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CHAPTER i
INTRODUCTION

_Americans are bombarded almost daily by books, magazines,
“newspapers, tejevision, and radio on the subject ef the 1mpend-‘
ing crisis in extending our educational resources to cope with
expanding and changing education and(technology. ‘Tne. crisis
and its special’jmplicatjons,for higher. education have‘beeh
.documented by the,American'Counci! 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.premise 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 schcol population explosion at ali 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. dif f‘ cult 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-
tutiohs serve, are increasingly dramatic and complex. The situa-
_tion may- be summar1zed by saying that a a:t:me when all facets

of the educat1ona1 enterprise are 1ncreas1ng at the greatest




rate in all history, it is at the same time expanding the breadth,

the depth, and the scope of education.

In attacking the pfqblems of education, the first encoun-

tered difficulty e that the total resources available for educa-

_tional development are quite limited relative to the magnitude
of the tas%'fo be undertaken. Thus; it is necessary ioaccept
progress toward these goalslas iess than would be desired uﬁder
‘ideal Eonditions,-and to recognize priorities of greatest impor-
~tahce'§s primary tasks. The difficulties go well beyond the
me re reseurcé allotment in a mongtary seﬁsé. ih order to get a
'fee1in§ for the extent‘to which this is true, 5t is wéll'to
consider the nature of ideals which are becomfng generally ac-
.“ceptedﬂforxfﬁture public educat1on in thiz ggunfry: 1) the
length and scope of education freely available to each person
in thé‘eat%?é papuiaiion are to‘be extended as soon as feasibie
to encompass all of .the education that will benéfit a person;]
2) no significa@t fraction of the population should receive an
educatidn‘ﬁhich can be regarded as being of poor quality; 3)

education is a major process continuing tﬁropghout the 1ife of
the individual. '

i1f one considers these ideals as goals, it becomes appar-

ent that there are greater impediments to attaining some of

- ]Cfa 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 schoois, but
goes on through technical and higher education, if the child
wants it and can use it . . . ." ,
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them than the difficulty of obtairing the very substantial'eco~
nomic resources required. As a nation we can no longen;efford;'
the luxury of merely trying to do more of what we have been

doing in the past. Thus, the decision to increase significantly :
the conteht 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 afise
directly from che requirements being placed on educational insti-
tutions, but stem from changes in the character of society it-
self. Surely, the most important s1ngle socio~-economic phenomenon
of the present era is the rapid shift from an economy based on
1imited-skfl] labor to one which rests on intelligent personal
service of an increasingly technical nature. Moredver, at a
time wien jobs are becoming increasingly techmical, it is also
true that the technical competence required of workers is chang-
ing at an accelerating rate. In many vocationai and prqfessional
,areas today, the rapidity of technical and scientific advance
has become so great that it is literally impossible to create
academic curricuia which are not obsoiete 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 geneval until they




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 areatly
increased educational requirements, the correspondingiy longer .
~training periods needed to attain a given level of proficiency,a
and the ever-changing character of subject matter ifready’are'
imposing great burdens on existing efforts in education'ano
are-creating\an impetus Tor change in. the methodology and struc--
ture-of instruc al processes. |

.Clearly, new methodologles 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 ompiit

assisted. tcacher -suoerVLSed, self-study, and hereafter referred

to as computer-assisted instruction (CAI). There were & number

of reasons to suggest that this approach might be fruitful:

1) potentia]ly, it permits -an efficient use of expensively and
highly educated teachers; and thus a substantial ingrease in the.
student -to-teacher ratio; and 2) at the same time, it makes

| possible an acceleration: ‘and individualization of instruction to
an extent.whichphas often been dreamed in theory, but rarely
'achieved‘in*educational sractice. .

Specifically; the objectives of the 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 preparafion of
these materials by the use of a special computer 16“9"d9€ devel-
-oped especially for teacher-authors. This language, known as

Gourseuviter, .allows an author iG pirogram the computer to pre-k.

sent naterials on the basis of the stndents ‘responses by the
use of a number of logical commands. One purpose of the project
was to suggest 1mproveﬁentsin the author languege~on.the basis
-of actual ‘author experiences. An anticipated"ouecome of the
project was a more efficient special computer language for course
writing by teachers. In addition, the feasibility of”teachinge‘
several different subjects simultaneousiy by weans of the conpeter
. 'Was an 1nportant part of this objective.~~;fe. =.‘«" L

- : - R Y. 9
€e n3€ i‘m

j ctive was to a ertain the reactions of
‘students to the course materials presented by a computer. Authors
were encouraged\to try out alternative teaching strategies in

CAl so thaﬁ pre1im1nery evidence could be obteincd to determine

which methods of presentation would be most acceptabie to the

student minary eva !' tis

3
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assisted instruction, using sections of courses instead of full-
length courses, and which involived 67 college students was made;
these dat= are reported in Chapter VIII. During the sopring term
and summer term, 1966, at Penn State, field trials veere then
condﬁcted‘for'each of four college courses. -

3. -A third objective was to make comparicois of the effec-

tiveness of computer presentation of course materials with the

sf studant recnonces fg cn t r




lecturc-discussion method. No systematic comparisonc of CAIvand |
conventional lecture presentation were made§ however, some,in;  :‘
formal comparisons were undertaken to help evaluate the quality
of the CAl materials. The investigators associated uith‘thfs -
project question the value of comparing teaching methods. Rather
than attempting to "reject the null hypothesis" with regard to
compdrisdns of CAI with traditional instruction, it was expe;ied
'that such comparisons would help improve existing cbufse,mgteré
ials and help identify a rationale for integrating sections of

CAI courses with existing curricula. 1f CAI %s‘to be an impor-
tant educational medium in the future, the situations in which

its use is most desirable and the methods for best intégrating

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 apbove 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 entive
school pé 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 probiem of dissemination.

5. A fifth objective of the project was to determine the
feasibi}ity 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
wresent project was to eliminate the need for an expens1 ;e com-
puter system and programming support, there are educat;onel
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 updatipg the
training of graduate engineers. Another application is the
in-service education of public schoel teachers. |

6. The sixth and final objective was to develop CAI cur-
richlaiof sufficientiy high quality to be used in later research
studies with actual college and h1gh schoo] students. While
the prtmary purposes of the 1nvest1p;t1on were the five listed
above, CAI offers many oppertunities for research on problems
of complex human learning and instruction. 'A computer—contreiied
1nstruction system offers opportunities for carefully manipulated
presentation cf verbal and visual stimuli (instructional mate-
rials) rarely possible in previous research on instruction. The

re develoned in such & manner that they'are readily
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learning. A number of investigations have been propnsed, and
the resuits of several pilct investigaticns are reported in

Chapter VIII of this report.
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CHAPTER-IT -

DESCRIPTION OF THE COMPUTER-ASSISTED INSTRUCTIONAL:
'SYSTEM AND RELATED LITERATURE!

E N

Computer assisted instruction may be thought of as'a way
to enhance the effectiveness of ceachers and the teaching pro»
cess through technology In the past devices such as ‘motion
pictures, filmstrips, workbooks, and language laboratories have
been incorporated into educational practice to facilitate and
extend learning, generally, these devices have ‘been used to
automate trauitional 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 classroon situation. The conception of CAI ~
which has gu1ded our work has been to supplement rather than
supplant the teacher in the classroom

The publication of Skinner's Science paper in 1954 set
,forthian alternative approach to the achievement of educational.‘

.l

goals. Programed instruction specified desirabie

ct

evminal be-
haviors and used the principles nf a l2arning 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.
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hrough the vormulation of different sequences on the basis of

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

— 3 3

abricated to present these prog~amed materials; however, it

=

as found in most cases that the use of hardware dio not enhance
earning over the use of the same materials in text form (Goldstein

Gotkin, 1962)

Research and development involVing the use of a compater

o assist ir the instructional process may be thought of as

eing related to teaching machine technology, but CAI, because
f its flaxibiiity, decision logic characteristics, and sophis-
1cation of input output modes, must be considered as a quantum l
dvance (at least in theory) over traditional programed instruc-

fon. Projects. using a computer for instruction are similar to

ach other but differ in their emphasis. The flexibilioy of the‘

ligital computer allows for a variety of themes different from

ind richer than the themes of programed instruction as repre- |
ented in the programed text or simple teaching machine. \One

such theme has been the use of sophisticated input and utput

isglazs to facilitate communication between the student and

the system, e.g., cathode ray tube display, various large capacity
random-access vtsual and audio devices, special response keyboards,
and 1ight pens. These devices are particularly attractive to

the psychonogist interested in research but at the same time -

do not stimulate similar research in other laboratories because

the equipment used is generally cf experimental or rrototype

construction and is extremely expensive. Two efforts that

S I o ‘5223"€::} =3
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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 adjust the course organization to optimize

it for a particular student's progreéss. Such tailoring of mate-

rials 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 has been the approach taken:
by Stolurow (1963) and Smaliwood (1962). |

A third theme has been that of tutorial interaction. The

concept here i3 that the high-speed lbgic of the computing'ma-’
chine reacts to the detailed features of student performance

on specific fasks; records the efforts of the student in dealing
with these tasks, and presents appropriate remédial or accelera-
ted action where the student is not succeeding or is insuffi-
ciently challenged. The tutorial interacticn is supplementary
to the strategic job of adjusting the arrangement and difficulty
of the pasksﬁﬁnd‘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 has been charac-

teristic of the CAl 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 gam-

ing interaction between the student and the machine, Here the

role of the machine is that oflsimulator of a process. or as ah
opponent with which the student interacts just as he interacts

with -process or persons in laboratories or real situations.

This theme 1is prominent in ﬁhe 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 méy find the
reviews by Dick (1965) and Gentile (1966) helpful in providing

additional béckground 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 %eprésents a valid conception of an
approach to the use of computers as educa*tional aids, but that

the tutorial approach may be practical for many instructional

purposes. Current and projected needs forced the invesvcigators

to consider computer izustructional cost, both for the develop-

ment of courses and 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 io utilize a system that would

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

scale adaptation tc a variety of educational operations.

.
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Because of the high cost of computer systems for'direct
teaching, a number of educational'deuetopers have turned to thne
employment of the computer as an aid in the managemeit of in-
struction. Under this concept, each school or 1nstructional
subfun%t'is provided with a terminai connected to a central
computer; Input consists of information about each pupil'c’
progress on separate identifiable eléments of "off-line" cur-.
riculum material. Output at the terminal consists of a set of
diagnostic instructions directed to the teacher forimanaging
the education of each child. This new "systems" approach or |
computer-management instructions bears the came relaticnsh p_to'
CAI that remote batch processing bears to time-eharedeonversa-
tionélﬂinteractibn in conventional computer terninoiogy. Tt
remains to be seen which approach wiii be the‘most readily
\ accepted by the ‘educatiscn community. | | |

The main outcome of the present proaert 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 termlnal hardware or the writing |
of conputer 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

Coursewriter 1anguage (Appendlx A1) developed at the IBM

Thomas J. Watson Research Center for controiiing this inter-
change. Virtually ail of the efforts of the project haue beenl
devoted to the preraration of educational materials to be pre-

sented by a computer.




mum of special training, to include questious, problems;, assign-
ments, correct answers, incorrect answers, provisions for unan-
ticipated answers, knowiedge &f 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,

l The Coursewriter language enables an author, with a mini-
ii

which will record and accumulate in storage all student responses

and -response times. Thic Tatter feature is,usefal to authors
for the purposc 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.u'

Additional operations in Coursewriter can call for the presen- -

tation of visual material stored on 2 x 2-iach siides qriauqio
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.x During
~ the development of course materials, new functions were period-

fcally added to Coursewriter which were then implemented into

eagh courée.‘:Among shese additions, for example, were functions
whiéh 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,ﬂ

operation codes used with the Coursewriter language is given in

Appendix A.1.

e A AT P vl
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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. In March, 1966, computer service was initiated
from the Penn State Computation Center to service iwo terminals
for CAI. Databhones and tclenhone lines were used for trans-
mitfing information between thé Chambers Bui1ding”%erminals and
the central computer. The student terminai configuration was an
IBM 1050 instrdctional terminai which included a modified IBM
‘éelectric typewriter and which permitted two-way communication
between a student in Chambe rs Buifding and the computer at
Yorktown Heights (or mbre recently the IBM 1410 at Penn State's
Computation Center); a random-access slide procjector; and a random-
éccess tape recorder -- all components'un&er computer control
and activated by a set of instructions stored in the central
processor. COBrse material can be presented to a stﬁdent by
typéouts, slides, or tape recordings. In answering a question
cr problem, the student types his answer at the terminal and
reiays it‘td the central computer. The computer then provides
knowledge of resqlts 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 \ihere it is stored on high-speed magnetic discs
to which the computer has selective access to any part. In
addition to "on-l1ine" input of course materials, thé'use of

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

‘mits off-1ine 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-iline terminal

time for student instruction.

O O caa o O
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- CHAPTER 111
PREPARING COURSES FOR COMPUTER PRESENTATION

As previously mentioned, courses have been prepared‘for

presentation via computer by means of a language known as

Coursewriter. A]though a compiete description of the language
is- beyond the scope of this report, a summary of the functions
of each of the operation codes.is given in Appendix A.1. A

manual emphasizing the application of Coursewriter language

to instructional strategies is in preparation ax an extens1on
of the current Penn State program o

The list of operation codes taken from the IBM Coursewriter

’manual (19 ‘;, although not exhaustive covers most of the basic
operations in the ianguage A reproduction of a course as 1t

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 hcw fhe argument of that operation code is to .
be used. For example, the entry for a question con51sts of a |
qu followed by the text (argument) The au code instructs the
'computer to type the question (argument) on the terminal and to‘

“wait for the student to respond
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Sequence No. Label Op Code = Argument

aa-0010-010 . - intro . ‘qu . 3+ 2=

-22-0010-020 | ca 5

aa-0010-030 ’ ¢y  correct - -

'22-0010-040 - wa 6

4a-0010-050 Sty  You multiplied instead -

of adding. Try:again. j

ST

Fig. 1. Reproduction of a Typical'CAI Course' Segment

The aciount of material stored for any given sequence number

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

Co o 3

operation code used. There is no limit to the amount of material
which ‘can be stored in the argument of a rd, al, 8, or un state- ‘

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

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

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

nal ls counted as one character.

The label is an 1dent1f1able name selected by an autho

e R wees S B IR £

for any statement in a course. The label prov1des 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 hav1ng college faculty members with minimal .E%ll

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

computer experience prepare courses for computer assisted instruf-' ,F?
ter areas: audiology, modern mathematics, management accounting, g

and engineering economics. Tabie 3.1 provides a summary of the




course materials completed in the four course areas as of
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December 31, 1966. The values in this table represest 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

, No. of |
No. of , Tape No. of
‘ Coursewriter No. of Recerded Static
‘Course . Statements Slides Messages Disp’ dys
Audiology » 8,145 197 127 .33
Management Accounting 6,556 67 34 23
Modern Mathematics 11,765 258 - 138 . =
Engineering Economics 4,l04 5 7 61
TOTAL 30,570 527 306 n7

| Considerable variability exists in the programing strate~d
gies used by the authors. This variability seems to be a func-'
tion of differences in course cortent, the ease cf programing
different codrses for the computer, and the authors teachins

lpreferences. One author used primarily an inductive approach

in which examples ano problems are illustrated followed by ques-

tions designed to help the student discover the principl in-'
volved. Several authors emploved a large number of branches -

to remedial or explanatory materia., while others presented
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explanatory material in the main trunk of their progran. Seme
authors used a liberal number of prompts or hints to elicit
student respcnses, whiie others required the student‘to‘do nore
independent searching for correct answers. Differennes also -
exist in the kinds of questions that have been used (multiple
choice, single word completion true-false, multiple word cone
structed resporse) and in . the quantity and quaiity of knowledge
of results, feedback, and reini’nreement_° ‘These "built in® dif-
ferencee among and within coursee have provided useful materiais
for future exoerimentel tests of the effectiveneés of the differ-
ent methods of presentations

~ Our experience with programing different courses suggests
that although most subject matters can be taught feasibly via
CAl, some are especially well suited for conputer assisted in-
struction. For exanple. the presentation of visual and euditory
materials via the slide projector and tape recorder would seem
to be particularly effectiv» 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 advantaqe for learning other than
whatever advantages accrue from repeatin the communication in
the different sensory modalitieso In many courses, however9 in-
formation can be conveyed by slides and/or fape recordings which
would be difficult to trensmit to the learney by o*her means. |
Slides were developed for the audiology course which portray

varicus parts of the human auditory system. The slides were
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developed . in 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 reccrder was used in the audiclogy course.
Corract pronunciation of anatomical terms were played for the
students whose job -it was to learn proper pronunciation:of a

difficult vocabulary 2s well as correct anatomical ]ocation.

Training_CﬁI Cuurse Authors

The present projef* was one of the first t0 impienen the

preparation of course mater*ais for CA! using the Coursewriter'

language and teleprocessing from remote terminais. For this
reason, problems were encountered early in the proaect which

can nov he avoided in future CAl projects. Although severa! |
short training workshops were held for the project staff by

iBM personnei, it is fair to say that most of tne project staff
were iargeiv self taught. It is hoped that our early experience
with CAI uill be of some help to other investigators who plan

to do work in this area. |

Although Coursewriter is a relatively Simple ianguage to

use when compared to other more trauitionai computer 1anguages
such as Fortran, Daft Algoi9 and Autocoder, considerable time |
was spent during the first few months of the project learning
1o 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 prov1de superv1sed coursewriting
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experience would be superior to the trial-and-error training
necessitated in the present project. The traiiing of authors
in the early stages of the project was hampered by several prob-

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

stailed and debugging was being completed; 2) the Coursewriter

language was in the process of being written and revised, and
thus was changing from week %o week; and 3) authors were faced

with the more difficult problem of fully utilizing the fnstruc-

tional- potential of CAI. As more experience was gained'uith

3

computer-assisted teaching systems, problems of author training

were minimized

-G

Aside from learning the Coursewriter operations, the most |

) ED

difficult problem facing a potential author of courses in CAI
is that of utilizing the dynamic properties of CAI | Preparing':" o &,
aierials for CAI is very different from preparing materials o |
for a traditional lecture 'lass of 40 or 50 studenis. Most ?

traditional lectures, like earlier forms or orogramed instruc-:;';n‘ :,’ggi
tion, involve linear teaching strategie-. To conceive and de - | “
velop a course which vill adapt to the abilities and interasts, ‘\ "
of any learner in a population of learners exhibiting wide indi-*
vidual oifferences, requi"es skills which have frcquently not 1 ‘ . 2
been acquired by many teachers or professors, nor have they : " | ”
ofter been taught in teacher education curriculums. The most | b
likely reason for the neglect of these skills for inzdiv'idu‘alizing | '_
instruction is the great oomplex* ty which they introduce into

the design of teaching strategies and instructional materials. B




uithfn;the domain of adaptive CAI, one can. conceive of multiple -
track and hierarchical instructicnal 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 objeotives prior
to course development,. and to graphically indicate various -
routes’through the course. by which students of different~abili;"
ties andlinterests can reach the course objectives. )_

~The use of adaptive CAI also invoives some assumptionsv:
about the nature of student learning which are frequentiy either
unaccepted or ignored in traditional teaching situations. ”The
use of adaptive t-uching systems assumes that the variability
in attainment of learning obJectives among different iearners
can be substantiaily reduced Although some psychologists find
ev1dence for a genetic limit in a student's learning ability,‘ |
recent evidence points te the great malieability of such varia-*'
bles as .measured. intelligence and school learning. One of the
most striking early findings of the present 1nvestigation (moro 1
fuily reported in Chapter VIII) was the great spread of cri-«:s'A
terion test performance among college students on CAI courses'
| specificaily designed ‘to include remedial work and adaptation
to indiyidual~differences. In one section of modern mathematics
containingrapproximateiy fifty per cent remedialywork given
\to studentsihaving difficulty in the~main'course,4criterionv\
'a,aohieVement~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 zsores and short range. Such widespread variability in
acnicvement found among these students can only stem vrom a

failure of the instructional strategy. One of the most vaiuable

attributes of computer-assisted instruction for training instruc-

tional prdgramers is the ease with which authors obtein feed- _
back concerning the adequacy of their courses. Ip the normal \'

classroom situation,’feedback conceriing one's teaching pro-

- cedures is‘freQuently deiayved toc iong for the‘feedback to be

relevant, In CAl, feedback concerning one's couvrse 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 uavipg firSthand experience as a student on onefs'
own course, information concerning the performance of regular

students is readily available. Such students have been used -

to pr0vide information to help diagnose the strengthsiend‘weake,'°

nesses of a course.

Capabilities for rapid revision are required of an instruc-

tionai 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‘cpurse

materiais,, Depending on previous schedul ag of computer time,

revisions can be made within several days. This is a‘particularly

o2 s e B Ty pn—— M M s e s A pom £ et 5 o T 4
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important characteristic since the preparation of course material
frequently requires considerable revi uon to smooth out mine* |

defects.

Preliminarv eSults concerning the inc1dence of mechanical '
malfunctions Nlth the bas1c *Vpewriter input output terminal 1 -
have - been highly entouraging, QSDEP4”TJKIH view of the complex 4
electronic system iuvolved One obaective of the proaect was |
to test the feasibility of teleprocessing course mcterial to -

remote instructional terminals. A check of a sample of lu 374 N

statements of program completed by a small sample of students

showed that transmission errors occurred in only 0 2 per cent t | 'ffé
of the statements. 0n the bas1s of these preliminary resultss9 ‘, | g
we can conclude with some certainty that computer asSIsted in- 1"
struction at remote termintls Vla 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 o
of 1966, a field study was conducted using three of the courses -
Speecthathology.and Audiology, Introductory Management Account-_’
,ing; and Modern Mathematics. anineering Economics was field

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

_In order te¢ 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 lO consecutive weeks . Each class participating in the field

trial was divided into three groups. Group 1 was in attendance

at ail ciass meetings witn the orofessor, this group was identi-

rled as the lecture grouo 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 ThlS group was 1dentified as the CAI grotp.‘

uroup 3 was in attendance at one class meeting ’t the beginning ‘

of the week and two class meetings (equivalent time) were spent
in the curriculum H erials cert in the Co lege‘ | ducation.
This urouo was idnntified as the self study group |

"CAL Group. The CAI Laboratory Staff scneau s'u hlt ;

according to time avai. ble on terminals and individual sched- p
Yiules for no less than a tctal of two and one half hours per
week. Students could, of course, spend moie or less time as
required by their woik habits and assignments. The L shoratory
staff nro vided cu ch materiale as handout S, models; reference
books, colored penciis, 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 at: all times
when students were scheduled on terminal. The professor of
each course was provided with a carbon copy of each student‘s

ony

e -

s

| printout from the terminal, and the student retained one

_ for ‘review. purposes.

FTIry
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Self-Study Group. Students were scheduled at the cﬁrricu-

Tum Materials Center for two and one-half hours per week accurd~
ing to their individual schedules. The Curriculum Materials
Center is a library-type facility eauipped with individual study
carrels wﬁere specific references may be p]aced’for student use.
Materiais su;ﬁ as handouis, medals, refereece huake . sets of
slidee, and c¢lide projectors were provided in the Curficuium
Maferials Center for the studenfs‘ use. Apfoctof‘was avatlable
at all seheduled times to distribute materiafs as_reehesteﬂ by
the students, and to record the amount of tfme spent‘by each

student using Seif-study materials.

