriter or cathode ray tube.' Flow-

ever, if one considers ,instruction for culturally dis-

adVantaged students or student's in vocational and

teChnical education. programs, 'much more reliance
must:. be placed on relativelY nonverbal media of

instruction. Such students'will probably require more

graphic displays in the form of pictures; diagrams,
and drawings depicting the concepts of the course.
These, ,students may have difficulty thinking in ab-

stract verbal terms and may require much more actual

maniptilation of the objects of instruction. In addition,

the relativelY nonverbal student might show consider-

able improvement in learning when verbal instruction

is supplemented with auditory communication. The
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problem of how to' communicate concepts to learners

who are handicapped in verbal communication skills

is an important problem for reseal 4h with direct

'implications, for the design of CM display deVites.

One , , learner characteriitia' which has important
implications for the determination of the approPriate

"mix" between computer- mediated and teacher-
mediated 'instruction is the student's need for affec-

tion, nurturanCe and irdrio nal contact with a teacher.

This variable would be particularly' impOrtant dur-

ing. the early stages ,of learning with young 'children.

It is Well knOwn that, chadren vary considerably in

their need' for affection and contact, with a teacher.

The need seems to be partiCularly 'acute 'in less Ma-

ture youngsters when 'they are initially confronted

with, the complexities of a difficult' learning' task.

Increased, teacher support and nurthrance may be

required during the early, stages' Of the development

of a complex skillsuch' as learning to read. Children

should be: tested prior to' instruction so that some

decision can be made concerning their need for sup-

port and contact with a teacher.- The instructional
system, must ,then -provide the additional personal

contact recniired, by a given child.

, The ,branching and decision- making` capabilities

of the computer, are sthe most unique and 'potentially

important characteristios'' of a CAI system. To the

writer's knowledge; all_ current systeMs provide

the ability: to 'store information' concerning the

student's learning history, and the' ability to make
decisions to branCh the : student to instructional

material which is appropriately :suited to 'the partic-

ular learning history. The decisioh-making capa-
bility of most .CAI systems is One_technolOgiCal capa-

bility which far exceeds our, present knowledge of

the process of learningand instruction'. Unfortunately,
psychologists are hard put..to', know' which charac-

teristics:of the learner (imMediate yeiponse history,

pattern of aptitudes; response.,_ ,latencieS, 'etc.) 'are

optimum for branching decisions,' and until we dis-

cover. the instructional' experienpes which are Optimal

for a student with a particular learning history, the

full power of, CAI for indiVidualizipg instruction will

not be realized.
Characteristics of 4-hr instructional process,,

The nature of the instructional process must also
be considered in the design of a student-subject matter
interface. It will not be possible in the preSent paper
to consider all of the instructional ,variables which

may effect the efficiency of an interface; however,
some of the variables which may have special rele-

vance to interface design will be considered.
It is a commonly accepted principle in all theories

of learning, that there must be contiguity of stimulus
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and response for learning to occur. In common par-
lance, the principle of contiguity simply mean* that
.01 order for a response to become associated with a
stimulus, the response must occur either implicitly

or explicitly in the preience of the stimulus. If a
Student is to learn the English equivalent of a Ger-

man word, he must reproduce the English word
(explicitly or implicitly) while attending to the

German word. Hence, attention to the stimulus word

or instructional display is a critical factor in instruc-

tion. 7t is therefore important ,to determine the
'characteristics of displays which 'produce a high de-
gree of attention on the part of students. Perhaps
the most relevant research on this question- has peen

conducted by Berlyne.14 Berlyne found that attention

to a stiMulus 2k:i heightened by the element of Sur-

prise, change, or novelty of the stimuluS. When the

same stimuli arc presented in the same format over
repeated presentations, attention to the task wanes,
and motivation, declines, The effects of rgovelty on
behavior can be observed in any student working at

a CAI terminal for the first time. The novelty ofwork-

ing with a machine which "talks back" has high at-
tention holding value, at least during the early stages

of instruction. The interface Must be, capable of pro -

viding enough .variety of stimulation and novelty to
sustain attention over., an extended period ,of time.

An interface which because of limited display and

response processing capability provides for only
very simple display, 3.1id short answer response
formats _such as the multiple choice frame will soon
lose'interest for the learner.

Travcrs" and his colleagues have recently con-

ducted an extensive review and -research on various

aspects of atidiovishal information transmission.
Travers' studifts and those of Glaser, Ramage and
Lipson' must be considered among the priniary ref-
erence° in the field interface design. Travers has
re-examined the traditional' view that the primary
advantage of anclioVisual presentations' is in' the
realism they provide. Contrary to this traditional
view Travers argues that increased' realism may
actually interfere, with learniK, by- providing too

many irrelevant cues,fthtts, a simple line drawing may

be more effective in communicating essential con-
cepts to learners than a more realistic picture. Travers

conegudes:

First, the evidence points to 'the conclusion
that simplification results in improved learning.

'This seems to be generally true regardless of the

nature of the presentationwhether it is pictorial

or verbal. This raises interesting problems, for
. the simeification of audiovisual materials is that

they provide a degree of pictorial content will

generally result in a less realistic presentation

than a presentation which is close to the life situa-

tion. The argument which is commonly given in

favor of realism which other procedures do not.

The realism provided may not be entirely an ad-

vantage and may interfere with the transmittal
of information. The problem of simplifying realis-
tic situations so that the situations retain informa-

tion essential for permitting the learner to re-
spond effectively at some later time to other real-

istic situations, is an important oners (pp.2.1 l 0-

2.114

The limited capacity of a cathode ray 'tube for
displaying a high degree of realism may hot be such a

deficiency after all.
A more recent experiment suggests that the above

generalization may have to be qualified in several

respects. Although simplified displays may facili-
tate transmission of information they do not appear
to facaitate transfer or application of what has been
learned as well as more realistic displays. Overing

and Travers" found that students who were taught

the principle of refraction of light in water by means

of realistic demonstrations were better able to apply
the principle in attempting to hit an underwater target
than students who were taught by means 'of simpli-

fied line drawings. This study suggests that the
primary advantage of realistic disp!ays may be in
helping the student to apply what he has learned later

on in realistic problem solving situations.

Travers" and Van Mondfrans and Travers'7 have
also conducted research on the relative efficiency
of information transmission through the auditory
or visual senses, or some combination of the two
senses. In general, their results suggest that in-
struction involving the Visnal modality is suNrior

to auditory instruction when the auditory presentation

produces some ambiguity in the information trans-
mitted. Thus, the auditory modality was distinctly
inferior to all other modality combinations in the

learning of a list .of nonsense syllables, but no differ-

ences between modalities were obtained when meen-
ingful materials were learned. The auditory trans-
mission of a nonsense term produces considerably

more ambiguity of interpretation than the auditory

transmission of a Meaningful word. These results
suggest that the use of the visual' modality will be

particularly effective when the task is to learn new
associations such as in learning a foreign language.

Another relevant consideration in interface design

is the ,capacity of the human being for 'processing
information. Travers" favors a single channel theory

of information processing. According to this view,



the human recei" pblc of precessing intbr-
z!ation tJugl only nc, sensory chancl t a time,
a!t!iovh th Theory po$ulatc, .. api switching
:me(1a15!fl .tiugh kh the rcccivç can switch

mne;am,cl, to another Accordingly, it is
ussibJcL svcdoa,i the huzian mformation processing

syatem by s gmssigesthroh nIukiplc,scnsory
ciaie1a, simultaneously. Th&, çonditirt might

,rc4t in aos , info oprceisçd by the
multi-media CA! inte-facç inii4 b apableof keep-
ing tç, uul4plç ,rnodaitics distinq. This pblem iS

also of concern to the CA! ourse, author who in
rez$ dPhiC,RL aiditory dispkys must give

$*ci!iio totne in rinaton limations

::
Another stream of usearch in psychology has been

;ocerne4 with. the. problem 'of imitation or ob-

-sevatnal'. .Iearning Sandura and Waltei have
4emonstrazed ihat much learni4g.resul*s 'from the
chfld's observation of the behviorot per or adult
rnode}s.. Undoucdly,much classrnona learning re-
:SultS fromthe. sflidents' observtio and -imitation

-:of. the :i*hayjot of other students a$ tbe teacher
;'who'erveas effective models. BuduraandWaltcrs

have ralso. demonstrated thz observational -learning
occurs asatyiftornfdmme tedinodeJs as from
live model& 'These results strongly' suggest' that an
eft'ectivc instruCtional : environment .huukI.i provide
opportunities. for sWdentsxo obseryean imitate the
performance of mo4els To pmvide adequate op-

iportunitiés fork:in,ftative Iearning. a CAl interfiice
wouMhaveto provide'avideft tape, closed circuit
television, or fllm'' projectioki capability. Provisions

'for observational learning, would seem to 1e most
valuable"in science .'1nstruction In learning to use

-. various pieces' of scientific apparatus or measuring
instruments, :the.. student could watch a 'vdco taped

'deisiraton' by. the teacter .and -then"practic"
the teacher's behavr. Ideally, stth a sys-

.tCi honid have. apiaybakfeature so that átudents
who .equire more than one demonstration 'a' have
the demonstration repeated. Slow motion an' stop

tion wc.uld akó be',of value in breaking down the
components of a complex demonstration so that the
'student can observ the subtleties of the perfor-
iiance. ,: , 1.:c ''

Another important aspect cf the instructional pro-
cess is that of gtiidance or prompting of the desired
response. ,Te.4ncrfac ,rnuste ci.pable oQ prividing
bins,orcucs, to, the stuçlent hnaa.nusally long
respouss latency mndhats that tbe sudet is con-

or .,when the tudnt iiakçs 'aaover. error.
Hints mny nsksL of iiglighting the corre'i rc
sponse in a diay by incresing its brightness 'or
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size ftlative to the other words in the display. IBM';
CqMrr.s',iIer provides a fc dback (mnç2bn which en-
ables an author. to p1uvdccus in the fornofsoni d
th lqtter in the correct response Thus, a slu4nit
who was unable lo garic the capital city of New York
State cQuI4 l?c, prmpted . with the display: A).

f the student is still unable to produce the currect
icsponsc after the firnt prompt, be could be give:i
still more nfor!!atk)!i in the secd prnpt, u'ta a.
A-bny. Ix addiLin to the guidaace pnrnided by
prompting, it 's also essential ihat the system pro-
vde for the gradual withdrawal of guidance or 'the
"fading, of prompts." A prompt should be gradually
.climiimated. ovct a sezies of practice triala as tbe

student becomes mOre certain of the correctrCsponme.
Finally, the. intenface should be capable of pm'. ding

various'Iorms of positive. teinforcemeñt or "rewards"
'to studeflt astbeypogress through' the course.

einforccanent may.oftea tike'theformn of information
- to the student concenipg his prpgess through the
'program. Re1nfoicement ha, tii' dCect of sustaining
-motivaion and onsequently performance on instruc-
tiona tasks. Perhaps' the' most potentially power-

lsourceof reinfokcemen In CAlls the 'degree of

contro' which the studen! can exercise over the

course of instruction, the e?ztcnt to which the student
'can select his own meiiu of instruction,, a*d'tbe ztcnt

to which the student can query tbeomputr for in-
formation. Recent research on pi-obbmn simulation and

economic games progra'nmed fcr computer presenta-

tiOn (FeUrzeig1 and Ving) suggest- that inStruction
- involving cOnversational interaction and inquiry are

highly reinforcing to. studeis.' Akhough these in-

'teractive programs place no unusual dMwnds oi the

stimulus dIsplay requirements of the' interface, they

:do' extend considei:ably the requirement,for respoflse

cessjng!,he interfac must be capable or-accept-

ing rather lengthy verbal inputs, and,' the ,compiter
rnut ,tie able to detect ky words in a wide varieW

ofve,ba1resnonses. '." " - )' -'

instructional oDjectives

1nstnctiOnal, objectives play an, important r& in

determining the interface characteristsc requir' in

instruction I is no great surrnsc. that one of the

most succèsful', early CAl prcjects involved, in-

struction in arithmetu drill (Suppes, Jerman, rnd

'Gróen'). Arithi'etic &ill pmvidés 'a rlativey 'de-

hunted class of instructional stimuli and responses

Thà 'prèsñtatioii ot arithmetié pi bleins 'i 'the in-

erf4çe presents,. few, serious display probks, and

the r'sj,onses a'e uch that little complex rest nse

pcessing is requireà As Suppes has demonstrated,

ePementry arithmetic kills can be easily taught by

a relatively 'simple télétype interface, which pro-

-- LtW i ,. .,,. - ----'-
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vides an important adjunct to regular classroom
instruction. As one begins to include other instruc-
tional objectives such as diagnosis, remediation,
application, transfer, problem solving skill, atti-
tude formation and change, etc., one findS that the
interface facilities must be broadened consid.gably
to provide the enriched variety of expericaces needed
to accomplish these objectives.

SUMMARY
The primary purpose of this paper was to illustrate
the effects of different subjects, different students,
different learning objectiVes, and instructional pro-

, cesses on the functional requirements of the student-
, subject matter interface. Although there is much
diversity in the experiences which an instructional
environment must provide to students, these ex-
periences also have much in common. The question
arises as to whether a single general purpose in-
structional interface can be developed to teach' a wide
variety of different subject areas. Glaser, Ramage,
and Lipson have addiosti th*mselves to this
question. In general, there !ems to be some con-
census that the next geiNt ation up-to:fate opera-
tional CAI sySteist Wui have the f011owing capa-
Unties;

.(1) Keyboard for resronse input
(2) Cathode ray tube display with light pen re-

sponse capabLty
(3) Video tape or closed circuit television capa-

bility built into the CRT unit
(4) Random access :may; 'projector with positive

_address (may be unnecessary if the system pro-
vides video; tape capability),

(5) Randoin' access an& communication device
with positive address.

A CAI system with the above capabilities would be
able to provide many of the educational experiences
outlined in Tab:e I,

cii analyzing ncknientary mathematicreading, and
science, Glaser, Ramage, am! Lipson' "have' 'outlined
some of the mkior deficiencies of the general pur-
pose interface. These special, educational functions

rcCinire spei;:ial:inIrpose interrace which
will be feasible only in expedinental 'cAlr systems
in stha near funire., An operation4 initinetion0 sys-
Lem* have to prOOl.1 theSe, expel-knees' through

regular classroom instruction Cir special 'laboratory
Peden*. .

'IvlajOr deficienCies of a ;general purpoie student-
ilbjectamatter interfaCei

.Mathematics Object- manipulation to develop
basic number concepts; the manipulation ofI
three dimensional geometric figures, line draw-

, Mgs, bisection of angles,: drawing perpendic-
.

Wars, etc. as in geometry, The "Rand Tablet"
which is currently operative on some- experi-
mental CAI systemS provides the graphic re-
sponse capability' reqUired for teaching courses
in mathematics, science, and handwriting. The
Rand Tablet allows the student to make line
drawings, graphs, and diagranis Which are
simultaneously displayed on a c;athode ray tube
screen, and evaluated for accuracy by the
computer. The Rand Tablet may be Operational
,in future CAI systems;

(2) ReadingOral response detection for very

young-children.
(3). ScienceThe litnitations of the general purpose

interface in the area of science instruction
depend upon the extent to which actual ex-
periences with scientific phenomena can be
simulated. Will stuflentlearning of scientific
concepts be adequate in simulated laboratory
experiences, or will direct expo-fence with the
actual phenomena be required?..- Although, a
number of investigators are presently engaged
in the-development of simulated science labotk
tory programs for these programs have not
as yet been evaluated.thui, must await an
answer to the question 'of the valtte of simulated.
experiences. 'in science, tine "recent -doe-total.
diss..rtation. completed at Penn State hasSOthe
bearing on the-issue of Simulated,versuajou&
experience with scientific.phenimiena. Brositis,
compared the . learning effects, of .itching
films -of, he anatomy and dissection of the earth-.
worm, crayfish, perch, and frog in, biological
science, with.,the ..experiesice. of having the ,stu-

-dent perform, .the . actual dissections, of the
animals. -Student achievement was Measured, in

terms of achievement of factual. information
of the anatomy. of tlw animals, skill in the pee-.

formance of actual dissections,..-skill inAhe
manipulation of scis4ors,. scalp-el,. forceps; 'and
probes, and. attitude towards science.. The
filmed demonstrmions .were...as. effective as
actual dissection on all measures, except, the
achievement of lactual, information. in .which
the film method. was actually superior 46" the
method involving, actual dissection. This study
suggests th4 filmed demonStrations may be just
as effective as, diret..t experienc,c 'in faeilitating

. learning, of some concepts 'in biological science.