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

the details of the course development and field stndy for each

of the four courses developed for CAI.
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CHAPTER IV
INTRODUCTION TO AUDIOLOGY
(Bruce M. Siegenthaler and Je?frey‘Katzer;-CourSé Authors)
"Introduction to Audioiogy“ (Speech Pathology and Audiology
430, 3 credits) is the fifst coirse in audiology at Penn State

‘raduats’

IPD

—-’
1

and is normaliy ‘taken during the junior year of unde:

T ﬂ)

study’ o
The objectives of this course include the follewing: "=

‘i.' Introductory survey ‘of the fleld of
... ..audiology; . . ..

2. Development of a knowledge of technical
terms used in aud1ology,

3. 'Classification of information regarding = U;%“‘L.
~ .the anatomy and physiology of the normal
‘epar and of ear diseases at a survey leuel,
"4, Understanding of general principles of"
. -testing hearing and development.of. skill

in administering pure tone air conduction-
.. tests and their 1nterpretatlon, .

"’..

. .. 8. .Survey. of rehabilitation measures . for .

| A1though the course je requ1red dur1ng the Junior yearlof Avf
the undergraduate SPA (Spetﬂ ?athology and Audiology) cur- o
recu1um and the major enro]lment is by these students, the |
. course is also taken by a number of graduate students in the |
master s program in SPA and dy students from out51de SPA who f‘it\

minor ¢n th1s field
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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 voiunteered to participate in CAI as

a supplement to class attendance. These lz volunteers were
randomly divided into two groups, one to receive CAI and the
other‘not.i Al students other than the 12 voluntaers attended

5 R e S e B v [ s R i

three l2ctures each ueek. However, six CAI students spent time ’

on the computer erm.aas to complete the material on &

. and physiology of the ear. At the end of the first third of:" o 3ﬁ

Jvn
w\Uni

«

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

vpleted), a comprehensive test on that material was administered

to all students. These data’ were analyzed for the three group5°

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

| volunteered for CAI but who were included by the random pro-
_'cess and 3) -udents who volunteered for CAI and were selected. v’j ;r}
= Far Group 3, a romparison was also made of th e questions sup- =
‘, plemented by CAI and those questions not supplemented by CAI, ]

_ The results, based upon a very small sample as cited above. |
= did not. indicate a clear-cut advantage for the students receiving S 3'
CAlI either for the CAI related questions or for the non CAI re- .

lated questions.~ However, it must be remembered that all stu- o

| “;“dents attended all lecture sessions and therefore all received

_the same instruction via lectures.

- Subjective evaluations of the computer program by students

-were highiy enthusiastic. Some of them were able to complete
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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 b ‘
(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 activitiese

Field Trial

A field trial of the CAl speech pathology and audiology
course was conducted during the spring term, l966 The purposes
of this study were twofold: l) to investigate the problems in- :
volved with providing CAI experience for a number of students
on a regular basis for- academic credit, and 2) to obtain -and
analyze data for improving the CAl course based on student re-

sponses and reactions.

Random Assignment of Students. The 21 students;ahofenrolled
in thespeechlpathology 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 assigrned to the lecture

| igroup met uith the professor three periods (75 minutes each)
weekly.? This segment of the ciass group was taught according
to the standard procedures used by the professor for a lecture-

. discussion class.
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Self Studg,Grcug. 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 l includes a semple of the self-
study guides available to each student Appendix D 2 is 2 list
of the anatomical slides which were also evailable with a pro- '
jector in the Curricuium Materials Center for the studenis 1]
use. Table 4.1 indicates the amount of time spent in the Cur-
ricu]um Meterials Center by each student who was assigned to -

| the_seli-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 studenis in ary nay
It merely indicates that some students spent considerably more
tine using the specific references placed in the Center.;‘

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

These students met with the professor and the other two»groups

one peniod'ea h week and were assigned time on the CAl terminal“*(

for approximately periods each week. Appendix D.3 contains -

a sampie of the speech pathology and audiology CAI program which

ineiudes slide and tape recorded messages. Appendix b. 4 is a

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

sgram.M;AppendixyD.S contains samples of the static displays,

and Appendix D.6 contains samples of the student handouts pre- o

pared for use with the course.

" e
P
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Table GQE‘shows the structure and amount of course material

?; stored in the computer. The course is segmented into chapters
?g‘ for case of handiing at the Computation Center; however, 2 stu-
£ dent taking the course continues directly from one chapter to
the next if he so desires. -
B @ . Table 4.2 |
. | Structure of CAIL Speech Pathology
E ,  nd Audiology Course . .
E : - - as of December 1966
]
-Ne. of =~ . .. 1 ~ Tape - No. of
Coursewriter No. of No. of Recorded. Static

Chapters TﬁStrqctions Questions Slides Messages  Displays

¢, - -
L1 ‘?_,.t‘_ i -\._,“." ]

) 1 1932 107 25 47 3
[ 2 g1 57 -9 . M 4
3 464" 18 6 13 2
4 910 - 36 15 14 C 4
5 593 - 27 23 1 5
6 440 16 7 23 1
7 325 8 1w o
8 s02. -8 13 -2
g 9 517 28 6 B 1
10 43 17 7 . 2
ik 555 26 1" & 4
12 - %2 .o 2 h 2
13 391 et 36 2 2
&  Total 8145 387 197 127 33
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Table 4.3 shows the time s;pent on computer terminaivby the

students in the speech pathology and audiclogy CAI group.

Table 4.3

Time Spent on Instructicnal Computer sermlnal by Students
in the Speech Pathology and Audiology CAI Group

Field Trial, Spring 1966

Dates Average

Student Beginning-Ending Time o Hours/Heeka
Number 1966 ‘Hours-finutes Hours-Minutes
7577  4/25 - 5/23 17 50 3 3%
7579 - 4/25 - ST 14 45 2 57
7580 4/25 - 5/19 11 a9 2. 21

3 53

7581 47271 - 5/24 19 24

Total Time - 63 hours and 48 minutes
Average time per student - 15 hours and 57 minutes

~ 8calcutated on the ba51s of maximum number of weeks (five) .ff' _‘
on termina1 by student from the group. L ‘

| Table 4.4 shows +he ‘character and operano code count for )
five representative selected questions from the course On the |
‘basis of the information from these five questions. it is estiu
jmated that for the 387 questions and re1ated ins*ructions in
‘the course there are approx1mately 546,300 characters,in com-‘
‘putev storage for the 13 chapters. | ’ | |

The entire question frame for each of the sampIe questions

is presented on the fol’ ting pages. Fo?lowing each question 1s
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an ekp}anation of the functions within thevquestiod and a table
which includes an exact reproduction of all resboﬁses made'ﬁy |
each siudent and the resﬁbnse latency for eachAffial; fThiéifooém
mation wasibbtaine¢ from student record analyses from éheiééﬁ;'.»
putef and is éeﬁre;entative of one of the benefits that an author

can derive from the computer in revising and updating course

materfal.
tv ‘f




38

| Snnble Question 1--Speech Pathology and Audiology.

Sequence Nu. u.?Lébei |

0Op Code

| Argdment |

".aa-clSO 470 | | "qu o

Tax
fn

ca

ty

nx
ad

. un

canals.
'is important to. remember
‘that these

1:39 * COﬁpleuioh° yTﬁe fii'

-other part of the inner ear

having to do with balance

- '{s, according to Newby.
called the .

-

kw//1

]/ vestibul

Corr ct Please realize .
that Newby is describing

the w%ole functioning balance
part with its contents, .
Strictly speaking, in terms .

of the geography (not function),

this part of the inner ear

ay be subdivided into two
types of areas: (a) vesti-
bule and (b) semicircular
For the moment it

are parts of the
bony labyrintu~vour class
lecture will deveiocp this
further.~ L

=1//¢1

Wrorg. 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.:

o *N B Material in ftalics indicates this wi]l appear in

S red on printout°
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Sample Question 1. This is a compietior question.” The -

student is expected .to fill .in the blank after‘referring'to’the o
teitbobk. The authorsﬁare‘expecting'only{one correct,answer' )
ica),u‘i e;, vestibul. If the student makes this response.rhe
rece.ves 2 typeout {ty) which says . correct" and. gives him in-
fornation about some additional material he will study If the:l |
) student does not make this correct response, -1 s added to i’pﬁ"
'counter 1 and he is given the feedback for an unanticipated (un\

| answer.’ He is told at this point that he is wrong and should :
\'check the textbook and try again. “The informa on from student’

~ records presented in Table 4 5 indicates that To ur of the six fh
“ students did respond correctly on the first trial Those uho5 ‘
pdid not, made spelling errors. It should be pointed out that h
none. of *be students responded with the precise response that -
,the authors specified, i.e., "vestibul " The correct response |
programed by the authors contains the essential portion of the .
;pcomplete correct answer and allows for deviations of uord end--_
N ings that the authors were willing to accept as correct.l The; |
fistudents could respond with the entire word, yestibul or vesti-
\bule,or vestibular, plus the word "apparatus" without being ;D i
c ounted incorrect. This indicates the flexibility that authors
?‘l‘can provide for accepting different forms of the same correct
'Qansuer and not forcing the student to match precisely character
V“or character any one given answer. This flexibility is pro-
uided by the keyword (ku) function which appears just prior

“'"topthefcorrect answer {ca) in the progranm.




‘Tabie 4.5

Student Responses and Response Latencies
for Sample Question 1 from CAI
Speecli Pathology and Audiology Course

Field Trial, Spring 1966-

‘Studéﬂf L ‘ a - . A
Number ~ Trial 1- 1 R Trial 20 = L2%

- 7577 vestibular
.. apparatus 9.1
7578 ' vestibular S
. . apparatus 13.1.
| 7$7§" ~ yestibular -
.. apparatus- - - -"31.4
7580~ - vastibular - -+ yestibular i i
T ”";:appargtqs | 107.6 - apparatus | 33.3
7581  vestibular i T
.7 o appavatus . 12,9 | |
7582. - ' vastibular . . -~ . .. vestibular .. -~
o apparatus  13.5 apparatus 24.8

q1n seconds




ANATOMICAL TERMS

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

cedure. W||| 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

- Write the‘:’"paired vord™ below. K

1. distai

2, deep

3. posterior

4. inferior

5. anterior
6. superior
7. central

8. 'intemql |

9. caudal

10. :; p’er,iph'eralx..

11, . external

12, pioximal

13, Tpara-sagnﬂai L

14, ‘cephahc o

5. ventral

- 16. coronal

17. lateral

18, dorsal
19 -superflcual
20." medial

. 21. sag",tal _. o - . o E \j"ll, ) -
SNy A frontal - : .

,Fig. 2, Student Handout for SPA 430
(referred to in Sample Question 2)

41
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Sample Question 2--Speech Pathology and Audiology

Sequence No. . 'Label . Op Code

bb-0610-210. . qu

.

fn

Pa v lca PR Y ‘~’

- fn

nXx

e e U

'
y oo e b

N Sample Questien 2. The programing in sample quesfibﬁ 2j¥s'\

Argqument

3.2, 1f medial (#20) means_
in the middle, what word on

" your Handout means to the
‘sfde? -

kw//1
/ lateval / 17

Correct

. tape//049

,s{line feed),,

*a
w p f gg!

-lllcb

Wrong. What word on your'

Handout is also a term used

in football for a pass mo
the side? RO

On the sides of: géographical

areas are latitudes. Try.
again. *

Try again.

mdre conpiex than that of the previous question. The studemt

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

- P

' question presented \o him. In this case there are two posslble‘

¢
.
vtues J = R v
. > .t . v N
! bk iaat b e
- il
: oY H i .
Y ‘ . B

e SR
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correct answers which the authors were willing to accept, 1.e.;

/; “laterai“ or "17." 'The authors 1nd1cated‘th1¥'in‘the program

by preceding the correct answer (ca) with 2 keyword (kw) func-

tion. The keyword function requires only one of the correct

ansuers in the ca to be matched, that is, either "1atera1” or

'!7s! If the ‘student matches one of these two correct answers,'?,‘ﬂ

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

ﬂt

yed for him, the paper in his. terminal is advanced with a_

b -

T ]

" linefeed command, and the next question is presented “In the
event that he does not responi correctly, -1 1s added to counter
0 and the first unanticipated (un) answer is typed out for him.‘
,Ibe computer checks the counters later :n the progran to deter-
nine appropriate remedial brancWing.‘ The un tells him that )
;i‘f", ~he 1s wrong and gives h1m a hint in regardv 0 the correct
W . answer. In the event that he makes repeated wrong responses
§ »jl | ,to'the question, the successive un' s are presented to him. """
- A'After the fourth 1ncorrect response the final un is repeateu o
to him. Table 4.6 presents the responses and the response la? |
= ‘,tenry of each s ud=1b to tn1s quest1on This analysis shows |
| 'that students made content errors rather than speiling errorss

w'F'I;y:valsz,/\vias the case in the preceding question.
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Table 4.6

Student Responses and Résponse Latencies
. for Sample Question.2 from CAI
~Speech Pathology and Audiology Course

:  Fie1d Trial, Spring 1966~

Student , ; BN
Number . . - Trial 3 .- . L1% oo - Trdal 2z o L27

7577 superficial ~ 106.5  lateral = 8.2
7578 lateral 9.7 o
7579 wistal 3.8 lateral 42

7580 lateral = 3.9 -

V75815’ " :pefipheraI 95,0 o ’71atera1 - 8.0
7582 ©  peripheral ~  20.4 lateral 8.8
7582  lateral 4.9 | | -

. %n seconds

T oL et Y Y W i nds et = ol




Samp1é,Question,Q:;Speéch Pathology and Audiology’ ;

Sequence Ho.

€c-0040-410

Label

0p Code

 e———

rd
fn

ty
q

nx

S e

ty

'
' . N
‘ f
Y n
- oL
f

i
- fn

 wa

ty

rRX

Argument

3-13. Locate the kiﬂﬁey
shape in the upper left
region of the medial wall.
wait//10 | | |
,,(1""8 fEEd),,

3-14. This kidney shape is’

‘the place where "sound \ :
enters the inner ear, What

does this kidney shape

represent? |
kw//2 |

/ ovdi / window / fenestira /
Covrect. You might)want‘£o ’
label your Handout. |

wait//5

kw//1

/‘footpiate / base :

The footplate of the stapes
1ies within the kidney-shape.
However, the arch of the
stapes remains within the
middie ear cavity. The ,
kidney shape is intended to

represent a hole in: the medial
‘wall of the middle ear cavity. . -
“Try again. Lo

,45‘,’4
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Sequence No. Label':' Op Code Argument e e '
| fn o kw// B
Wa ] nohnd’ffndtunda

ty - This Handout has not distorted {
S the round window into a kidney
shape. You should know
by. now ihat the round win-
dow is not the main sound
conducting mechanism leading
from the middle ear to the
'1nner ear. Try again, (

o

“h
&

—r Ty

oo |
o kw//1 | L

wa / stapes / stirrup

. o ~ o -ty . The footplate of the stapes

~ L , | ~_ fits into this kidney:-shape.

v , oL L What does the kidney shape
'represent? Try again.

—_r——

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

S

un This opening is a window.
- Try again.

P

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

'TSanbieiQuestien"ﬁ The authors have anticipated two forms ) {

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

£ vl

technicai name - and have ant* ipated s*x wrong answers which

students might make. The question 1s presented to the student

oty ouPFapmuirn P—n




and the system waits for the student to respund. 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 tﬁe preceding
keyword (kw) function which specifies that t-o 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 i¥ 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 studénf to respond
again with the correct answer. As in the preceding question,
the authors have provided for taree 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 znd indicates that all but one of the
students responded correctly on the first trial. One student,
after receiving the first un with additional information, re-
sponded correctly on the second trial and thea proceeded to

the next question. The reader should note the wiae variability

in response latency among five students.

47
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Table 4.7
 Student Résponses and Response Latencies
for ‘Sample CQuestion 3 from CAI
__Speech Pathology and Audiology Course
_- Field Trial, Spring 1966 o
Student a o a
Number Trial 1 PN Trial 2 L?
7577 eval window . 8.5
7578 basal-end oY K :
the cochlea 98.3 oval window 26.9
7579 oval ﬂin&owm, 7.2 |
7580 oval window 6.3
7581 ~oval window: 41.7

7583 oval window 135.1.

qn seconds

,,,,,,,
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Sample Question 4--Speech Pathoiegy and Audiology

Sequence No. Ladel Op Code Arqument

11-0070-400 qu 9-19. What end-crgan is
affected by stopping and
starting motions?

nx :

fn kw//1

ca /macuia

ty Correct.

br qul//cl//el/

ad -1//¢0 /
nx |
1d 1//cl

fn ) paO//3?t//50

wa ma;dla

un NFong; -Try again.

un ~Type: macula

rd

1d v//el

ty »v(line feed),,

Sample Question 4. The authors used counters extensively

in this program to cantrol the progress and branching of students
throughout the instructional strategies. A keyword (kw) func-

tion is used to examine the first correct response "macula."”
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If a match occurs, the student receives the typecut (ty) "correct®

and control passes to the following branch (br) statement, which
commands the system to branch to the next quession if counter 1
3 equals 1. If this conditioen is not met, control passes to the

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

Y

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

0 &]I‘

is not correct ai. does not match the first ca, the nx statenment
after the ad statement takes control and immediately passes con-
~ trol to the next load (1d) statement. At this point, * is

l1oaded into counter 1 and control passés to the following pal

1 function. The paG function is checking for the same response
! as the original kw function specified except that it will ex-
?h& amine the student's response in small segments and will requive
VY: only a 50 pér cent match fc meet the requirements cf the pal
i\' function. If 50 per cent of the student's response matches the

X stored “wrong'answer;“ the pa0 function will type the correct

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

A

& correct answer before proceeding with the course. When the stu-
' dent responds this time, he undoubtedly will make the correct

¥ |

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

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

rext qu. because counter 1 equals 1.

o i o
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Table 4.8

Student Responses and Response Latencies
for Sample Question 4 from CAI
Speech Pathciogy and Audigiogy Course

e Field Trial, Spring 1966

Student a a a
Number Trial ¥ L1 Trial 2 L2 Trial 3 L3

7577  crista 27.2 maculae 29.0

7579  macula 7.4

7580 crista  13.1 maculae 22 .6

7581 - crista 16.5 - otholithic

‘ membranes 58.1% macula 9.0

%10 seconds
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?: Sample Question Q;-Speech‘ﬁatheldgy:aﬁﬁ Audiology

. Sequence No.  Label Op Code . Aﬁéument'. ‘

E j3-0040-010 #s-51a '

8 , ‘Anatomica, Slide: Schema of Cochlear Canal -

, | labeled.” " -

3 - . oty This slide shows ‘a highly -~

diagrammatic cross section -
.. of the cochlear canal. This
p , is the same as your Handout,
a but with the parts labeled.
N lotice that the cochlear
L canal is divided .into three
J main parts: (1) the scala
kY e yistibuliy (2} scala tympani;
A ‘ ‘ and (3) scala media {i.e.,
Y , the space inside the cochlear

‘ ' ~ ‘duct). '

. ty ,»i1ine feed),,

rd Correct your Handout if
nacessary. Make sure that
al) parts are labeled,
When ready to proceed,

> press EOB.
. fn sb///nxl/!aO///rm@one
rd -
1 ty ,»(line feed);.
ty Here are a couple of ques-
tions related to this area.
i@i . ty ,.{1ine feed]},,
! .
. qu 70-1. Energy delivered into
" ~ | the foctplate of the stapes
2 R would be delivered into

which scala?

fn kw//1
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Sequence No. Label Op Code Argument
/vestibul

Correct; (i.e., the scala

; vegtibuli coHnnecis to the

1 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 l.abyrinth ought
to give you a sint & to the
correct answer. Try again.

;o

‘ un ~ Type: vestibuli

Sample Question 5. This question begins with an author

comment which is indicated in the label field by the number sym-
bol (#). This comment appears in the cqmpile listing only and "
enables an author to insert refarence 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. +he following ty statement is a linefeed command which
causes the student's terminal to advance the paper a single or
double space for formafihg purposes. This function enables the
author to structure the physical layout of the materia!hwﬁich
\the student is receiving. A read (rd) statement‘is thea pre-
sented to the student which instructs him to check his handeut

and see if it is labeleé properly. The next function branches
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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 new
material felafed to this area is started. The question {qu) is
then presented and the system waits for the student to respond.
The authors 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 covrect

and refers to a previous handout. The system waits ten 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 {ncorrect 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,.

one.on the third trial, and one on the fourth trial.
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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 transferredlfrom Penn State.
Table 4.11 presents the mean and standard deviation on tée 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.
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s Tabie 4,10
| Posttest and Retention Test Scores \
i for Speech Pathology and Audiology Field Trial
B Spring, 1966 |
' B Posttest = Retention Test
Self-Study Group '
1 105 .-
2 55 10
3 83 ‘ 22
4 80 . 29
5 108 - 36
6 89 : 39
7 75 -
Lecture Group | | -
8 91 o =
9 88 29
10 102 . S - - 49
N 92 . . =-
12 g2 S 26
13 e -
14 LR X -
CAI Group o BT o
7577, -~ 104 730
] 7E78 56 : --

A 7579 S ¢9 . 5 se
- 7580 . .. 88 - . - 3
’ 7581 S 75 : 21 -

7582 o 72 L --
7583 . \ . . 89 . - .00
r




Table &.11

Mean and\Standdrd,Deviétjdh_fo¥’£ach'dréup |
in the Speech Pathology and Audiology Field Trial
’ Spring Term, 1966

Lecture Self-Study CAl
Conty S o o
Posttest
Mean | 95.71 ) 85.00 83.28

- 8. D. 9.18 T 18.14 ‘ 16.69

Retention Test |
© Mean | 14.86 19.43 LT
S. 0. . 19.89 16.33 14,95

Table 4.12

Oné'Way Analysis of Variance on Posttest Scores
for. Speech Pathology and Audiology Field Trial
o Spring Term, 1966 |

| 3 _ Sum of Mean L

Scurce d.f. Squares Square F-ratip
Treatment =~ 2 635.14- ~ ~ 317.57 1,37
_Errvor ' 18 4150.86 230.60

Total . 20 4786.00
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CHAPTER V
INTRODUCTORY MANAGEMENT ACCOUNTING.

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

The management accounting cou~se (mana) deve]oped for CAI
is formally classified as the basic management accounting course
“at The Pennsyivania State University. The comp]etedvcourse for
CAl was based on two major sources of data. Certain‘portions
of the course uere drawn from fext materials adopted for cur-
rent use at Penn State Appreciation is expressed *o McGraw-
Hill Book COmpany, Inc., I. Wayne Keller, and Ni]liam L. Ferrara -

(publisher and authors of the‘second'edition of Maragement

Accounting_for Profit Control) for granting permission to use

these materials in this research project. The sec ond source
was “Supplementary‘Reading'AssdgnmentS” written by the course
authors for the purpose of expanding and clarifying important
accounting concepts and procedures. The objective of the |

teacher of the basic management accounting course - whether'

a CAl system or the trad1tiona1 classroom. lecture - was to pro-‘
vide an opportunity for each student to gain exposure to se-
lected theoreticalzaspects of management accounting theories
“and their role in management pianning and control coupled with
l,simulated practical experience (homework problems) which, hope-
fully, reveal advantages and disadvantages of both conceptual

observations and practical app!icat1ons,
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Development of Course for Computer Presentation

implicit in the presicus comments is the fact that manage-:

ment accouhting data are vital to decision-making for profit
optimiiation. Conseguently, information which facilitates cost

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

ggg_oanhich a managément accounting system rests. The com-
pleted course includes the following topics
i. Intreduction to Management- Accounting

A. The responsibiiity of accounting and dual
posting concepts in relation to cost accumu-
lation for (a?}contrbl and:(b) income -~ -
measurement permeate the entire course.