Although' preSent teChnologY., may be inadequate
to accommodate all instructional applications'.Out-
lined in this paper, it is expected that improvements
in,the interface will emerge which Wig closely appiroxis

maw the requirements of many educational' tasks.



The writer's general position is that the inWface
should "ideally" provide as wide a latitude of stimulus
display and response capabilities as possible to ac-
commodate a variety of instructional problems. How-
ever, while we wait for the necessary technology to
emerge much valuable work can be accomplished with
relatively simple interface devices. As we work
with first generation equipment we must be especially
alert to its limitations in planning the objectives of
instruction. Experiences which cannot be adequately
provided via CIA must be provided by other "off-
line" methods, such as textbooks, workbooks, educa-
tional television, laboratories, teacher demonstra-
tions, and maybe even a lecture or two.
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CoiOuter-Assisted Instruction: A Simulated Tutorial approach

Kenneth H. Wodtke
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The purpose of my paper today is to describe a research and development

project in' progress at The Pennsylvania State University. The primary objec-

tive of-this project is to test the feasibility of simulating the tutorial

teaching model 'in providing college-level instruction under the control of 'a

high-speed electronic computer. MY presentation is divided into four parts:

a brief nontechnical description of the hardware involved; an example from

one of our courses illustrating one possible tutorial strategy; examples of

several research problems either presently in progress, or planned for the

future which we consider of high priority; and finally, several possible

future Applications of tutorial computer-assisted instruction (hereafter re-

ferrad to as CAI) at the college level.

Description
State, CAI

System

Since, April 1964, faculty members at Penn State have been preparing

courses, or presentation to students via an International Business Machines

7010 _computer system, The Courses involved are modern mathematics, manage-
,

ment_accounting, audiology* and engineering economics, at the college levei;

and technical physics, mathematics, and spelling at the two-year post-high

school technif.al, training Pawl. courses are being prepared by means of a

The research described in this report was supported in part by Bureau

of Research, U.S. Office of Education under the provisions,of Title VII (B)

National Defense Education Act of 1958 as amended.

2Remarks presented at annual meeting of National.Society of College

Teachers. of Education, February 17-18, 1966, Conrad Hilton Hotel, Chicago,

Illinois,
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programming language knows as Coursewriter developed by IBM computer scien-

tists at the Thomas J. Watson Research Center, Yorktown Heights,' New stork,

The Coursewriter language enables an initruCter, with a minimum of special

traintngl to develop ,a_CAI course ,including questions, problems, assignments,

correct, answers, incorrect answers, provisions :far;unanticipaW,answers,

knowledge :of results v an4 1),'anOles, or ,alterations in the :instructional sequence.

By means of_ additionaL4pecia1 codes, the instructor can program the, computer

to present, sli des, or tape recorded, material at the student's te rmi nal and

can request, Rani al iranswer processipg of Student answers. This la',4e,r _opera-

tion, permits &student, to give answers several, words in length anOin4ructs

the computer to ignore trivial characters such as commas*, Peri 0d15,* Oace4*

di fferencis,in,word- orders, and, 0 sspel 1 i ng i f desired, :The, compter auto-

matically records An4,,stoms. alt student re5nonse§orrnii.5,* and response

times. The instructor can later obtain a, p ptrout,andstati stj cat analysiS,,

of these data by means of special instruction known as Student Records.

Course material is stored on magnetic discs to wniCh the `cOMpUter haS

selective access to any part with an access- ti rye of ieSt than one 'second o A

=,!

course is presented to students via an 'IBM 1'050 communications sySteitt Whi ch

includes a modified IBM electric typeWriter, a random access sl5i de projector,

and a tape ,recorder. tnf'Orm questfons, or problems can b6" 'preiented'to

the student eitherthrough typewriter type-mit, ilides,'Or'
4 ,l 4

In responding to,a question 6r-probt6M; the' Sfudent simply types hii ant-ger'.

on the, typewri and, it to the central computer by pressing a button.
, . ..,.

. , .
. ..

The computer then eviiiiateS the response iv i comparing it with pre- stored

criteria for correct answers, and provides immediate knowledge of results to
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the student, The student terminals are located on the Penn State campus. Two

main computers are in current use, one located on the Penn State tempo and the

alter at Yorktown Heights, New 'fork. Transmission of information between the

student and the computer takes place over voice-grade telephone lines by means

of teleprocessing.

one example of a ;,CRI, to on al prograt :-

Before developing an instructional pregrarit 14Sed On the tutorial teaching

model, it is fair to ask to what extent -cid ive

Can we identify the relevant characteristics of such a teaching model? What

the most effective tutorial "strategies?" The sad 'fact Is that very little

is known about the iiropekles of effktiVe tutorioi instruction. 'What littlee`

research accomplished on the' complex probletti'Of.'effective-instruttion ,has,been

Conducte4 classroOm or group ietting't; Ille,frankbi 'admit an eclectic ap-
,

proach in our early course Aevel opmeht Afro CAT at Penn "State. :However, it is

our hope that through experimentation with a, variety of strategies,' different

subject Matters, and different 'studenti,'.'we `tan evititilaIly 'identify-the. tacit

approptiateinstruCtiOnal strategy for a given -student -in';'a:gilien-SUbject

matter. -Our hypotheses with -regatd to effatiVe tutorial inttrUction includes

some Ofihe ollowirig general characteri tits.

1) The tutorial system must"be highliflexibIe in adapting to the'

ties, 1,1iitere'tt, ihdlearntni rite: (it tije'i4udent...

-2)' The 'system must have tie capabi i ity of evaluating'' Student responses

afld'stoiing-ItOotioatiOn concerning the nature'of these 'reipOnses- for Use in

making decisions concerning the sequence. of instruction.



3) The instructional system must be capable of providing immediate feed-

back to the student concerning the adequacy of his responses.

4) The system should utilize a multi-media approach to instruction.

5) The system should be capable of providing students with the options

to deterimine their own course of instruction. StUdents should be required to
..;..

take some responsibility in deciding how they are to proceed through the

course, and when they have reached adequate levels of achievement in the subs,

ject matter, The student should not be a passive participant, _subject- to the

whims of the computer program*but,should .take an active ,part ;instructional.

decisions: .

6) The instructional system should be capable of ,prpviding-variety, In :the

form of variations the ,media, of::communi,c0i0,11, variations in questions,

problems:, and:the2.-kinds,;of,,msponses,a,student,,can

_
-Although the .is rnot, meant to be exhaustive, it does i11:usrate

some of the opharacteristio.--we believe to be, important in, _a good tutorial, CAI

program. ';-.

One of our,,experiment4.,cogrses;which seems to vincorparate a number of

the characteristics hypothesized to be important in tutorial, in is

Speech ,Pathology and Audiplqgt_developeol by Professor Bruce 144Siegeiithaier,

and Mr. Jeffrey Katzer. IL t part ofthis course. provides i,nstructionon

the anatomy of the .;ear. A flatf.chart:illustrapng. the instructiona), strategy

of the course is shown in Figure 1.1 Those of you who _areinterestedin a

live--demonstration-:of,;,this,cOurse-shoul0-P0e
that on-line :d0onstrOions.-,:are

being givekherehikOicago,4t,the,Pick4onOessHotel
pirough,non,Saturday,

February 19.



Accompanying the flow chart is a key Wet explzinz the- various seqUen;

Mal steps in the course- ( see Figure 1) .. The. course consists of three in-

structional blocks on the outer, middle, and inner ear, and one test

The course sequence is almost identical._ in each of the instructional blocks.