B. Distiacti@n between accounting/brocedurés
“ - for merchandising and manufacturing firms

11.° The Cost Accounting Cycle (accounting for
~ materials, labor, and overhead)

I11. Basic Cost Accouéting Systems (historical and
" standard costing systems) - - 0

" K.- ‘job-Order Costing

"B. Process Costing
IV. -Control of Manufacturing Costs (classificat
of costs as fixed, variable, and. semi-variz
for control puvposes and usefulness of the
- flexible budget technique for control of
- factory overhead costs) S S

on
1e

CGY b

Since -the prbjept begaﬁ, curriculum changes were instituted
by the accounting department, some of which were incorporated

fn the CAI mamagement accounting course.

sive revisions of the cost accounting material was traced to

five major factors, which are briefly explained as follows:

Nine segments were prepared for CAIl. Necessity for exten-

e Y e P

=A==
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Modification of criginal plan to base the course exclu-

sively 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 expended parai‘ﬁ1 chaptersA

of the Kel?er-Ferrara text or proV1ded clarification of concepts.

Second, several case probiems Trom the Horngren text were used

to provide simulated practical appiications of cost accounting

data.

Remaining portions of the materials (“Suppiementary Read~
ing Assignments") were accumulated and/or written specificaiiy
for the CAl field trial and uere circuiated in mimeographed |
form to participating students. A sampie of this material is
presented in Appendix E.1. Such reading assignments 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 comprenenoed 0y mary stud nts.
Thus, the cost accountirg CAl course represented a comprehensive

set of instructional media encompassins 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 computer printouts of students

used in tesc.ng_che erig fal program. Man/ of the revisions
incorporated in the course were made as a result of .ntensive '

review of students terminal printouts. For exampleo edditional

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-

bili.y in the ability of the hardware for processing student

input. Where applicable. new COursewriter functions and oper-

aiion codec were incorporated in the revised course°

Inclusion of additional problem materials and quizzes.

Incorporation of meaningful progress evaluat-on schemes for

the student was another factor influencing course revis1on.~

The evaluation sequences were programed in a manner similar

to “quizzes.‘ The purpose of this aspect of course revi51on-
was to highlight computer-a551sted instruction as a tutorial
device which is sensitive to indiv1dual differences among stu-
dents. Evaluation sequences. therefore were pre'ented as an B
instructional device designed exclusively for diagnostic pur-
poses and not as a measure of achievement. This technique was

sed to romnt student review in cases where remedial werk was

in di ated to correct unsatisfactory progress. and to clarify |

misconceptions. lhroughout the rev1sed course primary reliance

- was placed con the student to determine the extenc to whi ch




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 1eve1 of preparatiou

of each assignment was assumed and requ.red prior to each session

with the computer.. | | | | f | | | “7
Additional case problems were 1nc1uded SO that ‘the student Y

couid acquire a form of s1mu1ated experience in applyino theo-

retica?\concepts discussed in assigned rea ing mater1a1sol’¢ase

problems were provided prior 10 computer sessions ) that stu-

dents could read appropr1ate mater1a1s and prepare so]ut1ons |

as component parts,of each as51gnmenttv‘A samo]e’of these is

presented in Appendix E.2. |

Influence of curriculum changes on course revision. The

management accounting course underwent substant1a1 changes in },
purpose, orientation, and content s1nce the project was 1nitiated |
in April 1964, Curriculum changes 1nst1tuted by the accourting
department changed th1s course from f1fth to second 1n 2 series
of 1ntroductory account1rg courses. Add1t1ona1 course content

, lre]ating to broader management uses of account1ng data were 1n-
c]uded, along with an 1ntroduct1on of the budgetary p]anning , jfv
process. Since the course became a requ1rement for al students |
in‘the'coljege of Business Adm1n1strat1on, students are move
evenly distributed among account1ng majors and non accounting"

majors. ‘fhese changes requirec very extensive revision of the -

‘originalxéhi'course;
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Reaction of Students. The following comments are based on -

i

observations of students who tested parts of the cost accounting

:—-.—-"’

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

currently enrolled in the course for coliege credit volunteered [}f%j
; to serve as subjects. Portions of segments 1, 2, 3, and. 6 bf, | f‘~
ZQC the program were tested. Students indicated that thoy were ini«‘; [}i;
| tially fascinated by CAI and impressed by the large degree of ‘\
R student independence which characterized the learning situation, {};h
'\ as well as the ability to proceed at their own pace. Three stu- [}b
k dents informed the course author that for the first time during 1
8 their college careers they were able to ask meaningful questions '\g
in class as a result of reviewfﬁg‘termindl'pufntduts.i"In‘addi-' | 'if
tion, students expressed great satisfaction for Being_given’an 1} 3
oppou*u‘nity: to partiCiuate in a curriculum development project ,
with their classroom 1nstructor. This type of student-teacher’ ‘ *;’
association (at the larger university) is usuaHy Timited to |
e the graduate ‘student. | | s\
‘ Several students became bored after having worked at the il}
terminal for a few sessions. Discussions with these siudents '
revealed the fOIIOW1ng reasons for this situation: Inability -
to~proceed at the same pace as formal classroom assignments be» ;ﬁé
fffA cause of constra1nts on computer time andcfacélities, and neces- Iu,P

. ‘S\ :w 'E .
o sity to, in effec*, arepare "two" ass*nnments - one for actual

1These observations may not be applicable in situations ~ B
where students are exposed to CAI only. ‘ Eg
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course credit and the other for the research project. Demands

on students’ time in view of enrolimeat in other courses ‘thus -
accounts ferrpart of this reaction. Some stcde 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 "cperate a machine." Most stu-
dents subsequently adjusted to CAI .if they were permitted to

work alone, and if help was available in case of difficuity 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 l) to 1nvestigate the problems 1nvolved
with providing CAI experience for a number of students or a |
regular basis for academic credit, and 2) £0 gather data for .
1mproving the course based on student responses and reactions.

\‘ Random Assignment of otudents. The 36 students who enrolled

in Accounting l02 8 were stratified into “hree levels on the
basis of examination grades from the prerequisite course Account-

ing lOl The students in each of the stratified groups were

o

then randomly assigned to one of the field study conditions -
lecture, self~etudy, or CAI | Five of the students dropped the

course shortly after it started Eight students remained in

-
~

the. self—stndv group, lO students in the CAI group, and 13 stu-'
dents remained in the lecture group. A1l students received a

copy of the Course OQutline for Accounting 102 (Appendix E.3).
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Lecture Group. The 13 students assigned to the iecture
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.

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

study group. These students met in the lecture group one period
each week with the professoh and .were assigned to the Curviculum
Materials Center for two periods each week.. Appendix E.4 in- -
~cludes a list of related materials available in the Curricuium
':Materials Center. Table 5.1 1nd1cates the amount of time spent
in the Curricu1um Mater1als Center by each student who was as-
\signed to the self—study gro"p The students were not 1nformed
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 1nd1cates that some students spent con-
siderably more time than others in us1ng the spec1f1c references
placed in the Centere

CAl Group. Ten students were ass1gned to the CAI group.

These students met WIth the protessor and the rest of the cIass a

one period each week and were assighed time at the CAI terminal~
for approximateiy two periods aach week Appendix E 5 containe

a sample of the program with slides and tape- reco*ded messages,

and Appendix E 6 conta1ns samples of stat1c d1sp1ays
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Table 5.2 shows the structure and amount of course material
stored in the cemputer. The course is segmented.into chapters
for ease of handling at the Computation Center;ltheVer. a stu-
dent taking the codrse gdes directly from one chapter to the

next if he so desires.

Tabie 5.2

Structure of CAI Managemert Accounting Course

No. of- - Tape-~ No.of
Coursewriter No. of No. of Recorded Static

Chapters Tnstructions Questions Slides Messages Displays

1 93 . 62 39 28° . -
2 238 9 9 6 -
3 1006 82 - e 3
3" 800 33 6 - 6
5 556 29 5 - e
6 1046 10 8 - 6
7 046 . 81 - -- -
8 435 29 e ee e
g 593 - 88 - _— 7
Total 6556 . 423 67 34 23

P, ety

Pr—— M l‘("""""\ iy iy r—-oﬂ“

r—
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Table 5.3 shows the time spent on computer terminal by the

e e N
B Do - ‘

%%@ students in the management accounting CAI group.

B Table 5.3

jft Time Spent on Computer Instructional Terminal

<4 in the Management Accounting CAIl Group |

R Field Trial, Spring 1966

Dates ‘ | Average .,

Student - Beginning-Ending Time Hours/week“

N Numbev "~ 1966 - Hours-Minutes = Hours-Minutes

’ 6752 4/8 - 5/25 16 6 2 1
7326 44 - 5/26 w2 20
321 - 44 - s23 12 43 . 1 -3
7328 48 - 61 20 3 2 %0
7326 a4 - 59 18 S 2 8

o 7330 a8 - 6/ 21 10 2 38

& 7331 a5 - 5/M 12 50 1 36

| 7332 - 44 - 5/31 27 57 329
7333 474 - 6/1 26 8 3 16
7334 48 - 4/28 9 10 s 9

Total Time -—181 hours

Average time‘per student - 18 hours and 8 minutes

dcatculated 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 gount for

five represen at*ve, se1ected questions from the course. On

';Uﬁl"'}

the basis of the information from these five questions, it 1s
estimated that for the 423 questlons and related 1nstructicns
in the course, there are approximate1y 377,700 chara ers 1n

computer storage for the. nine chapters. ' | | {)
_ The entire question and related materials for each of [}ff

N f
b

these sample questi ns ic presented on the fo1lowing pages.
Fo]lowing each quest. ton and related mater1a1 is a table wh1ch'
shows the attempts which each student made ‘to answer that ques-
tion and the response latency for that tr1a1 This information

was obtained from student record analyses from the computer and {I
is representative of one of the benefits that an author can . |

derive from the computer in revis1ng and updat1ng course mater1a1.
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Sample Question 1--Management Accounting

Sequence No. Label Op Code

03-0110-000 int3-9 qu
ca

nx
fn

ca

nx
fn
wa
ty

un

o un

Argument

For contfol purposes, data
must be accumulated by
Fill in.

areas of responsibility

Correct.

-pa0//853//9G

areas of responsibility

Correct.
pa0//853t//50
areas of responsibility

Correct your errors; try again.

Remember the definition we
gave you a short time 2go?
It must relate to areas of

areas of responsibiiity

Sample Question 1. This question is a completion question.

The authors have anticipated only one correct answer But hdve

VproVided several means 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

= = oL

i
ad

b

{

=

c o ) )
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does match the ca, the student receives the ty and proceeds
to the next question. 1If the response does net match the stored
ca exastly, contro’ passes to the next function which is the
partial-answer processing (pa0) fonction. Thedauthors hare
determined that the student's response must match otileast'QO%
of the ca in order to be counted correct. The computer will
examine the student's response first using a string‘iength of
eight characters and then five characters and then three char-
acters to make this decision. If this oondition is not'met;
contro! passes to the next pa0 function in wh1ch the authors
nave specifxed only a 50% match with the stored "wrong answer
(wa). ") 1f the student' s response matches 50% ¢¥ the stored
wa, the student will receive feedback from the pao0 function
The computer will type those portions of the student's response
which were correct and dashes fer those which were 1ncorrect
In the event that the student's response does not meet the 50%
criterion, he then is presented with the unanticipated (un)
respoase 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% orjterion, he is presented with the fol-
lowing un which simplyngives him the correct answer to the
question ’ |

- Yable 5.5 shows the responses made by students %o this

particular question, and the response latencies as recorded

in student records. Seven of the nine students made the correct
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' 1
response on the first trial. One of the remaining students
made the correct responsé on the secaﬁd trial, and the«othgr
remaining student made a spelling error in his response which

meant that he had to type it again on +the third trial.
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Sample Question 2--Management Accounting |
Sequence Nc, - Label . Op Code ‘Argument.

03-0450-000 . st3-4 . . qu.: .. Wha* 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

1-
-

= -

overhead. Type it in,.

Incorrect: it's factory

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 matchés
exactly the ca or the cb. This flexibility saves a great deal
of clerical time, author's writina time, and computer storage
space by not having to repcat the ty 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
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the system wiil 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 correctuportioqs
/typed in black and incorrect portions typed in red. As%is o
standard procedure, the last operation code in the gu b;ock is
‘the unanticipated answer (un). B . .

Table 5.6 shows that eight of th ine Students responded

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

o

dent made a spelling error which could have veen counted correct
if the authors had decided to change the criterion level of thef
pal function. The need for chanoes like these become‘quite ap-
parent after student records have been ana.yzed. Hith this
present CAl 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.




Table 5.6

Student Responses and Response Latencies
* for Sample Question 2 from CAI
Management Accounting Course
Field Trial, Spring 1966

Student

Number © Triat1 - L1* Cteimt2z L2’
67551 - 1?fé¢£ér§1$§er;ééd' 7.0“ | A
7326 ~ factory overhead 10.2 | o

73271‘ | KfaciipyAOVe}héad“lllé | ’A 'factdry ove}head‘” 9.8
7328 factory overhead 9.0 Yo
73&5\"‘ :%dctbryfoﬁefhééd .11;0.

7330 s Lo;érﬁead' ;]f | | 19f0

7331 factory overhead 8.4

7333 factory overhead R

7334 -1_f§c£§ry‘overhéadi‘“8.7 j

qn seconds

|




"Sémﬁie_destibn_Q:fﬂanagement:Accountingﬁ

~

ééqﬁénce No. Label 0Op Code Argument
03-0980-000 en-7 ° . qu  If the following are three
o - | of the four parts of the
n;credit portion to entry C O,
what is- the feurth part?

'1cr. fe¢era1 income taxes
payable 15000.00 =

cr. ‘social security taxes .f-
payable 3000.00 ~ !

| cr.»union dues payable 1000 00
ca or. cash 92000.00

ty Cbrgect

nx . ;‘;‘“ i
fn 0207 /853//85

ca ér. cash 92000.00

ty . Correct
- un Ke have to pay out cash
, don't: we?

un cr, cash 92000.00

Sample Question 3. The authors have followed the same.

procednre with this question as with ‘the prev1ous question{
However, the responses th: 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 coursq Some s*udents requiyred five trials before making

the correct respwnse.'
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Sample Question 4--Management Accounting

Seqoenoe No. Label Co Code Argument

04-0380-000 int4-28 qu ‘ Nho requisitions the mate.ials
R - - and therefore controls or has
_authority to control the
cbtaining of materials from
the stockroom?

,Céh’ foreman _
cb' | ,foremoo | |
ty Cprroot.
nx -
fn " pooilisrllso
: | Qi | jforemen |
o . - ty . Correct.", |
! I | . | un “Incorrect. Try again.
‘ .jﬁp‘ i,Didn t we go over the poiot

earlier? The foremen :
in the production departmentc
are authorized to issue -~
materials requisitions.

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

rect resporses to this qoestion. If the Student makes either\ |
of these correct responses, he will get the foodback “correct."
The author has also provided for some degree of misspeiling by
using the paC function with criterion level of BO%f If a stu-
dent does not reach this criterion, he receives the first M

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

P R .
e - - e g ovesrbotiste i it st
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level, he receives the second un which contains the,correqt.

\L,_Jc::'zt::l

- ansvier. Table 5.8 presents the student responses and response

latencies for this sample question in the management acconnting

course. ;1n checking this portion oT student records. Student
7330 presented a'slightiyfdffferent probiem. On trial 1 he made
a correct response:?on “yial 3 he made a correct response with

‘an incorrect response on triai 2. An inspection of the times

!
J
i
. and dates recorded in student records revealed that the student
responded correct]y to this question the first time and tren ’[}‘
s1gned off. He returned the following day to coatinue with hig [}
study. In the event that a student signs off in the middle of
a segm¢ ,t and then eont1nues at a future time, the lact question [}
‘presented to him before sign off will be presentrd again at the
beginning of the next sign -on of that segment. Th1s provides [}
a slight amount of overlap 1n the work that a student Joes in’ ﬁ

the program but also provides some review for the student who

is signing on to ‘the program.

AL o AL ASAIRARS AMMSE Ak R N R G f WSS o ek ehida = o __ N -
= = = T T e iy
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Sample Question 5--Maragement Accounting

Sequence No. Label Op Code Argument

03-1000-000 en-2 qd Nhat is the debit portion of
entry d o?

dr. factory overhead 17000.00

©
o

ch dr. factory overhead control
17000.00 -

cb dr. overhead 17600.00

ty Right |

nx

fn pa0//853//85 )

ta dr. fnctory overhead 17000 00 .

“ty Okay |

ny

fn kw//3

wa dr., factory , ovefh°=d

ty | The account is factory ovér-

head, what is the amount?
Remember eatry b ¢ and the
fact that total factory over-
head per the ctatement is
28000, Type the entire debit
portion of the entry as

your answer, piease.

Sample Question 5. This ou stion presents an example of

the problems involved with programing for mu1t1ple ‘word answers.
- The first correct answer (ca) and the first and ser”“d correct

answers (cb) provide ‘the exact answers in storage which the
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"

el
wuUwe

tudent might be able to match. However, it is very unlikely
A

7
(e

d enter this vesponse cxactly as the-author

.23
-

H]

hat a stu i

had pianned it to the extent of changing abbreviations o spac-
ing or even the order of the elements in the answer. Therefore,

. the author has provided twe other processing functions to allow
variation in student responses. The first funetion (paO) pre-
sents the same answer in the‘fo1§oﬁing ca but requires only an
85% match with the student's response to be counted"as cerrect.
This function in addition to allowing variations in'the'eequehcing
of the elements in the response would also allow fof slight mis-
spellings within any of the elements. The following funetidn
(kw) allows for the changed sequence of the three elements but

will not allow for any misspelling within the three elements.

:"

student records presented in Table §.9

It is apparent from the
that the auihor is aiiowing some responsesfto be eonsideredg ‘
correct which essentially are not coreect'A The partial-answer‘
processing requ1r1ng only 85% match allows enough flex1b1lﬁty |
in the student response that the $17000 does not have to be
;,_ matched precisely. Student 7328 enterea $18000 and was permittn
to proceed to the next question. Likew1se, student 7331 entered
13,000 and'proceeded to the next_quest1on= At this pe*nt the

authors are more concerned with the comcepts involved in management

-

accounting rather than in the specific details of amounts and

- values.




Logm ol

nnnu nunu nHU = mttu nuuu nHU nHHu o mHHu -l_ f T i Bl el

B i SR -

,mvcoomm ul,
. 00°000Z1
6°9¢ _ peayssro Aa03dey °4p , 1A% YA
- : 000L1L _ 0008L
2°69 peayusaAao Aaojoed °u4p b9 . §S9204d UL YAOM 4P csel
00041
L€ peayasro Kaozdes °J4p rAx A
Qo° cocmp@ -00°0001L2%"
6°6< bmmzsm>c £a032e4 °Jp €°001L 'ss9204d up YAOM °4p LESL
00°00082PE3YLIA0
€°8¢ ) L°8L £40312e3 panadde ‘4p 0€€L
00°000Z1 - 00°000%LL
v° S8 PEayAdA0 AX03D%4 °4P 0°LY LLoafed panadde °*4p 62¢€L
00°00081 ,
L €L peayasro Aaojdel °4p 0°6¢€ 00°0008¢ ssad0ud ul xaoz 82¢L
- l cc 0002L%$
9°62 peayuasaro Aao03dey °4p L2€L
L° L9 cc.coahp.vmmgsm>o Aa03d0e4 92¢l
- 0G°000L1L
o°8l vmmssm>o A410300e4 .sv: 2GL9
el 2 Leidl N I - © L LleRAL 43quny
: g L juapnis
. 996l Butads ©lelAL PLALS
: asano) Buijunodoy juswabeuey IyJ woad
G uorisand ajdwes 4A03 sajduaje’ asuodsay pue mmmcoamvm p:mv:&n
6°6 aLqel |

R Y el




87

Results of Field Trial

The criterion measures on each of the students in the manage-
ment accounting field study are presented in Tgbie 5.10. Bacause
some of the studeants involved in the field study were'gfaduated
at the end of the term, withdrew or transferred from Penn State,
retenfion test cduld‘not be administered and scores are not

available.

i D e o s ey T AP A ————— —— - e




88

| ~Table 5.10
Criterion Measures of Students

 in Management Accounting Field Trial
Spring Term, 1966

2 Laavl v L

A .. Exam Exam Home - ~Final  Retention
Student I 11 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 C- A C 50
6 F F F F 27
7 C C- F C --
8 D D- F D --
Lecture
Group
9 C C- A B --
10 D D- F D 26
[} 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 36
20 F F F F 27
21 F WF F WF --
CAl- Group
6752 F F F F --
. 7326 D D F D 50
7327 F D+ F D 15 .
7328 F D+ F D --
7329 F F F F 8
. 7330 F F F F -
7331 C D F D --
7332 B C- F C 20
7333 F F F F 28
7334 A C- F B 33
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.CHAPTER VI
ENGINEERING 'ECONOMICS
(Carl R. Moss and David A. Gilman--Course Authors) .

The engineering economics)(engecon) course prgpared|f0f
tAl was for advanced undergraduate and graduate students~pre-‘
paring for careers in industrial engineering, other engineering
specialties, or business. The course included probiems in in-
vestient, equitable return, and cost methods of analysis.

fhe CAl program for engineering economics utilized visual
material in the form of slide préséntations. However, the princi-
ple cdmpbﬁents of the co&rse were static displays and studant-
computer interaction.

The strategy .of instruction for the program used the fol-
lowjug’basit &Esumbtions: |

1. The solution of numerical problems is both an

: _aid to and an indication qf understanding of

‘economics concepts.

2. Remedial instruction should be contingent upon
the type of error made: by the student.

3. Active participation by a student produces a
more effective learning experience. ‘

4.'~Knowfédgé of one's progfess 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
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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 amphasized the necessity to phrase qués-

. 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

conductgd during the summer term of 1966. Ths 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 reactions.

Random Assignment of Students. The 20 students enrolled

in the class were randomly assigned to one of the field trial
conditioné - l?ecture,"se]'f-studys or CAI. A1l students enroilled

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

appeavs in Appendix F.1.
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. -
Self-Study Group. 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 prefessor and were assigned to the
Curriculum Materials Center in the College of Education or tbe
Engineering Library twc periods each week. The special reference
materials which were placed in these locations for individual
study are listed in the course cutline for the course (Appen-
dix F.1). | |

;AI Group. Six students were assigned to‘thé CAl Qroup.

These students met with the professor and the rest of the class
one period each week and were assigned time on the CAI térmfnal
w%f’ for approximately two periods each week. Appendix F.2 contains
g a sampIe of the CAI engineerjng economics program and includes
“samples of the slide display and tape messages in the program.
| Table‘ﬁ.l shows the structure and amount of course material
stored in the computer. The course isesegmented into chapters
for ease of handling at the COﬁputgtion Center; howevér; a stu-
dent taking the course gbeS direétly from one chapter to‘the
next ifﬁhe so desires. Table 6.2 shows the time spent on in-
strucfiona] terminal for the students in the ergineering economics
CAI group. | “ B
;J Table 6.3 shows the characier and operand code count for
\ five representative, sélected guestions from the course. On
the basis of information from these five questions, it is esti-
5%ﬁh maied,that for the 794 questions and related instructions in
the course, there are approximately 396,137 cha}acters in ’

computer storage fbr the six chapters.
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| Table 6.1 [
~ Structure of CAI Engineering Economics Course
" Field Trial; Summer 1966 ' {
~ 'No. of , , No. of ko. of
: Coursewriter No. of No. of Tape ~  Static
Chapter Tnstructions Qu's Slides Messages Disp]ays
engeconl0] 356 “ 28 5 7 8
ee? 1142 - 173 - -- 11 {
cal 961 78 -- -- 22
engecon104 769 - 61 .- . we 7
engecenl0d 589 | 51 -- L 11 [
engeconi06 - 323 403 .- -- 2 ,
‘ ' o : &
Total - 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 i
Dates Average . L
Student Beginning-Ending Time Hours/kaeka
Number 1966 Hours-Minutes Hours-Minutes t
0628 , 6/29 - 8/9 ) 13 33 2 16 )
0031 6/29 - 8/10 8 31 1 25 {
0037 6/29 - 8/2 17 6 2 51
0125 6/30 - 8/9 ~ 2 22 2 4
0961 ' 6/27 - 7/21 9 23 1 34
G967 6/28 - 8/2 10 59 1 50

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

qcalculated 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

seiectedisample questions are presented on the following pdges.
This field trial was conducted partia]ly on the~7010\computer'
looated at the 7. J. Watson IBM Research Center'tn‘Yor&town
Heights, New York and partially on the 1410 computer located

t *he Compute on Center on Penn -sate Campus.L Therefore some

of the data which is normally available Yrom student records

"~ were aot available for this field trial. Fo14owing each ques-

&
|\ * 11

which eacl student made to answer that question.e This s an

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

| 3puter for revising and updating course material.

sn and related material is a table which shows the attempts .

o O o o ) D .
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Sample Question 1--Engineering Economics

Sequence No. Label  Op Code Argument

rd Nhy is accounting 1mpdrtant ‘

. to economic analysis? Write
a statement or 1ist on a
piece of paper. When you
are finished (EOB)

rd

ty Your statement should be

- something 1ike the following:
Historical cost data, assets,
liabilities, and ownership
are found in the accounting
reports of an organization.

Sample Question 1. Thts\par -cular question has a unique

va?ue; it demonstmatec tnat‘essay questions can be presented
in CAI cven though the author does not get spec1f1c data on_
“the student s response the student does gain some benefit by
being questioned and respondlng in a free ‘form. The computer .
'system cannot accommodate a response of more than 99 characters,
tnerefore no student recoros were available on the responses

to this particular quest1on.'
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Sample Question gpfﬁngineéring Economics

Sequence Ng.  Label " 0p Code

1-9 ‘ qu

nx
fn
- wa

ty

4%ts production.

kw//2

 #$42500 #2500.#2500 #2,500
. #2,500.#017avrs 0 - 0 o

Very good. 32,500 repréééﬁtsu
~id4sy if & jig did cost $2,500

without the jig as with the

-that could be paid for the

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
How much

can be paid for the jig,

the product stili not costiig
any more, if material and

all other costs .emain the
same? :

the break-even point; that -

it would cosi as much to
produce the 1,000 parus

jig. - $2,500 is the maximum -

jig without increasing pro-.. -
duction costis. ~

1-10

kw//1
#2500 #2,500 #2500.#2,500.

Incorrect. Be sure te type
hoth number and units. .
Also, be sure to space
between number and units.
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Sequence Ns. Label 0p Cod Argument
by 1-9-1-1

un - Your answer is incorrect.
Tonan -n
ITY againi.

un Incorrect. Hint: The

N J : _ break-even: point of -both -

] T alternatives will give you

o S S . the amount you can pay feor
the jig. Try again.'

\

,unn | The correct answer is
X $2,500, Type $2,500.%

Sample Quescion 2 question 2 illustrates some of the ‘,,.e

problems involved in processing n"merical answers. T.e correct .
response is processed using a keyword (kw) function. The func-\ﬁ:
tion specifies two key words which ne student must match iThe"
following correct answer (ca) inci udes all of the forms of the

corprect answer which the author is willing to accept One of

*

ke correct words whicn h author is assuming will be present

1D

«abe

B s @ithe » the dollar sign or ‘the word doilars spelled gut. Th

- 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 ¢ 'ese
key words he receives the following typeout (ty) a~d is branched

L ~i;o:..the next question. The author has also anticipated a wrong

| *N.B.  Material in italics indicates this will appear in
. red on the printout. |

¥
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answer (wa) which he ass nes will be the absence of the.unit,1"
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 wil1 receive in succession. “ | |
Table 6 4 presents the respon 11 which students made to

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

- sponse the first time. bne of the remaining students required

three triais 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

7imbedded the correct response within a sentence. Because the |

program was wr*tten to incorporate the keyword function the
«ey word, i e., $2 500 was .aken from the stuoent s answer and ,’

accepted as correct by the system.
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Sample Question 3--Engineering Econorics

Sequence No.  Label  Op Code Argument
rd Read paragraph 03- 17.’ (EOB)
c17-2. o
qu ~ How would you write the

equation for the general
gase of the cost funct1on?

nx
fn kw//5
ca . #c#=#mg#Mg#mG#MG#+#b
ty ;:>Good
S (} o
fn kwo//5
' wa #y#= #mx#+#b
| ty : This is the genera1ization
- for a straight line. What
- would y and x be in the
cost functlon 1. .Try again.
un Hint: substitute c and g
for y and x in the general
equation for 2 straight
line. :
" un > . The correct answer is
o - c + mg + b. .
Cbr o ci7-3

Sample Question 3. This question 111ustrates another im-
portant variation of the keyword (kw) function. In numerical

rasponses it is often very important that the_key word elements
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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

CoL TR e T AT TR L CETT IR e e e,

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

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

D 2

the fun »tion will compare the student's’ response for processing
Deliniters 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 doliar 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

[ =]
-5

in the proper order regardless of whether trey 're_uppercase
lowercase characters and regardless of whether or not spaces
have been inserted between them -- ¢ = 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.g The author has prov1ded for two unanticipaaed
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. '




q + bw = 2 E .Haﬁcsuu q + Xt = 9 8200
Q% by B3 /38 % # 350D 4y by | )
L L . x3/4d % # J R X9zh9 # 2 qRp xw § £ {200
~ a+bu=3" - qebw=d - qexu=k L600
‘ - q4Bw=o JoQe| 333ULp SO
P : - BOiL3I9SuUL+AILALIOR
. : ut abueyd/aoqey
. o 1 - 39941p ul sbueyd=>d 1960
_n+msuu‘. N ﬁ u%+a+csuw | Ha+cano L£00
b Lerdl LI LICTN L Letdi  4aquny
.. : T juapnis
7. 996l J4awung ‘lefal PLILS w
~3S4N0Y SO twoucd3 buguasaurbul Jyd wodi
¢ uolgsand ajdues 40j sasuodsday 3Juapnls
; o g9 aLqeL R




103

;_f Sample buestion 4--Engineering Econemics

Sequence No. Label Op Code  Argument

e9-7 au What i¢ the present value of
- the capital recovery pius: =

return on invesiment of the

~second year of the sum-0of-

digits method of deprecia-

{;‘ tion?® :
-;7 X
ﬁ fn 1c//6
ca - $2783.03
ty Correct.
nx
) fn ic//1
ca.  $2,783.03
ty | COrfect, '
an Incorrect. The desired
o ya1pe 1s foynd by: N
’ ty '$3]é7 (0.8900) = $2783.03 |
- | ty, ) ; Give,the correct answer.°;
Q': | ; j T Try again.f o -
| | | un The cbrrect answer }s;
$2,783.03. Type $2,783.03.
rd Read the last page of

paragraph 05-09. Then
press E0B.° SRR

°Indicates a programed ribbon shift command which causes

L

student's response to be typed in red. | f
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sample Question 4. This question illusirates two 1nterv,.

esting strategies: 1) ribbon shivt to cause the student's re-
Sponses "to be typed in red and 2) initaa! character proceesing“
for numerica] responses._ The author has ynder his control the'
, coTor of the ribbon which wiil be used to type responses anrd
: material fnr the student.‘ By providing & ribbon shift command
%; at the end of each sequence which is to be typed by the system, |
i the author can cause eli student responses to be typed in red. -
The .ribbon shift command_consists of two characters, one non-
{brinting character 1denttfied ”prefixfwfollowed by either a
| {meaning shift to red) or b (meaning shift to black). The argu;
; f , ment for question 4 is followed by ¢he non-printing "prefix®
‘and the character a. The ty'follouing’the first un and the
second un are both followed by the prefix a characters whlch
change the: riboon color to red and give control of the terminal
to the student. The ribbon sh1ft feature §s also illustrated
in the final un and in the following rd statement. In each case
the student is told to press EOB, which js the signal to the
,Qf' systen that the student is ready to proceed and the ECB is pre-
, ceded by @ “prefix a" sequence and foliowed py a "srefix b"
'lnn ~ jsequence This causes the ribbon to shift to red before "EOB"
’  v\is typed and then shift to black for the following typing. This
. inexibilicy is quite desinable when the author wants the student
dtu type a part1cular yesponse or to respond in a particular way.

Authcrs have encountered problems occas,onally wnen:etner teéhniuues
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were employed for indicating a particular and specific'resnonse
that-the student should make., For example, some authc%sahave' |
tried underscoring the particular response the student should
mahea and others have tried enclosing that specific response in
quotation marks. The results of these attempts uere that‘if
the author had underscored the answer, the student nouid‘under-
score the answer; or if the author had enclosed the correct
answer in quotation marks, the student would enclose hic response
in quotation marks. In most cases, because of the Jnclusion of
these exira characters, the response wiil not be accepted by the L
system as a corvact response The ribbon shift fcature has the
advantage of presenting the response exactly as it is to appear

except for color over which the student has no control 7 |

The second interesting feature of this sampls question is R |
the 1nitia1 character (ic) function. The first ic function f it?'iegfsi_‘>
speci’1es six characters which must match. This function is i
followed by the ca upon which it is prccessing - The figure 6
in the ic {nnrtion specifies that the system will match the stu-
dent's response only to *he first six characters of the stored
ca. In this case it means that the system would ignore the last ’
two characters, 03. Tue following ic function specifies seven -
nharacters which must match.\ This function will aiso ignore

the 03 (three cents)‘at the end of the response but a!]ows the\~ |

st.dent to include a ccmna separating the hundreds and'thnusénds; ,
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- -Student records for this question (Table 6.6) indicate that:

s Y e S s

it was a-relatively easy question for the students to answer
and that the initial character functicn was operating to good

'advantage.

Table 6.6

Student Respowses for Sample Question 4..
from CAI Engineering Economics Course
.. :Field Trial, Summer 1966 .

Student~~a

Number teial 1 telar 2z Trial3
0031 ) §2783.03 o B R
o028 s2783  se1es.03
soo7 , 280 2783.03n-  $2783.03
0125 »:fﬂ,;f Cseam s7es.03 D
s sersses




Sample_Questidn 5--Engineering Economics

Sequence No, Label Op Code

f105-01-20 rd -

ty
f2-1 rd

f2f2 qu .

nx
, fn»

ca

B,
. —?
.

~ Argument

06-‘020 ,;
Read paragraph 06 02.

 (E0B)

The company described 1n

-paragraph 06-02 probably. .

expects at least 10%

‘return on’ 1ts investment

because:

a. It can get at Teast
this much in some-“
other ‘type of °
investment. =

b, Anything under’ 108

107

-would not be: considered

‘by management as.
"enough veturn to

Justify the invess47 B

7went.1m

Oy BOth a and b. b

d Some other reasgn.

Answer as a, b, e, OF 4.,d7’

kw//1

# C

., is correct. Both z o
and b are very closely re-

lated. Managemen: will

probably rot accept any-:’zi

. thing under a 10% return
if it can receive at least

that much in some otuer h
investment. ,
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for a response and then reaffirms the'correct answer by . prn-«-

viding the ty.. The ribbon shift featnre is used to empnasize

| the particuler ftems which must appear on the student' s response.

ff;f\ Multiple cnaice questions have been fnund to be very usefu1

.,.;

o

£ do is reduced Tnis eliminates much frustration for some stu-

.dents and.- allows them to proeeed smoothly through a course.
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‘Results of Field Trial

Table‘s;s pfé;ents tne term in httepgance, grade poiat
average, and'pérformance of students in the engjhéering ec6n9mics
field triai. Two essay tests were administered to thé stuﬂehts |
during the term. The scores’On:thesé were converted to;T'écbres
and an §vér5§e T score was derived from'the:tnb_indepgnqehf 1
scores. Table 6.9 presents the mean and'standar& deviatidﬁs, -
compiled from the aierage T scores for"éaéhﬂgraup iu the ghgi- -
nesring econdm{cé field trial. A one?way'aﬁaﬁﬁéis of variance .
on average T scores'was performed. The resylts are shown in
Table 6.10. - S

P
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Table 6.9

Mean and Standard Deviations for

Lecture, Self-Study, and CAI. Groups

Engineering Economics Field Trial
Summer Term, 1966

kA
- -

Compiled from Avergge T-Scores “ .
| Lecture Self-Study : CAI

47.18  s4.20279  49.5
4.58220 9.53628 ©8.08649

Table 6.10

One Way Analysis of Variance on Average T-Scores
for Engineering Economics Field Trial
Summer Tevm, 1966 |

: o | Sum of . Degrees of Mean
& - Sources Squares Freedom Squares | F

- qugps,“:,’ .. ]54030600 L : | 77015306 “ 1;i4016 ti\‘ i
© Within ' 1150.36300 67.66841 - |

Total  1304.66900
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~ CHAPTER VII |
MODERN NATHEMATICS ‘
(C Alan Riedesel and Farilyn N. Suvdam-»Course Authors)

The strategy of instruction fon,the modern mathematics
(modmath) program was’ based on several assumptions concerning _'
the teacning-iearning process. These were. - | - |

1. Mathematics is best learned whew stadents are
encouraged to discover the basic ideas,. laws,
or principles of mathematics. Thus, students
. should be given a chance to:-solve & new prob- =
“lem: themselves rvather than first being “shown“ S
or told how to solve it Co

R The reason for studying a topic should be made
vciear by the manner in which it is introduced

.'”3,:*Individuals vary in their receptivity fer
SN ﬁiearning,,\ )

4., Effective learning is continuous and develop-

- mental in nature; thus, previous generaliza- <

tions and facts are helpful in developing neu e
genewa“;gftnn \ L

-8 Continual failure by an individuai is not
, _conducive for effective iearning.

'\fSQ.fActive participation bv the student tends to 1
’ prooece an. effective learning experience.

Lff7; aKnowledge of one's prograss. contributes to -
‘ effective learning. . ‘

“_‘ A be‘ief in these assumptions Ted to a teaching prOcedure_“
in which the stodent was presented with a problem fhat could
‘ be soived by his use of previous knowledge and his thoughtfui
'discovery of the next step of knowiedge in the subject._rihis,

; ’”approach could be caiied an inductive approach A_dedoctive ;
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approach is usually used in programmed materials. The following

diagram conirasts these two approaches to teaching mathematics: @]_

Deductive Approach

Inductive Approach

Student is.presented .

wlth a problem.

If problem is solved |
by student, he is led

to refine his proce-
dure for soiving .-

problems of. tnis . -

1f student cannot
.solve probliem, he

is asked develop-

mental questions

which lead to the

“Student: is presented

generalization.

el et

“Student is qnizaed

cancerning aspects:
of the generaliza-
tion. RN :

type. - solution. Stuéent jStudenf *s pre-
o v - - splves simiiar . sented with illus-
Student is.asked to. .-problem. “trative:problems

develop a generali-
zation.

0
,,,,,,,,

Student 1s quizzed..
concerning aspectc
of the g¢neraliza--

-4n which the pro-

cess of solution

1S explained to him.

| ﬁvStudent applies the

. generalization to .
(solving problems. R

in the modern mathematics cﬁl course the use of a teaching

utechn1que similar to the 1nduct1ve pattern was attempted. An

lllustration of such a oattern for classroom use is as follows° .

Porpose ow the lesson'

The teacher stated.
involVlng the use of rational numbers in several ways.‘
us see £f we can fnd a more efficient method of solution. !hat;v‘

are various ve i which we can write 6 & 3/4?" |

The followi
‘ - (a):

"6‘ 4"3,')4, SN

To develop an understanding of ‘the
_use of the inverse {reciprocal) in

.-dividing rational.numbers.

“We've been solV1ng division problems |

(b).

Now let

PO
§ LY
sy t

nays were suggested by the’ Students. a,aﬂg

- P &
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The teacher said: “Look at‘fonm (bl';"gf". Hlf wé could .
reduce this fraction, we could solve the problem. What wonld
pe the denominator that would make reduction of the fractlon
simplest to perform?" |

Pupils suggested that the easiest fraction to reduce would
bega,fraotion+nithye denominator of 1. The teacher asked: |
"How could nelchanqe the,d eminator from 3/4 to l?“ o

,~ students recalled that by multiplying by the inverse - the |

reclpr eal of 3/4 which is 4/3 - the denominator would be 1.
Pupils then said that lf the denominator was multiplied by . 4/3,