The student signs on at the terminal by typing the Word "start" (box '1) and

then progresses to boxes 2 and 3 representing an introduction to the course

and an overview of the,material on, the outer. earl Following the overview,

the student comes to box-4 representing the first. option of the, program and-

.he is asked, "Do you want to,skip the outer ear?" If the student answers

"yes" he is moved directly to box 10 representing the first step..of the middle

ear -subprogram. If the Students chooses to complete instruction on the outer

ear at 'this time, he types.-"rits11 and goes to box 5,, the instruction on the

outer ear. A sample of the dialogue' between a student and the compter for

the outer ear subprogram is shown in,the main ,body of this report on page

Upon completion of instruction on the .outer ear, the student. encounters

another .decision in box, -S. This time, however; the ,decision, is not student

option, but.,a decision of the ,programmer to examine the student's ,performance

on'the material just completed. The ,computer examines the record of ,errors

for the student, and if 33 ,per, cent or more of his :responses on the, outer ear

program were he is_ branched to _remedial material, represented ,by box

7. 'If the'student made fewer than,33 -per cent errors on the outer ear, pro-

gram he is sent, to box 8 where he is given the option to.cover the material

on-the-outer ear a second time.. .Box 9 is .a _decision box, required by the

program to-determine whether the student has 'already been tested on the

material covered in the outer ear program.'
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The-sequential decision .strategy is essentially the same for the. middle

and inaer ear' blocks with one interesting new twist, :Before the' student' is

given the option _to skip the middle ear, block in box. 13, the program checks

his performance on the previous block Again: in boxy _11,,' If the student's: per..

formance' Was.,not` Up o par (fewer, than. 33 per cent errors) he is not given

the option to skip the -second major' block:. of Instructions ',but he 'is- sent

di rectly- to.Jyax- 14 reOresPnting
instruction, on the' middle ear. Thus' -hy !Mans,

of this strategy*:a studeatis, given- the-..option to. skip -material only when

his previous_, achievement has met satisfactory 'standards..

'''Having,been- sequenced. through _the- three, instructional blocks-, the student

go-Arrives the test block at box 26., In box. 269%, the Computer ,checks

memory to' -determine whether the student-skipped the' outer- ear block.,, -,If the

student skipped the outer ears he goes' to: box.,27 and is
'tested, on the.

ear. Bok 28 determines 'whether, this test .performance: was, adequate. If-X33 per,

cent or More-of-his' responses are errors, he is: automatically :btanched, back!.

to, bOx::$ for instruction on the outer varti.- 'In such a cases it ;is _assumed,

that the'-student :misjudged the extent of his knowledge In 'exercising his 009.-

inaT Opt n to skip the material on the outer ear; however s the :checks built.,

into the program did :not allow 'him to -slip through with insufficient undery -j

standing Of theinateriat. -A- similar decision is-made for each block of:in..

struction skipped. 'Thar student is tested on , the material, he 'skipped When

hiS 'performance is- inadequate* he: -is branched back -for the necessary In.;

struction. ,:.-After the student _has either received instruction or been- tested

on each block of material* he .arrives at block .number 38 where he is per-

mitted to type any questions he may have about the course. These questions
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can later be obtained by the instructor when he requests Student Records for

his course.

Obviously there are many different instructional strategies an instructor

could have used in programming this material. Although we consider flexibility

in instructional strategies an advantage of CAI, the researcher interested

in discovering optimal strategies for different subject matters and different

students is obvitiusly raced with a ttitribly wimpltx rezearth progem, Ile tope

to develop through our research program a set of experimental programs which

illustrate optimal instructionaIfstrategies for different subject matters, and

for student groups varying in ability, interest, and past achievement.

Problems for Research in Computer-Assisted Instruction

I will mention briefly two research areas which we regard as high priority

areas for research on CAI. First, we are concerned with the effects of computer-

assisted instruction on student motivation over long periods of time. Prelim-

inary groups of students have reported high levels of motivation and interest,

however, it is not surprising that a new and novel, instructional tool produces

such positive reactions. How *111 students react after the novelty wears off?

Related to the question of student motivation is the often reported ob.

servation of researchers working with CAI, that students will work at the ter-

minal for very long periods of time without interruption. Other investigators

have referred to this apparent phenomenon as the "pin-ball machine" effect.

We are presently conducting an investigation to determine the extent of this

effect on student attention to the learning task, and on student achievements
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Another Tiestion which may be considered under the general heading of

student motivation concerns the ways in which simulated tutorial CAI differs

from "live" teacher /pupi l tutorial instruction. What educational objectives

can or cannot be achieved by means of computer-assisted instruction? One

study is planned to compare the motivating, effects of feedback administered

solely by the.computers with feedback administered by pie student's Mn

Leacher in taw-to-f4ce,i4erdction. Pre4minary endence s!Aggests that, the

effects of the teacher's presence may depend, on other student personalitr

variables, Some students report that they like the relative isolation,of

working at the impersonal,terminals while others say that they miss opportu-

nities for interaction with an instructor.

A second major area of research has to do with the problem of adapting

instruction to individual differences in learners. Is it possible to bring

a greater numbe'r of students to a satisaCtory level of achievement by

providing the highly individualized instruction 'which' is possible'with CAI?

4

One of our projects at Penn State involves experimentation'with,CAI in tech.

nical training programs. This student population typically tends to score

r '

somewhat lacer in verbal aptitude than the average college student. In

spite of wide Variationi ia, the verbal abilities' of differenestudent groups,

our traditional methods of instructiOn'siiii rely heaVilY'on'verbaT'or-Written

communication. tyPiCai college instructor has high verbal 'fluency -in his

area of specializations and may often make the 'eleor of assuming that his

students can understand his communications. We propose to develop course

samples for.CAI which attempt to minimize the language load for students of

law verbal ability. Such a course might rely heavily on slides and tape
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recorded communication, An attempt would be made in preparing the instruct-

ional frames to avoid long, complex constructions, and high word difficulty

levels. One of the most challenging problems in CAI is the design of in-

structional programs which adjust instruction to an entire profile of student

aptitudes.' The medium of instruction should be selected so as to avoid a

learner's weaknesses and capitalize on his strenaths.

Applications of ,Instruction at

Although opinions of researchers in the area differ considerably as to

the role which CAI should take, in the overall educational process, the general

consensus at the Penn State Laboratory is that CAI might eventually be used as

a supplement to regular classroom instruction. In particular we believe that

CAI will find its most useful early applications in providing special forms of

instruction to special, subgroups of students. For example, college students

on academic probation might be given supplementary remedial instruction via CAI

in addition to their regular in-class instruction. In a similar manner

supplementary enrichment programs might be developed for the highly able

student who is frequently forced to mark" time in the traditional classroom

setting. We are currcntly conducting an investigation of the achievement of

four such groups of college students in CAI. Two groups of students currently

on academic probation at Penn State but which differ in level of aptitude, one

group scoring high and the other low on the ScholasIisLptude Test have been

locatect. Two other groups currently on the Deam's list for outstanding aca-

demic achievement, but differing in items of high and low aptitude have also

been located, The hope is that we can lessen the gap in the achievement of
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these groupe by the systematic individualized instruction provided by MI.

It is also corceivable that CAI will find useful applications in de-

veloping skills for high school drop.outs* retraining the unemployed*

providing umplementary remittal instrortioe inr basic skills -for the culturally

deprived* and,in providing in-service training for various professional

groups such as teachers* nurses* engineers* etc,

As you can see, those of us working in this area believe that the computer-

has great potential for accomplishing a varie4 of eduCatioing objectivii.

In $'a long run, the extent to which this potential it realized will depend

on the ingenuity of the instructional programmer& and the ability of ths re.

searcher to provide answers to complex questions concerning the lyttematic

design of instruction.



xo

r

357

or whether there are properties unique to ,computer-dssisteci instruction which

facilitate -retention. For exaiwple, some writers have ta4ed about what they

.call the spin-ball machine" effect in computer-assisted 4nstructiopi. This

phenomenon refers to the apparent tend ncy ofeomput.errassisted instruction to

facilitate high levels of attention to the instructional materials for long

eriods of time. These 4ffects may be :due to the novelty of the_.in,structiOnal_

method and,may-wear off after, some Vim. However, the high attention to the

task may be longlastiing resulting from certain properties of tutorial interaction

which find highly:reinforcing. ,Unfortunat0y, the tutorial process

has. not been. extensively studied, in. educational research, however; the hypothesis

that tutorial interaction facilitates attention and student motivation resulting

iMproved retention, would. seem tenable.-

An 'alternative .hypothesis, is that the rate of forgetting.,depends almost

entlrely-An l imi is in.thi information, storage apaci.Oes, of the learner, and not

to Ant great, extent, on the nature of .Instructional stimulus or Its mode of

presentation. .
might, predict, that raising the mint learned 'in the,

,second, treatment, group.:of. Figure, 4.: by providing additional initruetional time

lould increase,the..rate-of ,forgetting, so that tne perfortnance curve would become

more like that-of. iroup one. The old maxim "The pre yo havelearne0, the more

you can lorgeV:atayroperate here. However, most experiment4) research suggests

that phenomena -such ,as _rate of forgetting and .transfer depend on *tors _both

In the learnees storage capacity _and in the learning task. questions ,such-as

this can only 4e answered through research,. The investigation of instructional

methods which may produce decreases.in the rate of forgetting, in addition to

producifig, itureases in the overall level of performance, should be given muck more

attention by educational research workers.