the nunerator would also have to be multiplled by 4/o (an apn1*~

~~~~~~~

,,,,,

wnicn is l..:«m%_ ls.inother name for l)elmg';,.sqao"lff

The resultant oroblem was wr1tten on the chalkboard 1n th
S .n*gyx”
3; * 3

Students contin to worx divxeion problems ln thls manner for

S

a time.- Hhen ‘the teacher felt that the students had a good
understanding of this. approach disrussion and guided questions
were used to develop the idea that it is not actualiy necessary

to write all of the material - actually, 1nvertino the divisor B




hatnd b
1 N % N
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f accomplishes the desired result. Thus | N - g;fi
: 5 4 %.a 5 X % =10 B o »d:,iv\{izi
l—':"f’ T 2, N
~ A teacher using a deductive format for the teaching of P
‘ ; tinversion would kave first explained the approach to the class ,\‘iﬁ;f

i ,and then had the students practice its use. SRR ”f7‘3:' au ,;;t‘d;fgi
, Certain problems arose in applying the inductive tecbnique | ‘xiif‘
to the writing of tne modern ‘mathematics course. Intt’ hy, - ;
to transfer 2 conoept of an ideal situation to a programing ‘mode B ‘;
.nas diffioult because of dealing nith an imaginary student., It | nigéis

.was especiaily hard to anticipate student answers, the possibilities | 1Fd:¥
‘seemed infinite at times. There was the tendency, therefore, - ‘ Eih
E - D write a linear pattern w1th many multiple choice itens.\ Tne,n:5 ,{'%{f
iinear pattern oave assurance that everyone would see the (some-‘ ijih
times) clever things that had been written., The muitipie choice o i%{j
iten limited the student's choice and therefore the diffiC‘ ty 1:ii‘
of having o eal with the unanticipated when, by definition, | , %%
it could not be anticipated. Partia'l answer processing functions ‘
e helped to resolve this problem ‘'wheén they became avai!at‘ i n\%Qﬂ
_1Another difficulty in a course designed primarily for future vytagik
tteachers was finding ‘real 11fe situations whicn made sense to o

Wrres o S
kA
s F

1/ ."-

aduits and also which could be ‘applicable at an elementary 1evei'

. .Transfer to a reai eiemen*ary classroon situation vas essentiai,

———
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| fture - in short fhe needs of individual students - had to be
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hopefully, the method by which the materiai was taught to teachers

wouid affect their own teaching procedures. o
Some difficuity was met in determining "size: of steps“ in

asking the questions which led from one point to the next This

‘1nvoived a value «udgment, and it was found that step size varied

ﬁ."it" the tYPe of materia:.g |

Determining the patterns of learning for various students,

‘wwas an even greater problem. The amount of practice and remedia1

imateriai. the type of vocabulary, the type of iearning strucmﬂ

( .
:

considered.. Some branching opportunities were provided on tne

_basis of each of these vcriabies and more shouid be added as f

‘““iadditional student records are anaijzed

Traditionai materials provided littie real help except for

'basic content guides since they operate from~a oifferent frame~

xwork. Meaningful probiem’situations are aenera!ly iacking in |

\

them- deductive, ruiemstating approaches ere frequentiy used

;there is«a heavy emphasis on vocabu!ary rather than on concept-

,."

i'formatton.i We visuaiized the best type of teaching iearning m'
adsituation, on the other nand, and tried to lead the student to |

~idi ouer concepts and broader principies. .

He feit hampered because the system handicaps a student

~:‘;','finheing "creative“fQ he has to conform to oar expectation of

'VJ-vahat ansners were probable, possibie, and aeceptabie. Struc» ‘f

315:?f~tu;inq:t e program through an “inductive“ or "discoverj" approaph
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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

ether discussion situations to ailow questioning, even more in-

ductive problem-solving, and creative thinking.

Development

The CAI modern mathematics course provides the backgﬁound
for understanding mathematical content and concepts of the sys-

tem of real numbers and its component systems, including basic

- [Sd rj
e N -
" ‘
. N - .
A < A N

set theory, varying numeration systems, Opefations, properties,

and algorithms. The program was developed with reference to

! 2.%\
i . . ek
v
. S

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 {If
was a great deal of material to.program. The pressure produced |
by volume was Eompounded by time ~ the need to complete the en- Ej;
tire prbgram within the specified number of months. Because x
of this'pressure. much more of a Skinnerian or linear program f'
(with comparatively few branches) resulted, and the potentiél
of CAI was perhaps not fully utiiized.

However, a final qutcome was a course which “runs® and from
which students have 1earhed. In fact, two parailel courses are
avai]ab]e: one wﬁiéh is identified as mavmath has tape-recorded
messagés and random-access 2 x 2-inch slides contfo]]éd'by the ;jf
computer (see sahp]e of program, Appendix §.4); the‘oiher:iden¥

tified as modmath uses a book of static displays in lieu of the

T e A e e — = cxgicen Prryy o L~ e e~ T———
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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

n
additional functions and to restate some directions for the mav-

“ math program.

' While the details of the procedural steps used ir developing
the program.differed for each chapter,’they are hpprok%mated as
follows: |

1. Develop outline with the amount of detail
differing with the topic. Use was made of
two basic socurces -- Theery of Arithmetic,
by Peterson and Hashisaki, and Arithmetic,
Its Structure and Principles. by Mueiier -
and many additional suppiementary references.

2. Delineate principal questions,‘which led to
development of the content of the outline.

3. Complete the writing, using Coursewriter
jnstructions, branching to meet individual
needs. . . -

i? 4. Reread, then rewrite; reread; then rewrite -
| generally two or three repetitions of this

g -were involved at this stage. Discussion

between the authecrs was important here as
at other stages. , .

i 5.° ﬁave program typed; reread for accuracy
" ] and make any changes apparently necessary. .

-y 6. After the program is in the computer, at

Y " least one rereading is necessary, reading

i for errors in input and any other errors
that were apparent; then rewrite.

7. After students worked through a section,
= more revision was done with reference to
Ne their commants and answers, wnich were
analyzed and evaljuated. (Continusus .
- : ~ evaluation and rewriting was, ebviously,
. necessary!)

rovided by ERIC [[PRES - o R PO P S T
A - o E r
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Field Trial

CAI course is presented in an article (see Appendix H.2) written

‘A description of a field trial of the modern mathematics

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. 1In addition to the course text, other refer-
ences were used as content guides in writing tne pro-
gram. The material was divided into fourteen chapters,
with the following indicative titles: Sets; Relations;
Exponents; Our Numeration System; Other Numeration
Systems; Whoie Numbers: Addition, Subtrasction, 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 pattarn? , .

"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 resuits
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.

"A11 students in the section met together for
one standard 75-minute pericd 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-aiuthor of the CAl 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 greup met twice a week
for class periods of 75 minutes each. The instructor
developed the mathematical conteat inductively, to
parallel the premises of the CAI pregram. The CAI-
treatment was scheduied 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. Tabié 7.1
shows the structure and amount of course material stored in the
computer for the mavmalth 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 reﬁresentatﬁve, 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

characters in computer storage for the 14 chapters.
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Table 7.1

:t*ucture of CAI Modern Mathematics COurse '
: Fieid Trial, Spring 1956

, No. of
> No. of | -~ Tape
~3 Chapter Coursewriter No. of No. of Recorded
f' No. Tastructions Qu's S1ides Messages
1 1 642 66 A 22
1 2 510 55 6 1
§ 3 351 44 5 6
3 4 243 22 4 4
5 1377 139 25 17
8 6 1466 143 -39 35
7 1116.. 119 30 16
B 8 1132 118 33 9
9 1017 102 24 3
10 642 72 10 2
S 11 1200 127 10 5
. 12 661 64 10 0
3 13 663 55 19 7
d 14 745 65 22 12
Total 11765 1191 258 138
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ig\ Table 7.2

Time Spent on Instructional Terminal by
Students in the Modern Mathematics CAI Group
Field Trial, Spring 1966

‘51 Student aegsnﬁﬁﬁgfsnaing Time, .. . Hoﬁigyﬁggk i
'L; !Ember 1966. . | Hours-Minutes Hours-Minutes AR
: 0030 179 - 6/10 17 10 1 54 &
‘4 0031 4/9 - 6/8 24 31 2 83 -
] 0032 . 4/9 - 6/8 28 50 3 12 .
‘ 0022 4/6 - 6/8 29 27 3 16 )
0024 4/7 - 6/6 29 . 26 3 16
0029 4/12 - 6/8 29 41 3 18
0028 4/7 - 6/3 21 6 2 19
0025 47 - 6/6 24 45 3 a1
""" 0023 447 - 6/3 27 9 3 1
g 0033  4/9 - 6/7 27 33 3 4
3 Total time - 259 hours and 28 minutes |
' Average time per étudent - 25 hours and 53 minutgs | ;

aCalculated ch the basis of maximum number of weeks (n1ne) on
term1na1 by student from tke group.
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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 tabie which
shows the attempts which each student made to answer that B

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 =

norm211ly available from student records were not available

for this field trial.
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Sample Question 1:~Moderh Mathematics

Sequence No. Labe]l Op Code Argument
06-0300-226 6-45-8 rd |

fn s1ide//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 yves

Sample Question 1. Slide number 12 is presented to the
student and the system waifs 10 seconds for the stident to ex-
amine the siide. 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 twe words, the first consisting of "y"
and the secoﬁd consisting of "es." The keyword function ex-

amines ¥or two rasponses. This procedure atlows the author to

= b P A g
T T T
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igrore uppercase or lowercase letters as part of the response.
The response will be counted correct whether or not it has been

capitalized.

Table 7.4

Student Responses for Sample Question 1
from Modern Mathematics Course
Field Trial, Spring 1966

Student

Number Trial 1, Trial 2 Trial 3
0022 yes

0023 yes

0024 no yes

0025 ne yes

0028 . yes

0029 yes

0030 yes

0031 yes

0032 yes no yes

003. yes

e | oA ik et AL et PEAL ki VLA, e 20, o At At 2 o 1 AL 8. s,
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Sample f:: . :1wa 2--Modern Mathematics

Sequence Ko. Label  Op Code  Arguient
8-43

08-0600-010 qu After multiplying the sum [1 
of the raised fingers by 10 N
F and finding *he product of |
; the closed fingers, what two =
| numbers are added when you {]‘
g ‘are using the finger method ;
g | to solve 6 x 6?2 [1
, 'nx -
- |  fn kw//3 N
ca .20, + L16 o
ty Correct. {}f
nx {]'
fn kw//2 :
- ca .20.16 ]lf
ty Yes, 20 is added with 6. |
un One finger is raised on each

{ hand; 10 (1 + 1) = 20. Four
fingers are closed on each
hand; 4 x 4 = 16. Therefore
we will add 20 + 16. Type
20 + 16,

L)

Sample Question 2. Keyword functions are again used in

this question to examihe specific elements‘which should appear

3 D ) 3 e

in the student's answer without regard to order, spacing, or

punctuation. Periods have been used as delimiters to separate

.
o3

the three keywords in the twe functions.

TR, - Ry ¥

g
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Table 7.5

; Student Responses for Sample Question 2
' from Modern Mathematics Course
rield Trial, Spring 1966

AT aed TN T

Student
t Number Trial 1 Trial 2
z .
é 0022 .1 and 1 20 + 16
E 0024 20 + 16
? 0025 20, 16 20 + 16
| 0028 10 + 16 20 + 1F
é 002¢ - The .product of the raised
fingers with the product
o - of the closed fingers. 20 + 16
0030 . - 20+ 16
0031 . 20+ 16
0032 ... . " 20 + 16

e e e — — T e P Ty
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Sequence No. Label Op Code
09-0730-020 qu

nx
fn
ca
ty
nx
i
wa

ty

un

answer without regard to order.

v s - T

Sample Question 3--Modern Mathematics

Argument

How do you know if a number
is divisible by 3?7

kw//4
.sum.digits.divi.3.three

Yes

kw//2
.multiple.3

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 nc multiple of 3

in the ones place. Now answer
again. . u

Consider the sum of its
digits. Try again.

Sample Question 3. This gquestion is & very good example
of processing free-form responses made by the student. The
auchors have inciuded 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
Notice that the authors have
used only a segment (divi) of the word "division" or "divide"
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to allow fiexibi1ify in the form which the student might use

in vesponding. The authors have also used the numeral "3" or
“three" to allow édded‘flexibility in re§bond1ng. 1t is inter-
esting to note in iable 7.6 thé diversity of vesponses which

have been counted correct by the author and the system.
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Sample Quesiion 4--Modern Mathematics

Sequence No. - Label Op Code Argument |
09-0770-020 | qu What digit which makes the i

_ number divisible by 9 can .
be put in each blank? (Type -

the missing digits in order, Eg
with a comma between each.) Lo
7843 30_7 1156__91 ) -
811_"623 !b
nx . ; f
fn kw//4 = | , E%
ca .5.8.4.6 ' | B
ty Good! _
un The missing digits must make
the sum of the digits ir
~ each case equal to a number '
- divisible by 9. Try again. . E
un The missing digits are 5, 8, ¥
4, 6. Type this. . [ .
Sample Question 4. This question again uses the keyword . é,/

¢rom 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 Eesponse until he "signed on" the following day.
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Table 7.7

Student Rasponses for Sample Question 4
from Modern Mathematics Course
Fieid Trial, Spring 1966

Somber Trial 1 Trial 2 Trial 3
< 0022 5, 8, 4, 6
0023 5, 8, 4, © 1 don't understand 5, 8, 4, 6
" what I'm am doing
. Wrong
0024 . 5,8,4,6
0025 5, 8, 4, 6
- 0028 2,2,1,0 5, 8, 4, 6
0029 .. off .. 5,8,4,6
0030 .. .5,8,4,6
0031  5,8,4,6 -
Ny 0032 . . 4,8,4,6 5.8, 4, 6 | ‘ |
& o033 3, 8, 4, 6 6, 8, 4, 6 5,8,4,6
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Sample Question 5--Modern Matnematics

Label . Op Code
11-1020-020 qu

Sequence No.

nx
fn

ca

un

Argument
Consider 2/7 x 3/5. Note
youirr procedure as you find

the solution. What is
277 x 3/5%

kw//3
.6./.35

Correct

2/7 x 3/5 = (2 x 3)/(7 x5) =

6/35. Type 6/35.

Sample Question 5. This question again uses the keyword

(kw) function Yor processing the responses without requiring

spécific spacing or punctuation. Table 7.8 indféates again

that the program has very close control of student responses

to this.questionc
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Table 7.8

Student Respenses for Sample Question 5
from Modern Mathematics Course
Fieid Trial, Spring 1966

Student ,

Number Trial 1 Trial 2

0022 6/35 )
0023 6/35 |
0025 '33;35 ' 6/35

0028 6/35

0029 5/35 6/35

0030 6/35 |
0031 210/35 6/35

0032 ~ 31/35 . 6/35

0033 6/35
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CHAPTER VIII
SUMMARY §F PRELIMINARY STUDIES AND FIELD TRIALS

During the course of the project, approximately 97 P:nn =
i;' State students compieted 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 fci student instruction amounted
to approximately 576 hours auring the field trial, 1
The fTirst subgroup was comprised of these students who ex-
‘ perienced an entire CAI sequence for academ1c credit dur1ng the
,_5 Tield trial of the four courses The details of the field trial
are reported in chapters IV (Audiology), V (Management‘Aceouniing),
VI (Engineer 1ng Economics), and VII (Modern Mathematics). How-
ever, the total use of the Laboratory for the field trial for
all four courses is summar1zed in Table 8
The other subgroup of 67 stndents were involved with the
project before the complet1on of the four courses,

'Forty-seven students'were used to help test courses early

h o~

in the investi o the deve

- _._.-_...._....l.

opwent of achieveméat .. ..

o & 1.
tion prior ¢ CREY

ga
criterion measures. For this group, the variables available for

analys1s ware

owmd
® .

Se]f-report rafinés of reactions to CAI

2. Student errors in CAI courses

3. Rate or speed of performance on course material
4

Scholastic Aptitude 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

\gf - . Total - . Maximum Minimum
| No. of Time Time Time Average
"» Course . Students hrs/mins hrc/mins hrs/mins hrs/mins

Speech Pathology

-8 and Audiology 4 63 48 19 24 11 49 15 67
'5\ Management
o Accounting 10 188 0 26 8 9 16 18 6
Engineering B AR o . |
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 <= ~= - == 18 25

5. Cumulafiv grade point average

Scores on the Penn State entrance examination battery
- gnd various subtests ‘

(/
N

-~
y
.
ol
&
“
’

7. "Scores on the Bernreuter Personality Inventory adminis-
| tered to entering F*eshmen 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.

D gt e et e e et~ e 2
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Reactions of Students to CAI | | .
0f the first 47 students, 1% worked in'audiology, 2} 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 CAIL, 2) selected

torreiations among a numbeiv of student variables and performance

in CAI, and 3) impressions obtained from guidingYstudents.through
the courses and from informal interviews with students_iollouing
their experience with CAI. TL, results should be regarded as

tentative and suggestive c7 hypo*heses for further study under {
highiy controiled conditions The 47 students were the first |
pilot group to test the CAIl courses. They are not a random sam-
ple of college students, nor were they aSSIQﬂEd at rancom to the

four courses. Frequently the students were used to help "debug"

the courses, and problems were encountered by the student which
would not ordinariuy occtr with a finished course. "In addition,
these earl resuits are primarily of a correlational and descrip-
tive nature with the accompanying difficu.ties of determininq
the direction of causation. In spite of the above 1iaitations,
'there appear to be some meaningful differences among the scales
of the student reaction inventory, and some clusters of 1nter-
cerrelations which “make sense" and support our subJective im-
pressions. ‘ | ‘

rollowing his first session of CAI, each student completed

a Student Reaction Inventory consisting of a number of scales
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modeled after the Semantic Differential (0sgood gt.gl,.3957).
The student reaction inventory deueloped‘for‘this investigation
appears in/Appendix C.1. The extremes of each scaie'are'defined
by pairsQof bi-polar adjectiues such as good-bad,‘duii-interesting,
tense- relaxed Thirty-one students completed the reaction in- .‘
ventory (the first 16 students were taugh* prior to the deveiop- ‘
nent of this device). " - |

“A profiie of the mean ratings on twelve attitude scales
was constructed for the total group and separateiy for each
course. This profile is . shown in Figure 3 An examination of
the high points on the profiie'of student attitudes toward CAI
indicates that students found the experience highiy interesting,
good, fair, vaiuable, and active, and that the students reported |
being abie to give the machine more attention than a tradttionaff"
ciassroom fecture. |

That students react favorably to a new and novel instruc-

tionai technique such as CAI is reassuring, but not particularly
| surprising. The iow p01nts in the profile of student reactions
may be of greater 1mportance in p01nt1ng the way to improvements

the instructional system and toward new instructional strate-
gies. The three lowest points in the profile indicatee that
the students reported being reiativeiy tense as opposed to relaxed,
they reported the program to be inflexible, and that they missed
opportunities for discussion. Fifty-four per cent 'of the sampie

reported being "s1ightly tense" during the first session of CAI.




Missed
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Missed
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discussion

Much less
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Worth]ess
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~-Bad
Tense
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Profile of Mean Student Reactions to CAI

Fig. 3.
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We have no decisive data at present to indicate whether the
reporfed tension had a positive or negative effect on student |
achievement and retention. It appears that some students ere
simply highly motivated to do well in the course, while ofhers—
~get-“"flustered” by the machinery. '
| | The student eelf-reports seem to agree wifh irformal dssef-
vations of students working at the terminal. Some students seem
maehine shy* during the first hour of instruction, and commente

such as "I'm afraid 1'11 do something wrong," or "I'm afraid
I1'i11 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-
sioﬁe. 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 consiqer the need for
Tonger warm-ups or an introduction to CAl whieh would prepare
the student for instruction. |

. The report of program ihflexib‘lity seems to have resuited

from the requirements of an earl1er CAI system which requ1red a
perfect correct answer match. Answers which were essentially
correct, but differed in some trivial character (frequently un-
hotieed by the student such as spaces, upshifts and downehifts,
etc ), were judged incorrect by the machine. A computer which

W111 not ignore trivial characters such as commas, perieds,

,t ;}

) T
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‘ spaces, etc., and correctly evaluate a correct answer is judged
inflexible by students. These rerorts emphasize the,neéd for

partialéanswer presessing in CAI systems. It is anticipated

4 b o il i

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. Aftﬁoﬁgh

g' the system is in theory student-paced, tihe immediate presenta-

, tion .of the next question following a correct answer tends to

E‘ "force feed" the student. A study is presently underway to in-

i vestigate the effects of student-controlled pauses in the presen-
tation of the course. Unfilled delays might provide time fovw
students to process information and to rehearse their responses,

and might be especially valuable following the correction of

an error.

Correlationé among Selected Student Variab]es,'
Reactions to and Chl Ferformance variables

A missing data correlational analysis of a matrix of vari-
ables including student errors, rate of performance, SAT scores,

cumulative gradé‘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 thé total group of 47 students and separately for students
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in audiology and cost accounting. Keeping in mind the diffi-

culties of a posteriori "data snooping," the writers examined

the matrix in an attempt to find nonchance, meaningful ciusters
of corretation coefficients. The results reported here are those
which in-the judgment of the writers seemed to tie tagether,'
Although there are probably few indiviqgals\working in CAIl
who question the educztional advantages of partial-answer pro-
cessing, some of the present results make quite clear the prob-
Tem 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 wés recessary 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 whiile 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 atAless than thé .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 response, thus making a content error. Some persisient

students may type in their original correct answer again and

o CIJ 3 COCOCO DD D Co IO oD & CD
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again. When numbers of questions were used as the base for com-
puting the percentage of errcrs, 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

negativély reinforcing self-sufficient behaviors. The Berareuter

Stability and Self-sufficiency scales correlated significantly
and positi&e?y with the percentage of correct answers entered
in wrong form (.43 and .56 respectively). The manual for the

Bernfeuter 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~adviqe

of othefs. Those scoring low dislike solitude and often seek
**advfce and encouragement." .

Although the problem of correct answers in wrong form can
be minimized by specifichinstructiohs to students at the begin-
ning of a course or by inse?ting additionail correct answers,
some wrong form errors resuit from typing habits and poor punc-
tuation. A correlation of .35 (P < .05) between the number of
lines of program covered by a student per hour and a Punctuation
subtest score on the Penn State entrance ékaminatibn was obtained.
Furthermore, a negative correlation of -.26 approaching sign1f14
cance between Punctuation scores and percentage of wrong form
errors ﬁas also obtained. Recently, a small group of eight stu-
dents wés administered an achievement test after completing a

section of audiology. Just one o two "bugs" in the program, .
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particularly of the correct response-wrong form type, seemed

to praduce 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 E}

functions described earlier in Appenﬁix A.1 alleviated the - [}*

pr6b1em of requiring a student to métch an anticipated answer -~ of

exactly. [}
The correlations in Table 8.2 (shown for the total group Mf%>

and cost accounting in parentheses) generally indicate that | 5

students having jower cumulative -grade points. and scoring Tower 3 ]

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 1
suggestive of a similar negative relationship, although they E}
are less consistent. These data are 1naicative of the impor- . i]
tance of the speed factor and suggest that courses employing |

optiona? delays, optional review, and optional remedial work - | {}
would be beneficial for some students. [3

,Performahce of High\and Low Aptitude
Students in CAI

e NN
e oy ol .
. 4
)
!

‘The second pilot study employed 2 sample of 20 volunteer
i: students from introductory educational psychology classes. &gﬁ
The sample consisted of 12 high aptitude Ss and 8 low aptitude ;
§s as measured by the Scholastic Aptitude Test. High and low E;i

aptitude was defined as the upper and lower 25 per cent of the
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distribution of verbal SAT scores. The test had been administered
to the students uppn entrence t0 tne University. _The performanee
of this group of Ss was studied in a much more systematic manner
than that of the~initial group of 47 students.

Each'supject wasAscheduied for'three‘sessiens at the CA!
Laboratory. During the first,session, tneyg_was given a warm-
up at the instructional terminal in the early afternoon of the
day he was scheduled to participate in the experiment. Previous
experience with students suggested that some warm-up to give
the student practice operacing the instructional terminal was
extremely 1mportant. The student was allowed to warm up on a‘;'
short section of the modern mathematics course on elementary
set theory. During this pericd a graduate assistant worked with
the student at the terminal to clear up any auestions or prdb-
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-
ject 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 of
the'mudern'nathematics courseidesigned to teach number systems
with_beses other than ten. Portions of the modern mathematics
course are shdwn in Appendix G.4. "Imnediateiy following instruc-
tion at the terminal, the student was given an anternute form

of the pretest designed to measure his achievement of course
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Table 8. 2

Correlatlons among Sarie Cogn1t1ve Measures, React1ons
to the Speed of CAI; and. Perceﬁuage of - :
Content Errors (n

ey

Penn State Entrance Exam Snbtesgs_jggpre-Caster7

c.C.P.A. Paragraph
- Vocab, 'ReaQing ~ Spelling = Punc.  Total" 3

Rating:

Courss 18 -2l -3 =04 08 300
Fast ( 50)** (-.5])** (-.29) (- 4o)* (-.12) ( 37)

_ Machine  -.35%  «.37% .37 -.31 S -2
Fast (-.69)**  (-.44)% (-.49)* {-.46)* (-.24) (-.38)
Per cent A3 -.20 -.11 .06 - ,08 -.26 .
Content  (-.12) (-.36) (-.27) ( A8)*  {-,30) - (- 45)*
Errors = ) ’ ' '

* pP<L.,10

* P < ,05

content (hereafter referred to as posttest 1), and was:asked

to fiil out the Student Reaction Inventory. The student veturned

exactly one week later for session three and at that time ﬁoqk
another form of phexachievement test (posttest 2) as a measure
of retention Due to an error in procedure, some students were
administered posttest 1 a second time whi]e others were given
the pretest again as the posttest 2 measure. The original in-
tent was to use the pretest as the delayed retentlon measure

to minimize direct recall of responses given to items in the
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test. An examination of the students given the 4ifferent forms
of the achievement test as posttest 2 shows no differences'tn

their perfommance 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
cmiterion 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. Reliabiiity
of the test was evaluated by means. of the Hoyt analysis of |
'svarience technique (Hoyt, 1941)

t The analysis of varlance summary for the sample of 20 stu-
dents on Form B is shown in Table 8.3. The reliability of the

‘ b3 : - M.S. residual
test as estimated by the formuIe Pt © I - M-S between 5§ 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 cn the achievement test had been seviously




inflated by using exftemeAaptitude groups . Ona_qoulq expect the

relizbilities computed separately within the restricted range
of high and }ow,aﬁtitude.groups to be substan?ié]l?}lbwgr‘tﬁgn
the reliabiiity for fhe entire Qroup° | |
Tables 8.4 and 8.5 show'the‘énalyseé of vériadce estimates
of reliability for the 12 high aptitude students and 8 iow épti-’
ude students respectively. As can be seen from the tables, the
reliabilities were .92 and .94 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 - 39.52 19 ... 2.08

Within Ss 67.65 » 440.
Items - 1.17 22 .51
Residuai 56.48 418 14

| 459

. - 014 e
ree =1V - Zios 93
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Table 8.4

Anaiysis of Variance Reliability of Form B
of the Modern Mathematics Achievement Test
for the Group of 12 High SAT Students

" 153

Source o s§' df MS
Between Ss © 18.98 o .73
Mithin Ss 37.83 264 |

Ttems 5.98 22 27
Residual | ©31.85 | 242 3
= A3
reg = L- T3 < -92
Table 8.5 - . .
- Analysis of Variance Reliability of Form B
of the Modern Mathematics Achievement Test
for the Group of 8 Low SAT Students

.Source o SS. o df MS
Jetween S§ -16.15 - S 2.31
Within'Ss - - ~29.83 - : 176 *

Items oty 9,98 22 .45
Residual - 719,85 ¢ 154 13
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The prior reliabilities reflect a high level of internal
consicstency of the test. Some evidence on the stability of
performance on the modern mathematics achievement test is avail-
ablie from the correlation between the posttest 1 and posttest 2
administrations orerfa one week inﬁervelﬁ"Tne‘iatter cdrreiaﬁ‘;’
tionfwas .93. Owing to a highly restricted range of scores on
theﬁpretest (students showed very litfle prior knowledge’oi | |
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 anaiyses. The
first analysis shown in Table 8.6 shows t tests compar’ng 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 1dea1 statis-
tical analysis for these data since some of the dependent veria-
bles are corre]ated and thus provide partially redundant infor-.
mation. Owing to the small samples of subjeets and the)preiimif‘
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, relationshins
between a number of other variabies. 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 generaiiy indicate that
the high aptitude grouu uetfcrmed better and had moue 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 jtem corvect out of 23.‘
1t can be concluded that the students in the sample had very
little prior iniormation about number systems with bases other
than ten. Although the posttest achievement scoras and other
perform-nce measures were not significantly different for the
two groups, every difference was in the expected direction. Thex
high SAT group had higher mean achievement pqsttest scores and
lower mean number of errors, less time to complete the material,
and fewer remediai questions than the low SAT group. In general,
‘the high aptitude subjects evidenced more positive attitudes
towards CAl than the low aptitude subjects. The mean ratings
for the high SAT Ss were more positive than those of the low
aptitude §s on 12 of the 13 scz*es. The statistically signifi-
cant differences indicate that the high SAT group had higher

means than the 1ow group an 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-

cussion during instruction at the CAI teaching terminal. The
most likeiy interpretation of the differences in attitudes of
the high and low aptitude greups is that poorer performance pro-

duces more negative attitudes toward the instructional method




Table 8.6

Comparisons of High and Low Aptitude Groups
(as Measured by the SAT) on CAI Attitude
and Performance Variables

‘Low High | )
_ SAT (n=8) SAT (n=12) C ‘
Variable X X -t P []
Pretest ‘ - 0.12 0.83 +2.20 .05
Posttest 1 - 12.0 16,50  +1.49
Posttest 2 . 13.6 15,9 +..70 -
SAT V. ~ 420.9 607.5 - +10.90 ..001
SAT M . 479.3 541,5 +1.81 .10
Ratings of Course: _ | ,
Fast ' 3.9 4.5 + .14
: Interesting 5.2 5.3 + .10
l Relaxed . 3.6 4.8 .+ .1.08
Good 3.5 5.2 +2.14 05
Fair 3.8 5.9 T+ 2.42 05
Deep " 4.8 4,3 51
Valuabie 4.4 5.1 .+ .80
Active 4.5 4.9  + .43 |
Easy 2.2 4.4 T+ 2.8 .02
Flexible 3.2 4.3 + 1.53
Machine Fast 4.6 5.3 + .67 .
More attention |
to machine =~ 4.0 6.1 -+ 1.66
Did not miss oppor-. ' ,
tunities for | S
discussion = . 3.1 5.5 .+ 2.21 .05
Total Errors 35.0 24,2 1.36
Content Errors  30.6 21.2 1,37
Form Errors 4.8 3.0 -t 1.08
Mean Time ‘ . 206.1 179.5 o 1138
Mear No. Remedial
‘ Questiois 53.5 48.9 .45
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regardiess of what metho¢ is being ﬁsed._ Since apftitude corre-
lates positively with performancelin the course, the'differences
in mean ratings cannot be attributed to aptitude alone. Results
from the correlational analysis support the interpretation that
poor‘perfbrmance produced the negdtiie rating rather than the
« N other‘way around. _ | |
>;1’ A‘compariéon of the mean posttést 1 and delayed poéftgéf,z
scores indicates that no forgetting took pla~e over the oné week
interval. The total group mean for posttest 1 was 14.7, while
ﬂr the mean for the one week delayed test was 15.0. Tue retentioﬁ
- evidenced after one week is probably,é function of thg nature
of the learning task used in the study. Manipulating ﬁumber
.systems with bases other than ten involves learning a set of
.principles‘whiph, once mastered, are probably not easily for-
gotten; in facé, the principles learned are the same piinciples
used implicitly by a1l students in working with the base ten
or decimal system. Once the studént learns to apply the rules }Q
with number systems having bases other than ten, his vést ex-.
perienée with the &écimalisystem most likely facilitates reten-
tion. T T |

-~ " Fable 8.7 shows the matrix of intercorrelations for the -

Scholastic Aptitude Test Scores and the CAI performance measures.
It should be remembered that the use of extreme groups on the
aptitude measure would tend to inflate correlations over what
would be obtained 1% the entire range of aptitude scores had

" " been used. The extreme high and low aptitude groups used in
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Table 8.7 :}
; Correlations Among Scholastic Apt1tude Test (SAT) e :
| : | and CAI Performance Measures , :}
53 (n=29)* ‘
Delayed ’ -
3 SAT SAT Posttest Posttest Remedial )
T U M 2 2 Errers Time Qpestions~ [}
B verbal AT .50 .45 24 -4 -0 -8 | B |
Matho SAT 047 ) 05" "037 \"'007 '018 :
Posttest 1 , 93 .-93 -.49 -79 —
Delayed Posttest 2 | | - =87 =50 -.77 5
Errors made in .
program S _ ..55  .81. . |
Time to complete 4 \ | -
- course . .55 [
*r, 05 = -4 o
o] = +56 LJA
’ ]
)
' the present preliminary analysis were selected as part of a :%f

larger experimznt designed to investigate interactions between

student ability and course sequencing variables. Although the

S0 R

- B M
& .
PR

present correlations may be spuriously high, they provide impor-

_tant preliminary information concerning the nature of the rela-
tionships between the variables. - . | ”

ks can be seen in Table 8.7, correlations between the SAT |

scores and the two achievement posttest scores ranged from .24 U

to .51. The correlations of the verbal and mathematical SAT — I

- e S A S £ Ay e A g YN PP, - =~ - = —— ——




159

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 correlatien bétween'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 critérién test,
" the correlation between aptitude and achievement would neces-
sarily be decreased. Whether a truly adaptive 1nstructiona1“
program can br 1g all college students to approximately the same
jevel of achievement still remains te be demonstrated. |
Aﬁother rather fevealing sét of cprvelatiohs were those
of the achievement criterion tests with errcrs and thé number
of remedial gquestions enccuntered by the student. The cbrrela-'
t1ons of errors with posttests 1 and 2 were -.93 and -.87 respéc-
tively, while the correlat1ons ‘between posttests 1 and 2 awd
errors is surpr1singly 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 function,
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 Tower correlation between
errors made in the program and errors made oh the achievement
posttest; The correlation of -.93 suggests that the student
who was coafused during the actual instruciicn remained confused
on the achievement posttest. The above interpretation is based
oh éorrelational data and small samples and is therefore highly
tentative; however, the results dc cail 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
instructiqn 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 seen in the,earlier analysis, in generai, the higher the
SAT and achievement in the course the more positive the'reacf
tion to CAI. The fewer errors and number of remedial(questioﬁs.
encountered, and the shorter the time taken to complete the pro-
gram, the more positive the attitude toward CAIL. Although it

fficuit to interprei these ve

W e ¥ W

that the student reacted primarily tec his own performance in
CAI rather than to hic 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.
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Nhen student performance is held constant the correlations be~ | -
tueen “the SAT scores and the Bad- Good rating decrease and become 3
~nonsignificant. In the case of the verbal SAT, the correlation
dropped from SB to A7, uhile for mathematical SAT the corre-
Tation 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- i
ment of the investigators is that the utility of the Reaction |
Inventory has probably been exhausted Since self—reports aref
o] inexorably entwined with a host of comple» effects, it is fre-
. quently impossible to determine precisely what the student s |
self-repert is mcasuring. As demonstrated in the present study,
the self- report, rather than measuring the student S attitude
% 3 toward a method of instruction as such, appears to be ,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 pe*formance measures. The self—report measure was em-
ployed in the present investigauion in lieu of the development
of more adequate criteria. As such, it served its purpose by -
suggesting hypotheses Tor rurther study. | |
The results of Table 8.8 also show that the student‘c rat-
ings on the Shallow Deep scale and on the Difficult Easy scale
appear to reflect his percepticu of the difficulty of the course.
Both scales appear to correlate with aptitude and performance

in the expected directions.

i Mo e s o s it mmir T il e B AR e h) o A a7\ A et i aus 7 Ak AR
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Several findings obtalred with the second sample of students
bear on some earlier results obtained with the initial group
of 47 stodents. The reader will recall that a fazrly large percen-
taoe of stndents reported being slightly tense during the first‘
hour of instruction in the first sample. In analyzino the data
TorF th second mpue, essentiaily zero correjations were ob-
tained between performance in CAI and the Tense Relaxed rating.
So far as this small sample of students is concerned, 1t appears
that whatever the student is reflecting on this scale does not'
relate to his performance in the course. This finding 1llus-
trates another common difficulty with self-report data: what
the student says he does and what he does are frequently two
dlfferent things.

Tse correlatlons of the cA’ performance measures with the
Slow-fast.rat1ng simply reflects the student's perception of
his rate of performance in‘tne course. Thus, the students a-
chieving higher scoreslon the posttests, making fewer errors
in the course and takingdiess‘time to finish the materfal, tend
to rate the'course as fast compared to students scoring lower
on tnenposttests and making more errors. o |

One finding of co'side;able lmportance relatas to results
obtained in the initlal 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




Table 8.8

Correlations Amoné Scholastic Aptltdde’(SAfi; |
CAl Performance Measures, and Attztudes
Toward CAI (n=20)*

Ratings

" Course

"Fast"  Good . Fair  Deep ~ Valuable  Easy,K

Verbal SAT  -.18 .38 .46  -.39 B AR Y B
Math. SAT .06 .5 09  -.68 .31 26
Posttest 1 = .44 55 .60 -.47 .32 . .45
Delayed L ' S R
Posttest 2 .58 49 -.16  -.47 .34 .44
Errors  -.47  -.46  ~-.06 .34 .20 -.39
Time  -.51 -2 -3 .36 L0 -89
Remedial | o o
Questions --.53 - -.29 - 7. .37 = ~.22 =30
*r{og = .44’

r.0].= .46

"bugs" encountered by the student in the course or correct
answers entered in wrong form tended to seriously interfere with
studont learning. The results for the second sample tend to -
suppoft this conclusion. The occurrence of wrong form errors
tends to encourage content errors (e.g., the two are correlafed

.79) which in turn tends to produce poor posttest pevformance
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(e.g., -.86). These data simply further emphasize the impor-
tance of partialfansner'processing,of student"responses,so that
an answer which is correct in its essential elements is accepted
as sorrect by the computer. |

F%nally, although the numbers in each group are snall. it

is of interest to compare the distributions of posttest perform- |

ance. for the two high and low aptitude groups.,_fhese distri-
butions are shown in Table 8.9. Perhaps the most strikieg ob-
servation of snudent performance 35 CAI is the tremendous varia-
ility in performance and the large overlap of the distributions
of high and low aptitude Ss. Clearly tne majority of Ss in botn_
groups demonstrated considerable learning on the ach1evement |
posttest. OnIy three Ss {one student in the high group) appeared
te exhioit little or no learning on the posttest Nevertneless,

the fact that even three students of college-level ability seem .

to exhibit no Tearning after instruction designed to adapt to
individual differences by providing the necessary remedial work
is the chalienge still facing researchers interested in the prob-

lems of student learning in adaptive instructional systems.
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Table 8.9

Distributions of Posttest Achievement Scores
of High and Lew Aptitude Groups

Scores Low SAT | High SAT
21-22 |
19-20 1
18-19 1
16-17 2
14-15 | o
12-13 |
10-11 |
8-9 N 1
6-7 |
4-5
5 2-3 i
: 6-1 1
s 8
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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 perteining to our esperi-

g ? ence with CAI. This cbjective was based on the assumption that

implementation of educatignal innovations is most ’ikely to

occur as a resuit of iive "hands on” demonstrations oiven to

educ;tore To make some invoads in the problem of information

dissemi:ation the project undertook a large aumber of live

demonstrations of CAI, produced a video-tape demonstration and

E a lﬁnn soond,Vcolor film on CAI, prepared several short demon-

- ‘ stretion courses illustrating different aspects of CAI, presented

vland poblished severai rasearch reports of preliminary results i |
‘with CAI, and eonducted a conference on the application of CAI
'to the in-service preparation of teachers. Each of these activi-
“ties is summarized briefly. |

| Our guestbook contains 981 names of visitors to the CAI

Pl

| Laboratory:at Penn~8tate; but it is estimated that over 500
inéivioudls have seen a live demonstration onCAI at the Labo-

‘protory,‘?These jadividuals possessed many‘different backgrounds
of experiences such as edueator, psychologist, State Direetor
of Vocational Education, writer, Director of Teacher Education,

V'Professor of Engineering, Professor of Mathematics, physwo ogist,
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sociologist, counselor, military officer,and newspaperman,
Professional ecucators from Denmark, Hong Kong, France, Sweden,

Australia, Bulgarie, China, Germany, Sudan, and many other

western nations have been among our mostuiﬁterestedﬁvisitors.‘
Many of the demonstrations have promoted much stimuiafing dis- :
cussion‘concerhing\the potentials of CAI in a variety of_educae _
tignal situations. | o

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-

fien of a student working at the CAI teaching tefminai,, This -
video-tape is shown regularly to students in the intrpduetory'
educationalepsychology courses which prepare several hundred
poteﬂtial teachers per term. The taped demoestration was~also e

shown to a conference in continuing education and to a group at

the Unjted States. .Office of Education in Washington. .
\During the summer of 1965 the instructor. of the intro-

ductery educational psychology course invited Professor Hall

to participate in_the preparation of a 75-minute video taped
'discussion on programmed 1nstruct1on and part1cular1y on CAI
~The. program,developed the h1storic and scientific progress of
\programmed jnstruction and utilization procedures for teachers
with\part{cular emphasis on CnI which included demonstratiog'Oﬁ
a CAIecourse.incoreorating all of the availab]e.functions,,gaped

recorded messages, and projected images from the slide pfojector.
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'Severai short demonstration courses have been prebaféd to
111ustrate;various capabilities‘af'CAI'to the visitor. The
courses may be briefly desciribed as follows: |

md1l and md2 - a short segment of material covering several

elementary concepts of educational meaSure-
ment. The demonstration iljustrates various

~ capabilities of the slide projector and tape
recorder units. The course also includes a
five question guiz related to the conceptis

" 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, Co T | :

spa-430x -  The first chapter adapted from the course -
o . speech pathology and audiology, which 15’
designed to teach students 'the anatomicel
parts of the outer, middle, ard inner.ear.
- This chapter provides compiuter branching
decisions based upon the student's prior
2 | knowledge about certain segments, the stu-
N e ~ dent's accumulated responses to previous

‘material. and the student's performance on

| ~quizzes throughout the course. °
= fhe‘following gapers have been presented reportfﬁﬁ preiimiQ
nary findings of the present CAI project:

3 _Wodtke, Kenneth H. and Mitzel, H. E. Some preliminary
J ~ pesults o the reactions of students to computer-
‘ assisted instruction. A paper presented at the
IBM Conference on Computer Assisted Instruction,
T. J. Watson Research Cénter, Yorktown Heights, -
"N..Y., February 2, 1965. | T

Wodtke, Kenneth H., Mitzel, H. E., and Browa, B. R. Some
preliminary results on the reactions of students to
.computer-assisted instruction. A paper presented at
the Pennsyivania Educational Reseairch Association,
University of Pittsburgh, April, 1965. . ./ |

|

4]
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_Wodtke, K. H., Mitzel, H. E., and Brown, B. R. Some pre-
7 'Timinary results on the reactions of students to
computer-assisted instruction. Proceedings of the
73rd Annual Convention of the Americai FszchBTbETEhl‘ |
Kssog?ation, 1965. Paper was read at the 1965 APA =
meeting. ‘ S : S T

T 3

]

H‘.J
;._\ ‘,‘. .

Wodtke, Kenneth H. On the assessment of retention effects
... in educational .experiments, November 1265.
. {Revised Febroary 1966) L
. Presented at AERA on February 15, 1966.

‘Wodtke, K. H. Computer Assisted Instruction: A simulated
. tutorial approach. 'Paper presented to the National
_Society of College Teachers in Education, Chicago,
..~ 'I1tinois, Februcvy, 1966. ,

. Wodtke, K, H. A symposium on the toric computer assistance
- for research on instructior at the American Educational
‘ - “"Research Association convention, Chicago, Il1linois. o
February, 1966. o : | ‘

! ’ ‘ j ! . »] 1 d
’ o : M e "
. v K3 « 1 - "‘ . %

Wodtke, K. H. and Gilman, D, A, Some comments on the °
. efriciency of the typewriter interface in computer-
.. assisted instruction at the high school and college
. levels. A paper presented ati the Annual Convention _
"of the Association of Educational Data Systems, | -

" Philadelphia, Pennsylvania, May 1966.

]

‘Mitzel, Harold E.” Five méjoffbarﬁiefs to the development N
‘ of computer-assisted instruction. August 1966. _
Remarks prepared for American Management Association J

Meeting, Americana Hotel, New York City, August 12,
1966. ) R T

Wodtke, Kenneth H. Educational requivemeats for a student-’
- subject matter intevface. o o

~ Paper presented at Spring Joint Computer Conference, |

~ Atlantic City, New Jersey, April 19, 1967.

Hall, Keith A., Adams, Marilyn, and Tardibuono, j. Cueing

and feedback in computer-assisted instruction. Paper g

presented at NEA National Convention, Department of E.
- A-V Instruction, Atlantic City, New Jersey, April &, 1§
o Nee7. ST U
‘Wodtke, K. H. Some perspectives on computcr-assisted instruc- N .
"' tion. Paper presentecd to the Pennsyivania Educational i

Research Asssciation, Bucknell University, May 19, 1967. U
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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 21, 1967. | , L .

A confarence was held at Penn State on npri] 6, 1965 to
discuss the applicaaion of compute: -assisted instruction to in- |
service preparation of °ennsy1vania teachers of mndern mathe-'
matics. A current problem in the area. of. mathematics instruc-v
tion is that of updating the preparation of teachnrs in th new

athemat;cs.‘ Existing in-service preparation methods are slow lv
and frequently only reach a smail percentage of teachers _ Durino
the abgve conference, members of the Penn State CAI proaect dis~\
cussed with educators from tae Pennsylvania Department of Public
Instruction the. possibilities of providing such insfruction by
means of remote. CAI. teaching St&tiu?S placed at strategic loca- |
tione throughout the state. Although there are a number of ‘ »:
problems still to be worked out concer1.rg the oraCtical applica-'
tion of CAI, it was the generai 1np ssion of the conference |
that such an application was feasib.e. . _

In January 1967 a one-day. conference for superintendents C

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 Pro.essor

Riedesel. and Miss Suydam of the CAI staff.‘ This conference
summarized a CAI project which was conducted during the fali, hﬁ

1966, by the wiiliamsport,Area School District sponsored by the
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=

B U, 5. Office of Education under Title III of the Elementary and

e |

Secondary Education Act. The IBM T. J. Watson ReSedrch'Center

=

at Yorktown Heights, New Vork, prbvided full-time eomputer

service for the forty elementary school teachers of mathematics

=

who participated in the in-service "hands-on" terminal presenta-