!""!'",. !!""t"7"..`!"-rt7..^"":"`"77.,"="""1"."^^....-_,. ""*7"..""tr._7'",:t"'
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ome procedures for controlling the amount learned
in the study of 'retention, ,--

Mint experimental control of the amotha learned. A number of procedures

may be appropriate to control the effects of' the amount learned 'while examining

retention effects. Undanqood. (1964) has suggested a two stage experime4al,

procedure in which treatment groupi are brought to the same level:+of

and the_ n tested for retentin4 after some time interval. Although this procedure

seems feasible in eXperiments using laboratory tasks, it is often impossible. to

.bring student's' to a common criterion performance on complex educational tasks

Furthermore, bringing subjects to a common criterion means allowing some students

more trials or more time at the task,- thus, confounding` the effects of the triat-

meht with time spent at' the task.-

Restated measures analys is._ The -analysis of retention data 'Can; be .vieited

-,as a problem Of:Comparing the rates of forgetting curves, A repeated measure:'

analysis' prDiric!e ,evidence'concerning the- oVeisall' effects Of the e>_),ericiental-'

treatmenti;, and I n aciditi:on, *Vides tests for the diffirences in. slopes of the

forgetting ,curves obtained from the successive posttest measures. Excellent

descriptions of repeated measures designs beim been given elsewhere (Winer%

1962; Grant, 1965), Only a brief description of the application of the design',

and analysis to the study of retention effects Zvi l 1 be given here

The peated measures deign which seems most appropriate for the study

of differenCal rates of 'forgetting is a ,wo-way factorial design with repeated

imasurt-,4 on one Ilerii*tal factor (see Figure 5), Factor -A ,Would consist,of

two or more experimental treatment cOmparisons. Factor B, the repeated measures

factor, would consist 'of two or more Measures of retention over Mg**

staistcally significant overall main effect .F:.,10 Factor A. would, indicate that one

:.,..
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instructional treatment was generally superior to another. t. statistically

significant A X B treatment by retention measures interaction 'would indicate

that the slopes of the retention curves in the treatment groups differed. In

addition,' when the .umber of retention measures is greater than two, a trend

analysis can be performed to *determine the shad, of th. forgetting curves.

Grant (1956) has provided an excellent discussion of the application of trend

analysis in learning experiments involving repeated measurements.

The repeated measures design used for studies of retention may or may

not include a pretest measure of the students' knowledge of the subject matter

to be taught prior to experimental instruction: The decision to use a pretest

will depend on the extent :to which the subjeCt are familiar with the experi-

mental learning material. Winer(1962) describes a repeated measures analysis

of comriance.design)which World be-appropriate for a study in which a pretest

,

was administered in 'addition to repeated measures an one or-more experimental

factors. In this way it would be possible to control thesrelationgiabetween

*Iorknowlellgex the degree of learning, and the rate of_forgetting.

An assumption underlying the use of the repeated measures analysis of

variance is that of homogeneity of variance and covariance arross all levels of

the repeat4ed measure. Successive measures of performance over time frequently

produce a varianee;CovarianCe matrix of the simplex pattern in which the

variancedecreases in ma4nitude 'f'rom'ihe initial t.r final measurements, and in

which -ibe covariance Of adjacent measures is higher.t6n the covariance -of.

measures widely separated in time. Where such a variance-covariance ma-41x is

observe4,!nifio uhy,case of heterogeneity of variance-covariancet,Cole and

GrizOe (1965) have developed an appropriate multivariate. e-analysiS of variance

for.repeitedneaiurements which does not depend on the usual assumptions.



360

The analysis provides tests for all the, main effects,, interactions, and trend

components provided in the usual repeated measurements procedure.

Change scores. The problem of studying 'retention of forgetting effects

in educational experiments is a special case of the more general probleip-of

measuring behavior change., An investigator interested in retention is concerned

witk the differential "loss" of subject, Mat:ter competency which, can be attribut-

akile to different _experimental treatment.. recognizing the, need to control

the -amount learned, by treatment groups some :investigators; have resorted to
,

simple difference.scores, (e. , g., posttest 1, minus ,posttest 2) to meas1ire loss

over time. Heaver, simple :difference scores *Sent many difficulties and

generally do not ,provi.de-an:adequate measure,of,cbange.,. The ,disadvapaget of

simple ,difference scores have been ,t1;Jroughly ,discussed ,:elsewhere (Bereiter, 1963;

Thorndike, 1965).:! In,general I, simple difference scores are hithly susceptible

to artifacts. ,due to regression ,effects tp, tend to, be much less reliable than

initial or final :Status scores.* and are 1141Y,tO,behighly.affected by less than

ideal metric-propertiei ,such,as.the,lackof an equal interval scale. In' view of

these,. di fficul ties,- and _ the ,,liiht ofmore recent. /*el opipents in the measure
,

ment of change (Mayo. and DuBois, 1963; Lord, 1963)* simple difference scores

would not be recommended as ,a measure of retention or loss due to forgetting.

Newer developments in the measurement of change ,seem to offer promise as

measures of gain or ,loss due to learning or forgetting. Mar, and,Oueois (1963)
. ;

recommend the use of residual .,,scores in the study of *flange, The use of residual

scores, helps solve one of the problems associated witth simple difference scores.

Simple difference scores .have, been found, to correlate negatively with initial

status scores in a number of investigations. As Lorft (1963), points lout* this

negative relationship is sometimes, due to a real relationship between gain and

t,

El

El

IL

El
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initial status (e, g., heavy people are more likely to get lighter; lighter

people -are more likely to gain weight), or sometimes due to an artifact of

errors of measurement. Often an investigator is not interested in the relation-

ship between initial status and gain but between gain and some other variable

with initial status held constant. This is precisely the problem in a $tudY

of retention where one wants to relate the degree of loss to an experimental

treatment .with the amount learned during the treatment period held constant.

Mayo and DuBois (1963) recommend the use of residual posttest scores obtathed

by partialing out the effects of initial status. The procedure is equivalert to

a part-correlation in which residual posttest scores are correlated with.other

variables of interest. 'When a residual gairrscore serves as the dependint

variable in a comparison of experimental treatments the procedure is ,equivalOot

to.an analyiis of covariance. Some slight variations in the two procedures.

might occur as a result of using different Tegressions for obtaining the residual

.

scores. The use of analysis of covariance or residual scores .0 measure loss,,'

over time seem to have application in_ studies of retention.,..floweveri there ore

some cautions in the use. of these procedures to be discussed below under:the

sect on ron analysis of covariance.

itaidaylil.of covariance. One of the most widely used analyses in

studies of change in educational experiments has been the analysis of covariance.

Surprisingly, however, the analysis of covariance has not been widely used in

studies of retention over time. As mentioned above, the analysis of covarianc3

applied in a study of change is almost identical to the use of residual gain

scores. In the retention experiment, the analysis of covariance, provides a

method for ,control ling the amount learned statistical TY.

The application of the analysis of covariance to the study of retention



involves the use of the immediate posttest measure as the covariate and the

delayed posttest as ,a dependent.wiriable, P test for significance of .differences

on the delayed test with differences on the innediate, test held constant can be

obtained. This application of the analysts of covariance differs from the !owl

application in that the covariate,. is administered.after the experimental treat-

ment and may be Affected by the treatment. in the usual analysis of covariance

the covariate is administered prior :toexperimental treatment., The application

of- the =.analysis of covariance, in experiments in, whl.ch, the, covariate, is affected

'by the experimental ,treetssOt has. been discussed in papers by Gourlay (1953),

: Cochran ,(1957),-'and Smith (1957).

The' writer, hai-been able to find only a_few_exaniPles of this use, of the,

analyils.of covariance in the :literature. in.an experimint by Prokasy, Grant,

and filters ( 1958), a. two.'-way classification design was emiiloyed to test the

effects of unconditioned_sOmulus (USC) intensity and...intertrial interval on

the-- extent of eyelid conditioning.. Three.measures of, eyelid conditioning ,were

-obtained, for,acquisition on day 1-_for acquisition ,pn day 2,9 and, for exOnc:,tion.

in the analysii of covariince, day. I acquisition scores were used

covariate for, testing the day 2 measures, and the day ,l and 2 combined acquisition

scores Were used as the covariate' 'for testing the extinction scores.: Only the

effeCtsdue to OSt; intensity herd up in the' covariance 'anatysis. The intertrial

interval and interaction effECti were nonSiOntatant 'following thd, analysis- of

coVirtance:adiustment initicating that the effects of inteetrail intervat' appear

to be aori6iitrated during the- early acqiiisition triali..,

dissertation
. .:

/n ,-,a doctoral, diSsertation reeently, completed at 1)e'riti state's Dwyer (l*), . .

,, . . ,,, , ,

several
'''''

compared the effects,on student learning of several tiarietiet of' 4i seal ' illust-

rations ,as* a supplenient to venial instruction. The treatments 'consisted of
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varyitig in their degree of realtstic,detail. The research design employed was

a single factor, pre-posttest design, with a second posttest adiiiinistered as a,

ten-day retention test. The immediate retention test data were ,analyzed by

means of the analysis, of,,covariance with the.pretestas the..covariatg., This

analysis supported, the conclusion;,that simFler line drawings and stick figures

produced achievement superior to that of slides containing.more, realistic details.

Table I shows the analysis, of the delayed retention :test data. The ,left -hand part

of the table shows the _simple, analysis of ,variance with the delayed retention

measure as the,dependent variable.; The :right -hand part of the table ,shows an

analysis of covariance on the delayed retention measure with the immediate

retention measure,serving., as the covarlate. ,A multiple analySis of _covariance

using both the pretest and the immediate retention measures as. covariates could

also have been used here. . The _resultis, cw a _statistically iignifiCant F-ratitt

for the ahalysis,_of variance dropping ,tononsignificant.ein the analysis of

covariance which adjusts, for group differences in the 'amount learned as measured

by the -immediate posttest. Table, 2 shows the .adjusted means on the immediate and

delayed retention measures, and the..unacljusted delayed retention test means for

the four treatment,groups., The similarity,of the delayed ,posttest means when

adjusted for the effect; of the treatments on ethievement measured, immediately

following instruction, indicaths that the treatments did not appear to clifferen.-

tially, effect the degree, of los.; due to forgetting.

Although the analysis of covariance provides a method for controlling

statistically the amount learned in studies of retention, the procedure is not

free from ambiguity of interpretation. For example, Lord 0965) described a

paradox in which the use of observed gains and residual pins resulted in

contradictory conclusions concerning the comparative growth of two groups on
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some variable. This paradox results when the groups to be compared differ on the

initial status measure. The 'analysis of covariance or residual score method

anticipates regression towards the mean on the second testing. If such movement

towards the, mean does not occur (e, g., if the groups show identical observed

changes from the first to second testings), the adjusted mean difference on the

second measure following analysis of covariance will show a superiority of

gain fcer the initially high group.
The initially high group is, said to have'

shown mare growth than expected in the face of the tendency of the mean of that

group to decrease due to regression, while the initially Jaa group showed less

, _

than the expected amount' of growth. ,
Thus, while the observed change scores

would indicate that the groups did not differ in th4 amount of change, the

analksis of covariance would support the conclusion that "the initially high

group exhibitedLMore gain itanthe initially low-group.

MultiVariate elly.111. The analysis of covariance procedure:described

abo0e is cloSely'relatO to a number of recently developed analytical :m

desigijed for the-analysis of experiments inVolving,seVeral correlated dependent

variables:. The probleM of correlated learning and retention measures is a

special case of the more general problem of correlated dependent variables.

Correlated dependent variables may also arise from the use of measures such as

reading achievement, arithmetic achievement, related achievement or aptitude

subtests, and related personality measures in the same experiment. What

investigator has not intuitively recognized the redundancy-and ambiguity

involved in computing ten or twenty "separate" analyses Of variance on as many

dependent variables which correlate with one another of the Order .50? Some

investigators, in recognizing the problem of correlated dependent variables,

have resorted to factoranalysis 'to reduce the number and redundancy of the
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variables prior to testing hypotheses concerning the effects of experimental

troatments. Recent developments in multivariate methods represent a further

advance in the analysis of correlated dependent variables (Bock, 1963; Roy, 1958;

Cole and Grizile, 1965). In addition, practical applicability of these methods

has been greatly' enhanced by the development of -ccaputer programs to carry out.

the analyses.

One multivariate technique seems Particularly appropriate to the analysis

of the. effects of experimental treatments on retention Measures with the: amount

learned 'held 'ConStant.."-ROr (1958) has deirelOPed :step6dOwn multivariate

analysis laTso described by-Bocko 1963) for use with a series of correlated

dependent 'variables which 'tan' be arranged :in order -On' a pLiativroutids.. the :

a study of learning, and 'retention would seem to

the order'-'itt which the measureS. were 'obtained following ;exper:imintal

treatment.- -Roy describes the "methods' at-,followsv

" The hypOthesiS '-conterning,,the multivariate' ',distribution is

then decomposed into a -number of hypothesesthe first hypothesis

-onteing 'the riarginat:univariate-distribution.oflhe.first,..
variate*, the second hypothesis concerning the conditional, univariate

- di Stri buti OA of -.the sed6nd vari ate the first -,variate , :the

third hypothesis concerning the conditional univariate distribution

Of the-third vartablevgiven the4irst..two variates 6 'and so .on...

(Roy, 1958, p. 1177)

Appjled in an experiment in which a number of successive retention measures are

obtained, the step-dovin analysis should provide an analysis very similar to that

used in the Prokasy, Grant, and Myers experiment described above. The first test

concerns the effects of the experimental treatment on the immediate posttest

for ireasure of the amount learned); the second test concerns the effects of the

treatment on the first delayed retention measure, with the effects of the

immediate posttest partialed out the third test concerns the f.tffects of the

TENOTILOW
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treatment on ne second delayed retention measure with the combined effects of the

immediate posttest and the first delayed retention test partlaled out, etc.

The statistical significance of the second and third tests, and any successive

tests, would indicate that the experimental treatments had differential effects

on long term retention which, were independent of, the amount learned. A computer

program has been developed for this analysis at the Psjchometric Laboratory of the

University of North Carolina, (see Bock, 1963).

Separate Gr jissp.es....imi

One of the difficulties with the successive posttest design discussed

thus far is that the act of taking a pretest, or successive, posttests may,

effect to some extent, a subject's recall of the subject matter* !Jnderwood (1957)

bas shown that a substantial -moot of tiro forgattira obtained in verbal learning

experiments employing ,repeated measures designs results from the proactive

interference of previously learned materials. If the effects, of, retesting were

constar across groups the treatment coMParisons would not be confounded,

however, the absolute amount of forgetting in each grqup would not be free

from the effects o-f repeated testing., if the effects of testing Interacted with
I 1 .

the treatment effect, the retention, comparison would be confounded with this
,

"

interaction.

,
One design which has been used in studies of caimunication and perSUition

.

(Hovland, Janis, and Kelley, 1953) and has seen discussed by Campbell a!id'

Stanley (1963), avoids the use of repeated posttests. This design employs''

separate randomized groups in a two-way factorial set-up in Aid one factor

consists of the experimental treatmcnts, and the other consists of a different

time delay in the administration of the posttest. A treatment by timetelay

interaction indicates the presence of differenilat 1ong4erm retentiion'
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One recent application of this design can be found in a study by Williams and

Levy (1964). CaMpbell and Stanley (1963) point out that, although this design

is comparatively sound, it suffers from, the potential Invalidity Qf effects

due t ,interaetion hetwPeR the treatment and the events occurringduring

retention interval. , ;

Some ploblems associated with existing methods for the gat of retention

:To ,some,extent,pach of, then.10190 fOrStudying, retention cliscus$ed

above ,suffer two major,stlortcomings..common to much ,experimentation in nrcholo9Y

and eaucation: the lack ofequallinterval scales for measuring; 'learning and

retention, and the effects of measurement error in the dependent variable.