tion of the modern mathematics course. |

A second conference 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, |
~] 1nEind1ng‘Frofessor§ Mitzel, Hall and Wodtke, made presentations

to an eudiénee’n? 67Mprofeesinnals"intenested'and'involved with
‘progiémed’leenning and specifiealiy computer-assisted instruc--
tion. A1l members attending this invitational conference were
provided time“%br a 1ive hands-on demonétnation'af the CAI

| terminals and a visit to ‘the COmputat1on Center at Penn State.

A number of off- campus live demonstrat1ons have been ar-
ranged 3nd conduc*ed by the Penn State staff. The firat off-
campus demonstre 2 occurred on October 30 through November 2,
1965, et'tne'Amer1can Speech and Hearjng ‘Association (ASHA)

L Convention in the Sherman Hotel in Chicago. A displaynarea,
fg,~ 9 feei'by'ZO feet, Waézconstructed and contained display penels
of”infnrnatinn'enduthompnter;aSstted instruction. In‘aﬂdition
to this exhibit, a brochure was printed‘and distributed to inter-
ested visitors in the exhibition hall. Professors Mitzel (Prnject

ﬁ<‘ ﬁDirectnr) and Siegentha]er (course author for speech pathology

andiaudiology) and Mv. deffrey Katzer (graduate assistant to
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Dr. Siegenthaler) represented Fenn State and conducted the |
demonstrations at the exhibit. A closed circuit teleyision 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 a CAI demonstration~es§gf;; |
cially prepared for this éonvention 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 Ha1ig of.
the .Penn State Staff, conducted this demonstration which was -
houst ! in a spectal exhibit area entit[gd\“CQmpUter'Dimens"iOns‘,~~
in.Learning.": Although the. 1arge display material‘wasMnot used-
,forathis conferencg, the‘c?osed‘cifcuit video-tape system-and_
the on-line audiology course were used. During the pgur#e of -
the conference, six organized tours of approximately thirty
people each were conducted through this*special‘exhibit‘areaf
At that time, an 6pportunity*was provided for each,eghibitor to
explain. and describe to the group their efforts in utilizing:
computers for instructional purposes. . o

The American Educational Research Associat1on (AERA) held
their annual convention at the Pick Congress Hotel in Chicago, .
I11inois, 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 offitsytype ,
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that has beéen shown at an AERA convention. Again the large wall

paneéls and the complete exhibit were trucked to Chicago forithist

exhibition; the closed circuit video-tape recording equipm.nt
was used on a standby basis only. The Penn State Computation
Center and the IBM T. J. Watson Research Center dtlYorktown/\
Heights, New York, were able to provide us with fuli-time com- ..
puter service for this convention. This was the first large-
écaie*ﬁtflizatfon of the Penn State COmpufation Centef for CAI
purposes ‘and our ‘experience was most gratifying. In addition .
to oﬁr‘clééed circﬁit‘#ideo4tépe recording equipment, we had a
small éamera'mqunted‘above the CAI terminal so that the material
beinﬁ“typed‘for'tﬁe student could be seen.by.a large group of_\‘

ohesrvars on a television monitor which was part of the exhibit,

The sta¥®f representing the CAI Laboratory for this exhibit were

Professors Bjorkquist, Hail, Johnson, Mitzel, Siegenthaler, and

Nodtke;ﬁﬂrfﬁaeffréyfkatZer a1sd~parficipated;‘ T T
The 'American Personnel and Guidance Association held its

annial ‘convéntion at the Municipal Auditorium in Dallas, Texas,

from March 19'through March 23, 1967.. It.was estimated that . .

approximately two thousand members viewéd the CAI exhibit which
consisted of on-line course segment presentation. During the
timgsf%ﬁén'éomputer'ﬁerviee was not available, a continuous loop
 slide’andtape presentation was in operation. The staff repre-
‘senting the CAI Laboratory for this exhibit were Professors
Imbé?littéri, and CaﬁpbeII; M. Scott Kostenbauder also partici-

‘pated in the presentation of this demonstration.
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From April 6 through April 8, 1967, Pann State again ex-

hibited the audiology course taught by CAI at the Pennsylvania
Speech and Hearing Asscciation 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
assisfinq.~" o . oo Coto T ;;L>z1,~
Other dissemination activities have also been uidertaken
by the staff members of fhe CAI Laboratory. Professov Cramer,,
suchor of the CAI introdubtory management:accduntjng coﬁrse,{ ‘

published an article in the January 1966 issue of Management

Accounting, 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"
Professocrs of the State of Pennsylvania. Professor,Cramer‘prefal
sented a lecture to graduate students of Atlanta University -
entitled "The Computer as a Medium for Teachinglof,Acccunting."
Professor Riedesel, authoiv of the modern mathematics course,
made presentations about CAI at the convention of the National
Council of Teachers oFf Mathematics, at the Americana Hotel, New
York c=ty, on Apr11 14. His presentation included the usé of
an -overhead projector and a slide projector for displaying 2 x 2-
inch slides pertinent to CAI. Other similar CAI presentations
made by Pfofesédrlkiedesel were in Philadelphia to the Associa-

tion of Eduéationdi Data Systems; in April 1967 at the National




176

Elementary Principals Conference in Boston, Massachusetts, at
which time his talk centered around the information gained from
exoerience with CAI and directions in elementary school mathe-
matics; and on May 6, 1967, te the New Jersey Section of the
Mathematical Association of America in New Jersey, on CAl in
modern mathematics.

Professor Mitzel has made several presentations regarding ,
CAI. Fe parttcipated in a regional research conference held at
Unfversity 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 of
a CAl demonstration for this group of people. This same vid:o-
tape recording was also used by Pro¥essor Mitzel for the Council

of Academic Deans at Penn State University on February 28. A

set of 2 x 2-1och,colored slides have been prepared illustrating

the CAI effort at Penn State. These have been rsed extensively
by -Professor Mitzel in various presentations he has made. One
presentation was to a group of about 20 graduate students at

the Institute for Edocational Communications at'Syracose Uni-
versity on April 6,'1966. Another presentation was made at Kings
College at Wilkes-Barre to the Higher Educational Regiona]~sroup
- on May 10.’~0n June 21, 1967, Profassor 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 severai,génelkdiscus-
sions and presentations regarding CAI. In September 1965 he
presented a paper on Al at the American Psychological&gssocia~
tion meetfggs in Chicago, I1linois. He aisc participaged in a
panel discussion at the American £ducational Research Associa-
tion meetings in Chicago and during the same period participated
in a panel discussion which was organized by the Penn State staff
at meetings of the Natienal Society of Colleges of T&acher
Education. ~. A paper was‘presented in early. May 1966 at the
American Educational Data Systems cdﬁvéntioﬁ in Pﬁi1§dé]phia,

Pennsylvania; another at the Pennsylvania Educational Research

‘Association at Bucknell University on May 19, 1967; an¢ one on.

the'educational requirements for a student-subject matter inter-
face, a paper which is included as an appendixyto this report,
at the Spring Joint COmputer;Conference held in Atlantic City,
New Jersey, o April 19,. 1967 |

~ The f1na1 dissemination aspect of this project is a 24-
minute 16mm sound, color film on computer—ass1sted instruction
produced under the direction of Professor Dorald W. Johnson.
The titie "Sign on/ngn dff“iis suggestive of one unique require-
ment of this type of instruction.

The main puvpose of the film is to generate an interest in

computer-assisted instruction and a desire on the part _of the

viewers to further.explove the potentials of this new medium.

" The intent, therefore, is to motivate the audience to further




explore and study. By so doing, they shou(d 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-iearning situations, remarks of experts, closé-ups of
displays and type-outs, and other short segments designed to:be
visually interesting. Scenes are numerous and short t0‘thét
interest of the -viewers. ‘ | -

The film is intended pfimarily for educators.who have had

no introduction to computermassisted instruction. The audience

could be in-service teachers or admini;tratois;'collegeVstudentS"

planning to gnter the field of education, or 1nterested,'fnformed>

> N ok
=y Wihe

sz R oo

peeple‘oﬁtside the fieldxof‘education; Where possible.'the‘*J'.
language 13 non- technical B
After a brief introduction, Sign on/Sign off seeks to estab»

lish tke need for technology in education by showing school o
scenes of the early 1900's and contrasting these with current
needs; social and technological developments are depicted The='\ “

Socratic wmethod with an emphasis on individual differences is..

{
K e
\ -

related Ghrough scenes of a master teacher and five students in -

a learning situation. The next scene shows learners atftﬁéh‘ |

terminal interacting with the same materiai as‘inwthg~prior, . \"~: §§ 
scene; parallels are drawn between teaching as acco@plished'by ) R

a master teacher znd that of a computer. Emphasis is again on i  o E;

individualized instruction to meet unique needs oi the 1earnefs.5
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The audisnce is shown how CAI works through an animated sequence
utilizing abstract forms to relate certain mechanical and e]ecg_
tronic functiens. The final scenes are of educators connected
with the Penn State project comm niing, in‘theif own words, on
certajn aspects of computer-assisted instruction of fntérest to
the audience.

The 16mn sound film is in color and approximately 24 minuies‘
in length. It was prcduced by The Pennsylvania State University
Motion Picture Producticn Studio, and when approVed'by the staff
of the U. S. Office of Education, the film will be available\

thrdugh the usual disfribution channels.
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_-Appendix A.1

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. -

rds - Same as rd, but does not. update restart address, .

qu - Computer types text and wa1ts for student to type a response.
gommonly used to display questions or problems to a stu-
ent o ‘ , B . o ‘

«:'Sameﬁas qu, but’does‘not'update restart address.

Yo oo

ca - Correct answer to be stored fn memory for comparison with |
,%student S..answer, . SO s » L
cb - SimiTar to ca - used to 1dent1fy a set of alternate correct
answers - the subsequent action is to be the same regard-
. Jess of which answer in the set is ma.cned by the student'’ s
" response. o . s

I
'

Wrong answer to be stored for comparison with student S
answer. o ( S

wb -~ Similar to wa - used to identify a set of alternate wrong
answers - the subsequent action is to be the same regard-'
less of which answer in the set is matched by the student s
response. :

aa - Anticipated answer - similar to ca and wa, but not followedn
. :.by impliecit branch. . ... ... . o R
ab - Similar to aa - used to identify a set of alternate antioi-
pated answers - the subsequent action is to be the same
regardless of which answer is matched by the student S
,:response, . ,;5,Jvz,i & o e e

un Mf_Text to be typed 1f the student s answer is not one. of the
| specified correct. or wrnng answers. .. . .. o
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gg - Instructs the computer to execute %the instruction(s) ?‘
immediately following the nx. The purpcse of the nx is *
to change a minor operation code .(e.g., ty or fn) tc a
- major operation code. L
X1 - Time limit - computer'ignores anything typed by the stu-. ?f
dent after the specified time has japsed. = - -
O I
Minor X
ty - Computer types text and ‘continues without waiting for any - §
‘resp’ise from the student. . | o 4
br - Branch - -alters the sequence of exetution T ]
Unconditional: branch is always taken T -
Conditional: branch is taken only if a particular
: condition is satisfied.: -~ - i i{
ad - Adds (algebraically) a number or the contents of a counter "'i
to a counter. Commonly used for accumulating a student's " 3
.. &rrovs or response times. . , . ‘l;
1d - Load - clears a counter and adds a number (or the contents .
o of a counter) into a counter. Load may also bz used to ‘ 'r
sev a switch to 0ori1. o CLT ' N
gl’:u’bfVidé”conteﬁiy“Of a counter by a constant or by the num- ‘ ’
ber in a counter. | R | .
mp - Multiply Contents of a mounter by a constant or by the -
. humber in a counter. o S?
fpl - Display a slide. o o
£p0 - Seek and position 'z slide, but does not display it. lf;
tpl - Play a tape recorded message. o D - | !?
Epd - Seek and position tape recorded messige but does not play §.
: D I .ot o R ¥ T P el S I {
Zpr - Record a tape recorded message. -~ i - o e
In - Computer executes the specified function. Functions are };‘
' .. Special series of instructions (written in a machine 3
\ ‘“"‘%anguage'Suﬁpfggram)jso‘that‘the»computervcan'dp,pches» : 3
Ngi " sing which cannot be done by 'using only the Coursewriter s
2\ operation codes. ' \ = 1?‘
ol




.ffxslide//n - The displax,slide function is used to present

oo a slidey n repres:nts the. number of the sltde to be
displayed. o - > :

slide//nx - The seek and position slide function w1ll seek

cdisplay slide function.occurs in the program..

187

“: and-position slide n, but will not show the slide unti! a

tape//n - The plql tape function will p!ay tape recording

az'number

itape//nx - The seek and pos1tion tape function causes tape
. yvecording number n to be positioned. . The recording will
not play until a tape play funct1on occurs in the program.

‘oc// - The disgiax c- counter function is used to display
the contents of a c- counter to the student.

. dx// -‘ahe disglaz x-counter function 1s used to disp1ay
the contents of an x counter to a student.

’7'wa1t// - The wait function allows the author to de!ey the‘

-.program before execution.-,* S

;‘kw// -~The kel_word function a?‘nws the author to specify
< one OF more: key nords which must be matched 1n tne stu-

2 'dent!s answer,

kwo// - The ke words ordered function is simtlar to the
key word function. 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.

kwi// - The key words initial function searches for the
words that have been entered in the ca or wa. If the
fuaction finds a word in the student’s response not n
the ca or wa, the function is terminated.

kw//ic - The key words ordered and initial function
searches for key words in the student's response. This
function insists that the student's response be in 2
certain order and also checks to insure that there are
no unmatched key words in the student's response.

1im - The limits function aliows the author to specify
mathematical 1imits within which the student's numericai
vesponse Wil be acceptable. .
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pa0// - The partial answer zero function allows an author

.to disregard extraneous discrepancies between a student's’

response and the text of a ca, wa, or aa. This function
is used to.process answers which ar. misspelled or

partially correct.

"irand// - The pseudo random inteqer function allows authors

to specify that a pseudo random integer be placed in. a

"r-counter.

Yic// - The initial characters function allows authors to
specify that only a certain designated number of initial
characters in the student's response are to be compared

‘:with a:-subsequent.-.ca or wa. The functiicn 21so allows the

. author to specify that characters-in certain positions

of the student's response are irrelevant and are to be

'?considered matched

‘indicated in the text of the sb function.

ed// - The edit function allows an author to edit the stu-

.t dent's’ resoonse by replacing or deleting characters.‘

i

sb// and rb// - The save and branch function (sb) allows .
the author:to insert in. one 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 places within
the” course.. The return branch (rb) function returns the
student to a point in the course as directed by an address

[
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- . APPENDIX B.1
SAMPLE OF STUDENT'S TYPtOUT"** fi ‘ :f‘% e
A Sample of Dialogue between .a Student

and the Computer fTorF a Section '
of Instruction on the Anatomy of the Quter Ear

Computer

make a request

]"2.

- 81948, qu430 o

of sound, type the names of
the three main divisions of
the ear in their correct order.

Good

PP
ant aetd
o 8

What is another name for the
external ear?

is one part of the external
ear. The desired term includes

‘Studént Responses =
(moB) ot

~

03/31/66 12:18
L. Dicken spa430 e r
1-1. Following the normal pathway ?

outer, middle, inne»
R e e T

o

external auditory meatus

all of the external ear. Try .

again. M
outer

Correct. Another name 7or

the external ear is the
outer ear. BEe careful of
your spelling and typing.

]All student responses appear on

the right.
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Computer .. .. Student Responsae

1-3. - What is the name for that.

- - part of the external ear

most visible and on the. e
outside of the bead? C ot e e

car

What is the -term-used in L
Newby’s ‘Figure 22 on T
page 16, Tor the externally

. most ViSib]h part?

pinna

Correct. The terms "pinna"
ard auricle are synonymous.

1-4, Hhat small structure of the
ear divides the exterral

ear from the middle ear . . .

gy?g need a SPECULUM to see. ..ot o

t L S VR

eardrum membrang

1s correct. However, a

more technical name that we
R ‘shall be using is: tympanic
4 membrane type: tympanic .

2 4 } U ‘ ¥
N membrane and press: EOB S
_ | . ]
R I S e N tympainic memprane
é 2 H ‘i’ 7 ! :«:
, B AN ‘
'\ ( e !
¥
By f
'g ' i
i n f{'( B
- ! »L -~ 1/
< 1} Cy 3 : ¥

GO g
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..;;>, - ~ Appendix C.1 o
STUDENT ATTITUDE TOWARD COMPUTER ASSISTED INSTRUCTICN

This is not a test of information; therefore, ther2 is no one "right" answer to a question.
We qre.1ntere§§ed in your opinion on each of the statements below. Your opinions will be
strictly confidential. D¢ not hesitate to put down exactly how you feel about each item.
We are seeking information, not compliments; please be frank. ‘ h '

NAME DATE

NAME OF COURSE

| gésgbs THE RESPONSE THAT MOST WEARLY REPRESENTS YOUR REACTION TO EACH OF THE STATEMENTS

1. WhiTs taking Computer Assisted Instruction I felt chalienged to do my best work,

strongly  Disagree © Uncertain Agree = " Strongly
Disagree o Agree
2. The material presented to me by Computer Assisted Instruction caused me to feel that
no one really cared whether I learne:? or not. S0 -

© " Strongly | Disagree Uncertain -~ Agres - 'Strongly
_Disagree ‘ | i Agree
3. The method by which. T was told whe;hééﬁi’had given a right or wrong answer hecame
monotonous. |
eStroﬁg]y ; Disaéree 4 Unce;tain Agree Strongly
.- 1., Disagree | S ‘ : . Agree

4. 1 was concerned that I might not be understanding the material.

Disaéree S thnce;tain . Agree . Strongly

v, Strongly -
" Agree

Disagree.
‘):‘ :3:} ': :‘"/ J';‘:: ) ‘ : l [ '\;‘ e t ' ! "c ; . o v AT S g e, T o
5. I was not concerned when I missed a question because no one Was wgtch1ngvme anyway.

‘‘‘‘‘

.. ..Disagree ... . Uncertain ;;\- Agree N - Strongly
‘ ‘ ) G Agree

i ?5, e ,Stz-rong]y
- ~:Pisagree
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While taking_ Computer Assisted Instruction I felt isolated and alone.

PR

Ali the Most.of Some.of Only. Never
t1me o the t1me ~ the time , occas1ona]1y

Wh11e taking Computer Ass1sted Instruct1on I felt as 1f someone were engaged 1n |
conversation with me. = _ o

. A11~£he—< - - Mest'of S Some.of .- Only o .Never

time the time the time occasionally

T,TheAresponses to my,answers seemed appropr1ate.,

sy
¢ .

',Al] ihes | Most of - Some of Only ~ Never
tire o the time the time "  occasionally R

I felt uncertain as to my performance in the programmed course re]at1ve to the

" performance of others.

M1 the 0 Mostof < - Some{efu T omlys T Never
time the time  the time occasionally - SERENS

‘{zl’found myself just trying to get through the material rather than trying to learn.

__AlMthe. . Mestof . Smeof  Omly.  Never
T time . the time the time ' occasionally = = -

I knew whether my answer was correct or not hefore I was told.

, ;
DV .
N

N Quiteioften Ofien, 0ccas%ona11y. Seldom - Very 'Seldom
I guessed at the answers to questions. S

"_?\Qdfie often. '~ Often - Occasionaliy ' Seldom ! *y-Se]dom

In a situation where I am trying to learn someth1ng, 1t 1s 1mportant to me to ﬁ
know where 1 stand relative to others. ‘ 7

Strong]xﬁ_ ‘“T“"Disaéree " Uncertain 27N Agree ""ffStrongly
Disagree ...+ Agree

L T
N ,"M
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¥
LI ’ . ' ' N
b 14. T was encouraged by the responses given to iy answers of questions.
e S;vongiy Disagree E Uncertain ' Ag;ee Stréng]y
- Disagree L , L ' _ Agree
,i 18, As a resuit of having studied some material by Computer Assistéd Instruction, I
; am interested in trying to find out more about the subject matter,
>Strongly Disagree Uncertain Ag;ee | Stréng]y
. Disagree - A o S oo T U Agree: -
,E; 16. In view of the time allowed for learning, I felt too much material was presented.
) Al the  Mostof  Some of Only Never
time - the time- the time- .occasionaliy- o
17. Iiqu more invo1ved‘in running the machine than in understanding the material.
" AT1 the L Most of Some of Oﬁly " Never
" time - ¢ -the time the time . . occasionatly .

I felt I could work 27 my oWn pace with Computer Assisted Instruction.

Stroﬁg1y‘\1, ,"'.Disaéree t Uncé}tain . '»Ag;ee : :"AStréngly.:
Disagree- = - - i D S Agree
Computer Assisted Instruction makes the learning too mechanical.
‘ Stroﬁg]y | Disaéree Unce;tain Ag;ee Stréng]y
'~ Disagree ) S s S Agree
I felt as if I had a prﬁvate tutor while dn Computer Assiéted Iﬁstructioh. B
‘Stfoﬁg%y Disaéree Unce;tain aAg;ee - Strongly
Disagree L ) - ) .. Agree |
I was aware of efforts to suit the material specifically to me. | | | '
s e | T e v e e _ | S > S
Strongly Disagree Uncertain Agree Strongiy
Disagree Agree
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4

z2. I found it difficult to concentrate on the course material because of the hardware. §
A1 the Most.of Some of Oﬁly Ne;er
-, . time .the time the time occasionally

R

N 23. The Computer Assisted Iastruction situation made me feel quite tense.

LI

" § Strongly . Disagree. Uncertain Agres Strongly
' Disagvrae . - S Agree
N 24. . Questions wera asked ‘which I felt were not relevant to the material presented.
. ] "M the  Fostof  Some of O mly " Never
D time the time the time .occasionally
25, Computer Assisted Instruction is an inefficient use of the student's time. i}v"
" Strongly Disagree  Uncertain Agree Strongly 3
Disagree Agree i}
- 26. 1 pdt in answers‘kﬁowingxthey were wrong in order to'gef,infOrmation from the machine. A
f Quite often o Ofien n - Occasiénally Seldom 'Veny éeldom [3;
27.. Concerning the course material I took by Computer Assisted Instruction, my feeliné !]‘,;
.-toward the material before I came to Computer Assisted Instruction was: B
‘V, : S - Lo C . e "r'
-4 Very Favorable Indifferent Unfavorable Very f '
= favorable unfavorable s
| 28.. Concerning the course material I took by Coaputer Assisted Instruction, my feeling {f%f
: toward the material after I had been or Computer Assisted Instruction is: g
;é%* Véry Favorable Indifferent A Unfavoible ~ Very '
T SRR unfavorable

. v 11favorab1.e

29. 1 was given answers but still did not understand the questions.
iy e Ca e

-~ :

/ ~ Quite often . Often Occasionally Seldem " Very seldom

.
1
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G , R Y B ~
While on Computer Assisted Instruction I encountered mechanical malfunctions.

[ [ ] [ 2

Veny~6ften Oftén ‘d0c¢asi6na11y ‘ ‘Seléom Venyaée?dom

-Compufér Assisted Instruction made it possible for me to learn quickly.

T AN

Strongly Disagree Uncertain  Agree Strongly
disagrge : - agree
I,féTt‘frustrated by the Computer Assisted Instructiohuéifﬂation. o
" Strongly  Disagree " Uncertain . - - Agree . .. . Strongly
disagree agree

The ?esponses to my answers seemed to take into account the difficulty of the question.

Stroég]y 6isagree ' Uncertain Agree " Strongly
disagree agree

N

I could have learned more if I hadn't felt pushed.

° [ [

égiy Disaéree Unce;tain Ag;ee Strongly
gree agree

The Computer Assisted Instruction approach is inflexible.

Stroﬁg}y Disaéree Unce}tain Agree Strongly
disagree ) agree

Even otherwise interesting material would be boring when presented by Computer
Assisted Instruction.

Stroﬁg]y Disaéree Unce;tain Ag}ee Strongly
disagree agres

In view of the effort I put irto it, I was satisfied with what I learred while taking
Computer Assisted Instructioen,

Stroﬁg?y Disaéree Unce;tain Agree Strongly
disagree agree




O e T ot

. In view of the amount I learned, I would say uomput

Assisted L.struction is

superior to traditional instrucﬁaan@ - , o
. Stroﬁg!y' Disagree Unuertain -Agree Strongly
disagree agree

Y

M. Whith a course such as 1 to ok by Computer Assxstpd Instruction, I wauid prefer

i Computer Assi ted Instruction to traditimal instruction.
)’f\ Stfnngly . Disagree Uncertain Agree Strongiy
. aisagree S P SRR - agree
%0, 1 am not in favor of Computer Assisted Instrugt1on because it is just another step
E toward de-personalized instruction.. - LR A
féfi“ft'StrdﬁgTy" " Disagree: * Uncertain Agree Strongly
: disagree agree

DED FOR ANV COMMENTS YuU CARE TO MAKE ABOUT COMPUTER ASSISTED INSTRUCTION.

g

R e I I
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APPENDIX D
Speech Pathology and Audiclogy CAI Course

Page No.

D.7 Sample of Speeck Pathology and Audiology
Sle-StUdy GUide e e e o e e & o 0 e o o e o 203

D.2 Anatomicai Slide Description for SPA 430 . . 207

D.3 Sample of Speech rathology and Audiology
CAI Program «i« « « o o « o oo v o o o > 4 o 213

D.4 Flow Chart and Interpretive Neivas for
the First Part of S?A 436 . . . .0 s e e e 223 .

D.5 Sampie Static Display for SPA 430 . . . . . . 225
D.6 Sample Student Handout for SPA 430 . . . . . 22/
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Appendix D.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 tapght