Measures of change such as those;.,involved in stucli es , r7f retention over time are

lIkely L. porpcularly,..suswatible,la. tiveeffectkPf, IrrqualiteY.? sCale.

intervals t,. Thorndike (1960, has shown that. results with,4ifferencp scores are

likely -to be ,particularly., distorted by,, inequality, of scale, increments of the

)Einitial and final status Jneasures., Unequal ,scale. units are likely to produce.

variations in difference.scores (or in fmetting "curves" based on tvto posttest

measures) which are.not:attributable to. treatment effects but to, artifacts

of- the scales The possibi lity of Such effects argues for, the, use of, several

successive_ posttest-moasures. to .establish more reljahl*'in tile:forgotti,ng

curves.

Ghiselli (1960- argues that variations in the .equali,ty of scale units
,

are ,prooably, distributed at random, throughout the range of the Scale, in the

case, of most achievement tests., , If this was the case, it, would be highly

improbable- that random differences in the ..equality of. intervals would, be mistaken

for true ,differences. ,in .forgetting. However,. where.. ceiling And ,floor, effects,

exi st -the 1r:equality of-intervals..is: not randomly distributed throughout
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scale and retention data in the form of change scores or curve slopes will most

likely be highly distorted.

As for the problem of the low reliability of measures, it is well known

that measures of behaiior change are typically much less reliable than sirjle''

status scores. Lord (1963) has developed a technique for estimating true

change for individuals_giien the reliability of the pre- and posttest measures.

Essentially a special applicatiOn of the correction for attenuation, Lord's

procedure can be used to obtain a partial correlation between estimated true gain

and a third variable of interest with true initial status held conttant.'ld-

though Lord's procedure is probably not generalizable to the problem of group

comparisons, it would be highly desirable to have an estimate of the proportion

of error variance attributable to measurement error for'the dependent variable in

the typical analysis of variance design. The within variance of an ahalytis'of

variance design has traditionally been said to consist Of two scources of error;

experimental error and measurement error. An appropriate analytical method'should

include a procedure for reducing the within groups variance by an amount attrib-

utable to errors or measurement. The remaining variance would constitute ex

imental error variance. Such a procedure would priwide far more precise tests

of hypotheses concerning the effects of experimental treatments on measured

change. The analysis would provide an estimation of what the results of an

experiment would have been had the measures of the dependent variable (e.g.,

change) been perfectly reliable. If an estimate of the reliability of a OF

pendent variable measure is available in an experiment, there. seems to be no

logical s .anon fdr not utilizing this information when performing hypothesis;

tests of the effects of experimental treatments on that variable. Measurement

errors simply increase the within variance and decreases the sensitivity of the
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experiment to true effects. One of the problems which still remains to be solved

in experimentation on the determinants of behavior change is the development of

ant,analysis which takes into account the presence of ,.errors of meas urement and

removes this component of variance from the estimate of experimental error.

Summary

The purpose of the present paper was to point out certain difficulties in

the intc*oretation of retention data in educational experiments, and to suggest

several established experimental designs which seem appropriate for the study of

retention effects. The essential problem in the study of the effects of experi-

mental treatments on retention over time is that such effects are likely to be

confounded with the effects of the treatments on the degree of learning. This

confounding resulU from the fact that measures of learning or immediate reten-

tion, and measures of delayed retention are usually highly positively correlated.

Several research designs are considered some of which provide tests for differ-

ences in rate of forgetting, and others which provide tests for differences on

delayed retention measures with immediate retention measures held constant. A

focus in educational research on variables on instruction which facilitate

long-term effects such as retention and transfer is advocated.



Footnotes

1
This research was conducted its part of a larger project funded by the U.S.-

Office of Education, under the Vocational Education Act of 1963, Contract No.

OE 5-85-074. The author would like to thank Harold E. Mitzel, William Rabinowitz,

and Lee Dronbach who offered helpful suggestions on a., earlier draft of the

paper.

2
For au excellent discussion of this problem in the context of experiments on

verbal learning see Underwood, B. J., Degree of learning and the measurement of

forgetting. Journal of Verbal. LemilmandVerbal Behavior, 3: 112-129; April,

1964.
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Figure 5

Repeated Measures Design for the

Study of Differential
Retention Effects
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Table 2

Adjusted and Unadjusted Treatment Means on the Immediate

and Delayed Retention Tests*

Treatment

Mean Mean Mean

Immediate Delayed Delayed

Retention Retention Retention

Score Score Score

n (Adjusted) (Unadjusted) (Adjusted)

Oral

Presentation
(Group I) 20 41.00 46.45 53.56

linear
Presentation
(Group II) 23 56.09 61.48 54.80

Drawing
Presentation
(Group III) 24 55.42 56.67 50.60

Photographic
Presentation
(Group IV) 15 37.33 4187 52.33

*W.

*From Dwyer, F. M. Jr. An experimental evaluation of the relative effective-

ness of selected visual illustrations in teaching science concepts to colle4u

freshmen. Unpublished Doctoral Dissertation, Pennsylvania State Universlty,

1965.



Appendix H.7

SOME PRELIMINARY RESULTS ON THE REACTIONS OF -STUDENTS
TO COMPUTER- ASSISTED INSTRUCTION

KENNETH H. WODTKE, HAROLD E. MITZEL, and BOBBY R. BROWN
Penn5ylvania State University

from guiding students through the courses and from
informal interviews with students following their ex-
perience with CAL The results shosld be regarded as
tentative and suggestive of hypotheses for further study
under highly controlled conditions. The 47 student*
were the first pilot group tot, It the CM courses; they
are not a random sample of college students, nor were
they assigned at ,randoin to the four oetissess Free
quently, the students were used to,help: ftleburr the
courses, and problems were encounteredhy the stu4erit
which 'would not ordinarily occur with a finished
course. In addition, these early results are primarily
of a correlational and descriptive nature, with thew-
eornpanying difficultiee of determining the nature and
direction of causation. In spite of the above qualifloa-
dons, there appear to be some meaningful differences
among the scales of the student-reaction inventory and
some clusters of intercorrelatioss match "Make
sense" and support our subjective impressions.

Following the first session of CAI each Student
completed a Student Reaction Inventory consisting of a
number of scales modeled after the Semantic Differen-
tial (Osgood et al., 1957). The extremes of each, scale
are defined by pair,s of bipolar adjecitives:suche as
good-bad, dull-interesting, tense-relaxed, atc.,Thirty-
one students completed the reaction inventory (the first
16 students were taught prior to the development of
this device).

profile- of the mean ratings 'on 12 Attitude
scales was constructed for the total group, and sew.,
arately for each course. An examination of thebigh
points on the profile of student attitudes towards CAI
indicates, that students found the experienpe highlyine
teresting, gocd, fair, valuable, and active, anst that the
students reported being able to give the machine More
attention than a traditional elessroom lectsre.

That students react favorably to,a new and novel
instructional technique such as CAI is reassuring but
not particularly surprising. The low points in thepro-
file of student reactions may be ofgreater imPortance
in peeetins the way to improvements in the instructional
system and toward new instructional strategies. The
three lowest points in tbe profile ,itidioated that the
students reported being relatively tenseesoppoeed to
relaxed, Itialing- the program inflexible, and missing
opportunities for discussion. Fifty-four per cent of the
sample reported being "slightly tense" during the first
session of CAI. We have no decisive data at present to
indicate whether the reported tension hedepositive or
negative effect on student aohlesement and retention., It
appears that some students aresimply highly motivated
to de well in the course; while others get flustered, by
the machinery.

The student ,self-reporte aeon.' to agree with in-
formal observations of students working at the termi-
nal. Some students seem "machine shy" during the
first hour of instruction, and continents such as ` I'm
afraid Pll do something wrong" or "Pm afraid I'll
break the machine" are quite common. Studo.fitensuatly
:sport being more relaxed at the end of the first Ses-
sion of :::13truction. Thece observations have led tta to
consider the need for longer warm-upp,er an introduc7

The purpose of the present paper is threk fold: to
describe briefly the characteristics of a computer-
aseisted instructional system (hereafter referred to as
CAI) in operation at Pennsylvania State University, to
report preliminary evidence on the initial reactions of
a ,group of 47 students to CAI, and to indicate several
questions for future research raised by these initial
student reactions.

Description of the cm System
Faculty members are preparing four courses for

presentation to students via an IBM 1410 computer:
modern mathematics, cost accounting, audiology, and
engineering economics. Courses are prepared by
means of an author language known as Coursewriter
developed by IBM computer scientists at the T. J.
Watson Research Center, Yorktown Heights, N.Y. The
'Coursewriter language enables an author, with a min-
imum of special training, to include questions. prob-
lems, assignments, corroat answers, incorrect an-
swers, provisions for unanticipated answers, knowl-
edge of result;, and branches or alterations in sequence
in hie course., In addition, an author can employ a func-
tion called Student Records which will record and ac-
cumulate in storage all student errors and response
times. Additisinal operations can call for thepresenta-
tion of a slide or taped material at the student's ter-
minal, and for partial answer processing of student
answers. This latter operation permits student an-
swers several words in length and instructs the com-
puter to ignore trivial characters such as commas,
perio4s, spaces, differences in weed order, and mis-
spelling if desired.

The course is stored on a magretic disc to which
the computer has selective access to any part with an
access time of less than one second. The course is
presented to students via an IBM 1050 communica-
tions system which contains a random-access slide
projector and a tape-recorder attachment. The teach-
ing terminal consists of a modified IBM electric type-
writer through which the computer types out course
material to a student seated at the terminal. In an-
swering a question or problem, the student :imply
types his answer at the terminal and relays it to the
central ccesputer, which in turn provides knowledge of
results to the student. The teaching terminal is located
on the Penn, State campus, while the main computer is
located at Yorktown Heights, N.Y. Transmission of in-
fermation between the student and the computer takes
place ever long distance telephone lines by means of
teleprocessing.

Reactions of Students to CAI
Forty-seven students have completed some com-

puter-assisted instruction at Penn. Ante. Of these, 18
have worked in audiology, 21 in cost accenting, 7 in
modern mathematics, and 1 inengineeringeconeseacs.
The results fall into three general categories: (a) mean
student self-reports of reactions to CAL (b) selected
correlations among a number of student variables and
performance in CAL and (c) impressions as obtained
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tion to CAL which would prepare the student for In-
struction.

The report o program 4ifleb11ity to have
resulted frOZ t n3nt nearfler CAlsys-

tern which required a perfect ccct-ariswer match.
Aoirers which wcr eeentiaUy correct, but differed
In some trivial character (frequently unnotked by the
atdent, such as spaces, upeMts, anddowuahllts, etc.)
were judgd. lucorzect, by, the machine. computer
wbi&wIll notIgnor Lrlvial cracters suchaacom-
mae, pzIods, spaces, etc. ai4 correctly evaluatea

çorct uswer M judged InfIexIl1e by atw1ents These
orta ehaaize Ue need for prUa1-answer proc-

esIng n CM systa.
Stentaalao ittd themnachIaeryaqutte"st."

Thl reaoti9a raises the, question of the rpldity f
(AL CALtrequeptiy appears to qualify asn 1ntare
o massed practice. Although the system Is ii theory
studiit paced, thel ediate presentation o.fthe izext
quetton following a correct answer pacea the student,
4 ety Ia prentty w4irwy t 1veaUgate the effec La
of a triledpataes In, thereaentation of the
cow$. Unfi1ieI delays mlgtprovidetrne for tudnts
to prxess Inforjnatio!k and to rehearse their re-
spoo.ses and rnig!t e apeclaUy valuable following the
cct1afa'ror.,

Co*,elaUons amow Selected Student,
Variables, Reaction to CAl, and

CiU-Perfornzance Variables

A mIasingdata correlational analysis Ofa matrix
of variables Including studeüt errors, rate oferfcrm-
anee $A1 écores, cumulative grde-pOtht avtrage,
Bernreuter ps5rsonallty &'alés admInIstred to all
ënteriuig fre&.raen ac Penn. 'State, Student eactions to
0A1 etc., was conuted. The analysis wasperformed
forthé total g ',and aqa±átely for students in
a%akOgj' nd'cost accounting. KeepingInmindthedI-
fieities f' a poterIori "data snoc$ng," the writers

am1nJ the rnatilx in an àttemtt to fine nonchanèe,
medgfut' clusters of correlation coefficients. me
resulti reported below are those whieh Inthewritera'

TnEnt8eüied totfétogether.
lth*gh there' are probably few individuâlork-

g In CAl *ko question the edUcatiOnal advantages of
pariial-ii8wer'j)ióceasing, some ct the' present re-
sult8 make quito clear 'the problem 'Of'the onrnatcbed
corrE"t av*er' froto the student's vie,-piIñt. (The
kect data WerE' ObtanOd prior 'to the availability of

partal-iser prccasIng.) tn scoring the student's
rócordfor err*i", it was nCesSarr'todIBtingiAIshb-
tWeet lethn4t 'doütent eôrs ad Whal Were 'èaIl'ed

oreCt a werseiered 'inoñgformwilóh*erere
girded' 8.4 (nbc 1r t b4' the cofliuter. The méan'pei'
cent OOnteit rs,béd on' the stude1t' total nUm
bër of responses oi'afl' cot Swas 2O%,whiltthe

á 17%. The cbrreiat1Od bet*C the two'types of
ó$' re pitft' and si Oanta loss than he
001 level for' the'tótal and'wlthin eiicb'course.
This correlation reflects the fact that tha student types
In the corrst answer ht wrong form, tries the same
aiswer once or twfe more juatforgoodmeasure and
then diacarda his original oorrt anawerfor an incor-

respons. thus'. making a co1itnt error. Someper-
stet atuc a ay type in (Lel: trlginal correct an-
ir 'gáIn' *nd agtfix, When number of questions was

us'ás 'ti ba.44ir computing the porcentage Of er-
or $ever1 students e,eeded 1UC%. AU additional

pac4em a that thee perslstànt students ma be the

moat f-aufficIt atu1ets. and the eytem Is negs-

tivel reinforcing self-sufficient behaviors.Th 1ern-

reute stability nd S dftcle'xl caJcs correjatd

eignIfIc ntly and positively WIth ti,percentsge'ofcor-

rect arwera entered imwrcr*form'(.43 and .56, i'a

spectively). The manual for th Bernreutr describes

the meaaur of aeI zdicieicy a !cUow: "'eraons

scoring blghonU acaleprefertobealonc, rarely ask

for sympathy ox encouagennt, and tendto Iorc the
aIvtce of ,othera. thoc corthgk dislike solitude and

often seek arIc a4 éwàenent."
Although the problem of Correct answers 1nvron

form cat e miutz4zed by pcIflc instructions to stu-

4ents at flie beginning of a course or by inserIng ad'
ditlonal correct answers, sone wrong-form errors re-

sult from tyjLng habits and poor punctwticn. A cor-

relation of .Z5 (p.O5) between the ñunber of lines of

program cojered by a student perhour anda Punctua"

tion atibtes& score on t. rann. State entrance examina-

tion was otalned. rthernOre, a nega'ive c)rreiation

of -.26 approaching significance betwecn PunctuatiOn

scores aAd percentage f wrong-form errors was also

obtained. " "

The correlations in, Table I (shown for the total

group anti also for the cost accounting group In paren-

these)' generally Indicate that atudents having lower

cumulattve grade po1&ts and scgri tower on the ef-

trance battery tended to rate the courSe zt machine

as fast. 'The correlations of several aubtees frcnh

Penn. State entrance battery withpercentage of content

errors are suggeaiive of a sImilM negative relation-

ship, althoughthey areleas consistent. Thesedataare

icicaUve of the, lmportance of the speed factor, and

suggest that citaea ,zxiployIng cptIcnal dele.ys, t-

tit)nal review, ad ttonal, remedial ,*ork would be

beneficial for somnestudants. '

TeIII. I

Correlations Ainonq So.. Cognnlv. Mèasvrts, Reactions

'to tlti Sp.d of CAf, and Prcrmnfagà of Csnt.t Errors"

N=21

Penn. State Entrance Exam Subeats'

(Mo&e.tastcr)

vi p*. Pc. Total
'cab. Redg 'g

Course l5 -.27 - 33 -.14 -.08 -.30

Fast. {-.5O' (-.51r(-.29) (-.43) (-.12) (-.37)

"Macie, ,.35* '.37* 'r37 .31 ' -.11

Fast '. (-.69)' (-44)' (-49)' (-46)' (-..4) (-.8)

'Pe'Cmt ".13" -..2o' -.11 .06 '.08 -.26

Conten

rots '(-.12) (-.36) (-.43)" (45)
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