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 qenteﬁ
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 availabie at all sessions, as well as during

the class periods.
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Now proceed to the following study ‘materials. They will be
given to you 1n‘fhfs;fdldéff_giygekfsfyoﬁg at one ‘time. ;

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 apd slides to help you.
Also, you aré to have a number of handout sheets to be completed
as instricted. ' Use the study materials to your best advantage,
but “in genéral follow the séquénce as presentéd. = |

" ‘The materials are in “chapters," but these are not the same’

as chapters in your ‘textbook. Each question has ar ‘identifica-
tion number indicating chapter and question number. Occasionally
a number will be skipped because it is rnot needed, (even though
the question was given for convenience for students working at
the CAI ‘términal).’ ~ | - |

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 siudy 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 wish.

You are to proceed with these study materials at your own

G

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.

QO wmcwammammm— o S
A K - - - v PTG s TH v -}
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Materials for Chent>
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1
i

SPA 430 <Pt
£ Chapter I

If you have not done so already, read pages ]6{18\in Newby.
When this reading is completed, proceed. A
KS Here are the main points you $hould>know:
. 1. Three main divisions of the.ear .- ;- ;% = .
| 2. 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 tne anatomical terms

Now begin the question-answer sequence.

‘ u;“,,w o HA Y

1-1. Following the normal pathway of sound, what are the names
of the three main divisions of the ear in their correct order.

- '»i..

outer ear, middle ear, 3inner 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 thke 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. « o s o ' "
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Appendix D.2

ANATOMICAL SLIDE DESCRIPTION FOR SPA430 '

Week
No.

‘Chanter

(‘NOQ

'Slide
“No.

‘Title of Slide and Brief Descript1on

19

20

*THE RIGHT HUMAN PINNA (Similar to stu- |

*ASPECTS OF

 dent's.Handout with no parts labeled)

.THE RIGHT HUMAN PINNA (This has seven_
of the parts labeled)

*THE RIGHT HUMAN OIMNA ~{

- dent's Handout with al
MPORAL BONE (Similar to
.student's Handout with all parts

labeled)

*SCHEMA RIGHT EAR--TRANSVERSE SECTION
(Similar to student's Handout with
al] parts labeled) ' , ,

Simiiar to stu-
1

1 28

. 5 v
b " Y

<K :
i ’
; 30 '
[ p ¢ e
4 N A

‘ RIGHT TYMPANIC MEMBRANE

o

RIGHT "TYMPANIC MEMBRANE (This sItde 1s
‘used to quiz students on the CAI
terminal to see whether or not they .
know four parts of the tympanic
memb rane.) ' o g

(Part of the

student's uendout is filled 1n and

labeled )

*RIGHT TYMPANIC MEMBRANE (Similar to
student's Handout with all parts ‘
filled in.) |

*LEET”TYMPANIC ME MB RANE (Filled”in and’
complete labeled student 3 Handout )

. ot 7 -
. oy
. A t.
! 3 “ 32A '
4, ' \
3 BENE R

SCHEMA MIDDLE EAR (°art of student 3
| Handout filled 1n, no Jaoels,) :

SCHEMA: MIDDLE EAR (More of student's
Handout filled in, again, no labels.)

parts labeiea;

R e L T VNN
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Week | Chapter| Slide [
Ne. No. No. Title of Slide and Brief Description
2 3 34 ©| SCHEMA: MIDDLE EAR (Part of student's t.'
Handout filled in and jabeled.)
2. |...3 | 35 SCHEMA: MIDDLE EAR. (Similar to slide i

34 with the sole exception that the,
~ stirrup has been added to the. oval
" window. and is high11ghted ) i

2 ] 3 7| 36 | SCHEMA: MIDDLE EAR" (Partiall completed .
B TR o IR - student Handout and labeied ¥ [}
2| 3 | 37 | *scHEMA: ‘MIDDLE EAR  (Completed’ student |
a Handout; all parts labeled.) 5 [
2tk 4 | 40 | *HAMMER (All parts of the hammer are |
| h labeled ) ; [
R R ol ' * } »4
2 | g | a1 | eawviL (All parts of the anvil are labeled.) ;
2 | 4 | 4 *STIRRUP \A]l parts of the stirrup are [};
L Yabeled.) ( ; o |
2 | 4 Ca ~*OSbICbLAR ARTICULATION (Vav ous ligaments,
J el .- L. membranes are shewi_in red ) -
27| - a | a5 | ‘40SSICULAR ARTICULATION - (The inward phase
ISR NRE B -of sound is shown with orange arrows
BRI SR throughout.); ; . ;
2 s | 46 *0SSICULAR ARTICULATION (The outward
o 1. . .... phase of sound is - shown with green
AP _j ar*ow“ throughout wr :
. ' Z
2 | 5. .| 60 | #EUSTAcnlAM :usE SECTION (S1m11ar to
peondtw Y studentts Handout with‘ail parts .
A0 p o O N ]abe]ed ) ;
2w: . 5 1 68 *PHARYNX AND ADJACEN: STRUCTURES i

DN N | (S*milar to student’s. Hajdout- with
SN B “all partsilabeled. ) ; ;

2| 5 [ 77| wscHEMATIC OF MOUTH ((Simiidr to student s
soepEt o Coe Handout with an parts labeled. ) |

H

c3 o o GO 0O OO 03 0D OO o




Week |Chapter |'Slide ' ]
No. |- No. | No. - Title of Slide and Brief Descriptieﬂ
2 "6 .| 9a* | *LATERAL VIEW OF SUPERFICIAL MUSCLES OF
FACE AND NECK- . (Masseter and sternocleldo-
o mastoid muscles shown)_
2 6 11a | *LATERAL VIEW OF PHARYNGEAL cousra:crons
o ‘ (Shows pharyngeal constrictors )
2 | & | 33a | *oRAL cAVITY (This is taken from Netter
S SRR plate #1 )y o ,
2 6 382 | *PHARYNX (SAGGITAL SECTION) (This is f
- | Netter's: plate 16.) -~ ;
2 6 | 35a *MUSCULATURE OF PHARYNYX (This is
_ EEERCA N EREEE Netter s plate #20. ) |
L A o o & .
2 6 36a *PHARYNX \VIEHED FROM BEHIND) (This is
e | Netter's pIate #7:) . : |
> |6 | 37a | *MUSCULATURE OF: PHARYNX (VIEWED FROM '
o _ L’_BEHIND) (Netter s plate #21 ') '
2 6 38a | “*MUSCULATURE. OF. PHARYNX (SAGGITAL sscheu)
~ (Netter's plate #19.) -
21 . 6. i 39a | *ROOF OF MOUTH (vxewen FROM BEHIND% B
EARERE N EENAN E (Netter s platc. #5) | -
2 6 | 40a | *FAuces (SAGGITAL sscrlou) (Netter's;
p]ati‘ #]4 ) , i : ‘~
2 6 | 412 | *LEAVTOR AND TENSOR MUSCLE SCHEMA |
S s (D Sie enthaler s drawing of these
- . muscles. ? ; A
2° | 6 | -42a | *EUSTACHIAN: TUBE OPENING I QVelum loyened)'
2 6 43a *EUSTACHIAN TUBE OPENING II "(Velum raised.
B DR SRS I Pa'savant s bar is. shown.) : o
2 | 6 442 | SEUSTACHIAN TUBE OPENING 111 (Velum .
intermediate) ‘ :

f
' i
H

*The "a" designates the second tray of siides in the CAL ‘greup,
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Week- | Chapter| Slide} - - ...

No. No. No. Title of Slide and Brief Descriptﬁon,\
31 7 10a | *SCHEMATIC OF OSSEOUS LABYRINTH (Simi%ar
bl o1 to stucent! s Handout with all parts

1 labeled ) RS ,
3|7 | 1w ICOCHLEAR CANAL 1 (Long closed tube. )
3 | 7 | 13a| " COCHLEAR CANAL IT (Same as'siide 12a
| | with spiral Iamina added,} ‘
3| 7 | 18| cochLEAR CANAL 11T (Same as 132 with
| o tube curved.)
3 | 7 | 52| cOCHLEAR CANAL 1V (Same as. slide 14a
L] with tube helical ) | ,
3 7 Y6a | *COCHLEAR CANAL V (Siide as 15a with
| cone (modiolus) inserted inside he11x )
3 | 7 | 18a.l *MoproLus wITH ForaMINA (Similar to .
o slide 17a with cutout showing foramina
SRR vin modiolus. ) : | 3 :
3 1.7 19a rd*SECTIONAL VIEW OF COCHLEA {Cross section
LU T T S of co.h’ea.) L i ' ‘ -
3 | 8| .20a ”C‘MEMBRANODS‘LABYRINTH:I (Similar to stu-
" -~ dent's Handout with 11 osseous parts
o ] tobe labeled listed on bottom. g
3 8 Zld' ‘MEMBRANOUS LABYPINTH 11 (The parts given
R .on slide 202 are now labeled ) ‘
3.{v: 8% |i22a | MEMBRANOUS LABYRINTH IIT (Shows membranous
, vestibule with parts not labeled. )
R R i 23a MEMBRANOUS LABYRINTH IV . (Same as slide
o . | ?Za with parts iabeled ) ; A
EERSR TR SRV BRI .
3 8 V2 YU MEMBRANOUS LABYRINTH v (Membranous‘
semi-circular canal added with parts
f:*’not 1abe1éd ) , |
3..]...8 _ | 25a ,”MEMBRANOUS LABYRINTH VI (Same as slide
24a with parts labeled.)

PR I

J S

. L e

v I i [ o S s

pant st

Co. .o OO GO O
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Chapter.
No. | 'No.

S1ide

No.

Title of;Slfde¥apd Brféf Dégﬁrfﬁfion :

, ., ,
- T o [
3 ;- 8

R O LA e

P , ta 1

262

~27a

| 283

zga y
‘ . o A tor
- . N

.Ugi;.

MEMBRANOUS LABYRIETH VI (Cochlear duct
- added with paris listed but nct labeled.)

MEMBRANOUS LABYRINTH VIII (Similar to
- s1ide 26a with parts Tabeled.) |

MEMBRANOUS LABYRINTH IX ‘(Spiralllamina

- added:)
#MEMBRANOUS LABYRINTH X (Similar ti stu-

" dent's completed Handout with all

parts added and labeled.)

'MEMBRANOUS [ABYRINTH ¥1 *(CONNECTIONS TO
BRAIN) (Similar to student's second

. Handout showing. osseous _connections to

brain cavity, no parts iabeled but parts
~are listed.)" ~ s o o

 #MEMBRANOUS LABYRINTH XII (CONNECTIORS TO
CBRAINY (Similar to slide 30a with all:
... parts labeled.). .. .. . L0

4‘\$’ -

e N

50a

WHICH WAY IS DOWN? (Man's head with
maculae shown in utriciz and saccula.)

51a

52a

*SCHEMA OF COCHLEAR CANAL (Similar to
student's Handout with all parts
labeled.)

*QRGAN OF CORTI (Similar to student's
Handout with all parts labeled.)

4 1

53a

b4a

*SCHEMA OF COCHLEAR NEURON CONNECTiONS
~ (Three pathways of VIII N. neurons
are shown in cochiear canal.)

*MAJOR TOPOGRAPHY OF BRAIN (Five lobes -
of brain with other prominent features
shown. Lzteral view.).




\
hY
&
Y
,

Week
No.

Shépter
No. .

»

S1ide

~ Neo.

Title of Siide and BfferDé§crfbtiobf"

PRI

1,1]"

BT

-
R

- .

1.
o,

| 578

56a

1. 59a

" *ACOUSTIC. SYSTEM I

58a |

- *ACOUSTIC SYSTEM IV

*SEVERAL SPECIALIZED BRAIN AREAS (Broca S
area, Heschel's area and Wernike' s area
are shown.)

(Similar to student s
Handout and no parts labeied )

*ACOUSTIC SYSTEM 11
shown.)

*ACOUSTIC SYSTEM'II1
neurons shown.)

(First order neurons
:(éecond order

sty (Higher order neurons
shown % | |

' NO ANATOMICAL SLIDES @ §
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Appendix D.3 L .
Sample of Speech Pathology and Audiology CAI Program

Label Cp Code Argument

This section is taken from the
fourth chapter of spa430; Chapter &
covers the contents and functions of
the middle ear. The sample program

~ below demonstrates one of the ways a

" student is guided by a series of
questions to complete an anatomical

~ "Handout. It telles the student to £fill
i his Handout unaided - then shows i
" the student a slide of a completed
Handout ~ and finally asks the student
_to question the computer or the items

missed. This procedure is intended

to allow a student to proceced at the

‘pace he requires, while presenting

U0 e

7 all of the mqté:1g1~to all of the

Y

7;‘ ‘iz,studén;s.*
SIS L I . tape//85x i -
T fn T slidef/43x -

ty . +,(linefeed),,

"This generates extra spaciﬁg
between typeouts. This format helps
separate items within the program.

gy’ -4-1.  We have just completed a schematic

representation of the boundaries of the
middie 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. A1l material indented to this position represents
author's explanatory comments about the stored computer progivam.
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Label Op Code Argument
ey 0, ,(1inefeed),,

: qu Have you read pp. 18-2f in Newby?
3 nx 4 y ‘
fn kw//1 .

T ca ) yes

An example of keyword processing;
" the slash (/) is used as a delimiter
- “to separate keyword responses. The
computer searches the student's re-
‘sponse for a grouping of letters
"gyes." 1f "yes" is anywhere in the
_ response, the following ty is typed
. out. s

e SRR R I =T EFT
U R AR TR ST AR TS AR T A

f gy Now pay special attention to p. 19. Fig. 2-4.

Take the three plastic ossicles; Took at

oo them carefully and compare them with Fig.
TR 0 2-4,  The tenticular process of the incus
R is distorted in the sketch. However, for

S S

our purposes, both 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. Then ciose your book and

| press:

nx
SUAE RV 7L |
C owa, o .m0 o
ty. . .. Do-it now. Type yes when you are through
L 1. reading. . o ) :
R A"‘i PR I - This prevents the student from
Teae e e proceeding¢for‘30“8econds; presumably

. " gufficient time. to "stimulate" the
- gtudent into doing the required reading

assignment.

r LI

un Type either: yes (ov) no
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Op Code Arqument

ty ss(1inefeed),,

ty The next Handout is intended to show the
ossicles of the right ear in their approxi-
 mate relation to each other but disarticu-
lated. Along with your Handout, have on
hand the ithree plastic. ossicles and Newby.
Press: EOB when you are ready to begin.

The studeat ie referred to his
Handout, which contains a gketch of
each of the three bonecz in the middle
car (ossicles). On the Handout,

.*lettered extension lines point to each

. “of -the patts of interest. Below each

. ossicle is a-list of parts. It is the

.~ gtudent's responsibility tc match the
A pagt Withi the line. . ‘

(rd , . ””,‘) , o o
““ty ' ,.(linefeed},, “
ty 4-2. Consider the hammeér. Using words

found in the list below the sketch of the
 hammer, fill in those lines (A-H) that you:
are very sure ycu know. -You may leave some
lines blank for now.  For your owa benefit,
. don't.do this by the process of elimination.
', Press: EOB: when this is completed. |

fn . wait//15

rd .9999
ty ~ ,s(linefeed),,
. fn " slide//43
0 slide-43 v G N
ot o e1. 01 you canndt identify all the labeled

< e parts of this ossicie, ‘type the letter
.. ;> of one unlabeled part. Material w
then be presented to help you fill in
the unlabeled part.




Label Op Code Argumaent

Slidé 43 (cont d)

2, Repeat Step '#1 as often as desired.
'"“3.‘ When ail parts of this ossicle are
| Iabe!ed type, go on ‘

(W l‘ o "s.’s’
ca. . 90 on

‘When the student has labeled all
.the .pazrts of the ossicle, he types:
. .. ge.on. {eee 2lide 43). Upon typing
i go-on. the-following ty is typed out
and slide 40 ie shown, followed by
tape message 85,

ty Compare‘your Héndoq&uyiﬁﬁ the folloéiug siide.
fn. . slide//a0 '
Sliﬁe 40 ;“51, o f;fi>‘

o "This slide Shows'a sketch of the ossicle the
PV stodent has just completad, complately
labeled.-

.4 I

fn tape//85

Tape Message 85

W i

S Check your Handout with the slide. MNotice
\‘1 that the names of the parts of the hammer

‘ make sense, For example, the head of the
SN -hammer {s attached to the neck. The liga-
SRS f~‘*ments and processes ‘are names for the

e .
'y

N e

‘@K: IR . directjon toward which they point.
¥ ty ,,(linefeed),,
: fn - tape//86x

—

— ™ ™

L

t_..

g

-
—

il
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ode Argument Ly e

Labei  Op Code T N TP
X . ST
fn  sb///nx1//a0///alpha
"If the student has not typed "go
cn" he will be asking for information
about one of the parts of the ossicle
(sce :ontents of slide 43). This:
statement is a subroutine uwsed to make
sure that the student’s response con-
silsts of one: letter; only. The:student's
response cannot be further processed
until this criterion has been: mec.
nx | ‘
fn kw//1 L
ca. /a0 )
fn slide//43x ‘
ty (linefeed),,
.br . hmr-a E
| The above sat of six statements
processes the one letter response of
the student to.see if-the letter "a"
is typed. The, comkination of the-
subroutine (previousxy described)
and 'the keyword processing in. this
‘set makes it possible for a student
to.type any vatiatiqp of the lgeter
"a" and still be recqgaizede (a a.
A &, -a) are examples of what would
be recognized as correct
XL ;
fn - kw//1 o
ca U 4 T
n - slide//43x
ty »»(linefeed),,

“obr - hmr-b -




Argument

Since the first ossicle, the
hammer, has eight parts, the proces-
sing of student responses a through

.- h take~ place in the same way.

sy .

RRLIE /A B
eall
o rslider/ddx

Lty sh(Minefeed),,

br ~ hmr-h
nx ~
fn ~ kw// o y
wa 13731k m/nlolpla/r/s/tIu/vIwIx]y]2
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 1
o ' “through Z have no meaning as a response.

~
ity

”ff§ “?1pr_sh6u1d~have typed a letter referring to
ra. o7 the hammer:  Youw didn't. Try again.

:'inéad-theisﬂidé.nnypee go on if all parts
>-‘{f‘of'thélhammeriare*labehed. If not all
'~ Jabeled,  type: the-letter of one urlabeled

BRLLAR |
.- 1f you have made an error or two and would
1ike some help, type: help

I¥ your labels are all correct and ‘you are
ready to proceed with the anvil, type: anvil

This qu can only be reached by the
student who has ‘completed the fivrst
ossicle and is ready to proceed to
the second one. ‘At this point, the
student is given another opporxtunity
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. '




Argument

pa0//2//50
help -
4-2

paO//Z//GO

anvil "‘,“

slide//43x

", (linefeed),, -

4-3 |
Type either: help (or) ‘énvil

Here we start the processing of
the eight (a-h) information seeking
responses the student can make. After
the student has been through the
series of statements that contain
information on the part desizsd, the
computer goes back to. showing slide
43 and processing the student's
response again--as oftex as desired.

Part A is the topmost part of the maileus.

. Note that it is.the part of the hammer that

- "strikes" the anvil What part of a hammer
strikes an anvil?

© kw//1 ‘

/head

Correct. Label A as head
wait/ /5 ‘
4-2

- A i5 the topmost part of the malleus. What
is your topmost part?

}




Label  Op Code  Argument T IS S S ISP
The un response is typed out to the {:
student whenever he responds with ‘
something unanticipated by the author. =
un Incorrect. Try again. iji t; T
un Try: head o -
o Type it. , S L
Here is similar processing jor \ —
student response. b
hmr-b qu Part B represents a ligament Nhtth one? -
: RX - S T:
fn kWU . -
ca / lateral | - -
.ty 'Correct.. T ' =
Cfne o tape//86 - . ¢ . n
JfRT Ctapeygerx | :
£q~:“$nféje4 ,wait//s
B TN = SR |
“oiwa .- -sideward

The' wa- is an example of a possible : i .-
SR ‘anticipated wrong response. If "side-
oo T e i e 'ward™ 18 typed by the student, the
following ty is typed: out.

ty Correct. However, answer the question again
using the more technical anatomical term
for things going to the side.

TR

nx -
¥n kw//1 1
wa /‘up/ for
: ‘ Yv ‘.This wa is processed with keyword.
The*efore, all student responsas
starting with the letters "up" or._
"for" (e.g., up, upward, forward)
will have the following ty typed out.
.ty Incorrect. Look at B and at the word list.

Try again.




Label Op Code Arqument

yii:xﬁﬁ;~{wfﬁ'3here are only three ligaments on the list
- o+ ,. -ef.terms below the hammer. Does B point -
forward, sideward. or upward? /ry again.

_u@§n¢‘}'?ﬂwhat term(s) on’ the 115t refer to a ligament
.+ . . pointing to the side?’ Try. again.

un Type: “lateral iigament

Similar processing occurs for
student responses ¢ through g.

 hmr-h qu Part H is an area specialized for contact
with a second bone (notice the dotted Tine).
What dees H refer to?

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 vhen it contains
the words "facet" and "incus" in that
order no matter what else is typed
before, between, or afterwards.

ca / fatet 7 incus
ty Correct.
fn tape//89
fn tape/)QOx
. fn wait//b
‘ br 4-2
un The special name for this area is "facet.“
Try again.

This is the beginning of a similar
presentation on the second ossicle.




Argument

Tro3e, L

... 4-3. Now corsider the anvil. Following
the same procedure that you used with the
hammer, fi11 in oniy those lines {I-H)

~ that you are very sure about. You may
leave some lines blank for now. For your
.. own benefit, don't do this by the process
“of elimination. -When you are ready to
proceed, press: ‘EOB.

+




Appendix D.4

Flow Chart and Interpretive Notes
for the First Part of SPA 430

OUTER EAR BLOCK
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TEST BLOCK INNER EAR BLOCK
KEY TO FLOW CHART 23. Did student make = 50% erzors on inner ear and
. temporal bone?
1. Signcn . e:-start Press: EOB
2. In?ro:ut:uo?fo CAI SPA 430 24. “Do you want to cover inner ear and temporal bone
3. Overview of outer again?" ‘
4. “Dgr;oiwwant to sfia; outer ear?" 25. Did student come from Test Block (inner ear and
5. Outer ear subprogram temporal bone)?
6. Did student make 3 33% errors on pinna? 26. Did student skip outer ear subprogram?
7. Remedial subprogram on pinna 27. Test on outer ear
8. "Do you want to cover pinna again?" 28. Did student make ¥ 33% errors on outer ear test?
3. Did student come from Test Biock (Outer Ear)? 29. "Do you want to take outer ear subprogram ?*
10. First question on middle ear 30. Did student skip middle ear subprogram?
11. Did student make 3 33% errors or pinna? 3l. Tesgt on middle ear
12. Overview' of middle ear 32. Did student make = 33% errors on middie ear test?
13. "Doyou: ntto skip middle ear?" 33. "Do you want to take middle ear subprogram?*
14. Middle -ut subprogram 34. Did student skip inner ear and temporal bone
15. Did student make > 50% errors on middle ear? subprogram?
16. *“Do you want to cover middle ear again?* 35. Test on inner ear and temporal bone
17. Did student come from Test Block (middle ear)? 36. Did student make = 33% errors on inner ear and
18, First question on inner ear Eemporal bene test?
19. Did student make = 25% errors on the last time 37. "Do you W‘"‘s to take inner ear and temporal bone
through middle ear subprogram? fubprogram? ' .
20. Overview of inner ear and temporal bone 38, "D° you want to ask 3!!? questions ?
21. *Do you want to skip irner ear and temporal bone?" 39. "Type your questions
22. Inner ear and temporal bone subprogram 40. On with the course. Proceed to chapter 2: Detailed
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Sample Student Handout for SPA 430

PHARYNX & ADJACENT STRUCTURES

fossa of Rossenmulier

soft palate
. nasopharynx

torus juberus

hard palate

~ orifice of Eustachian tube

o
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Introductory Management Acccunting -CAI Course -
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‘Yomewdrk Problem Assignment . . . . . . . . . 231
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Case Probiems with Homework Problem S
Assignment . . . . . . . . e e e e e e e e 241

E.3 Course Outline for Accounting 102 :
(Introductory Management Accounting). . . . . 245"

E.4 Related and Supplementary Materials
Available in CAI Reading and Self-Study ,
center oooooo .9 o e ¢ & e o e e @ e e 251
E.5 Sample of CAI Introductory Management ‘
| Accounting Prcogram . . . . . . . . . . . . . 253

E.6 Sample of Static Display with
Recapitutation for Homework Problem . . . . . 257
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st o o hppendix B
o s Sy
.jigéiihdicétéd in fhei"lﬂéffﬁééioﬁé }oftghép;er 9," ybﬁ §erg‘
no@*fgéuired to read the section entitled'“ba§56 En¥¥f§§ijn, |
Stig?#f&;COét Systéms}" The first Secfioﬁjof fﬁé Qﬁbbfémentany
readiggQagsiggmgqt is intended as a replacement for the above .

section of Chapter 9. The second section consists of a brief ..

discussion of the speilage variance.

Journal Entries Under Standard Cost Systems
The method of recording standard costs in tbéf§CQOunt§i 2o

set forth below, is generally feferiedyib_as the single pian.!

Under the single ﬁiaﬂ,.wdfk:in process is charged (déb{tedf'yith
standard cost of operations (expressed in terms,of_eéuiyalgn;
units) completed, and werk in prbcess is credited wjth‘sténdardl,
cest of finished goods completed. Separate accounts are main- .
tained for each of the variances.z_ Standard cost journal entries
as illustrated below are based on data previously*presentedjjn
the section of Chapter 9 titled "Calculating Variances--A Com-

plete ITlustration.”

}Termino!ogy same as that appearing in Accountants Cost . .
Handbook, 2nd Edition, Robert J. Dickey, Editor (The Ronald Press
Company., New York, 1960), Section 16. ,

2And be careful te note that the "best" method of calculating
variances is employed at this point. More specifically, oniy 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 10 000 units produced

Materials. 10, 000 poands @ $0 0005 per pound . . .$50.00
Labor: 40 hoiurs @ $2.00 per hour. . . . . . . 80.00
-, MYariable factory: overhead 6: $0.3¢ per standard S
direct labor hour. . . « o .« 12.00
Fixed -factory overhead @ $0 20. per standard IR ,00,,1
(] [ ] 8.

airect labor hour. . .

During the year 50,000 units were manufactured; ncrmal volume was

calculated as 220 direct labor hours. The following data appear
in the records: B T T P

(1) Purcgased 60,000 pounds of materials at $0 004 per
poun AN
(2). Lzed 52,000 pounds of materaals (actually costing
N TEL004 per pound).
(3)_ Actualt direct labor hours worked amount to 190 at
" a-rate of $2.10 per hour. RS
L 24; Actual variabie factory overhead amounted to $76 00.
(5) " Actual fixed factory overhead amourited to $45.00. "

A complete ‘set of journal entries to reflect the above data

in the accounts is presented below. 'NhiTe work in process is’
both charged and credited at s%andard”co§t, the variance accounts
serve s a reconciliation of "actual" and standard costs (since
by closing the variance accounts into wovk in process prior to
transfers, the dccount ‘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 Compiéte T1lustration.” "

. -
Sk e s s . ) .
R R T Lo sl

PN « M
IR NES X

. TOTAL STANDARD €OST . -  $750.00 .

P )
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(1)

" To record purchase of raw materials*

Dr. Raw wmaterials inventory (@ std. cost). .$300.00
Cr. Materials price variance . . . . . . . . .. $ 60.00
Cr. Accounts payable . . o ¢ ¢ ¢ ¢ ¢ 6 o o o o 240.00

To charge raw materials inventory account for actual’
quantities of materials purchased at sZiandard cost, to
credit accounts payable for actual amount due creditors.
and to debit or credit materials price variance account
for the diff ence , ,

(Notice thac the variance accounts may be debited or
credited depending on facts given in the problem )

* Wnder the single plan, raw macerials inventory is carried in the
accounts at standard cost. In view of the responsibility”
accounting concect it is preferable to record the moterials price
variance on the basis of actual purchases so that the time la
between purchase and usage does not obviate the control signifi-
cance of this variarce! Regretfully, in some problem’ situations
data with respect to purchases are not given in which case the
materials price variance must be calculated 2n the basis:of -
amounts requisitioned. In the above example, the alternative
takes the following form:

Dr. Work in process (@ std COST)e o o o .$250.00

Dr. Materials usage variance . . . » « « « » 10.00
Cr. Materials price variance . « « ¢« o« o « o & .$ 52.00
Cr. - Raw 'materials ‘inventory l@ actual -cost). . . 208.00

(Obviously, raw materials inventory is cavried in the
accounts at actuai cost if recording of the materials
price variance is deferred until the date of requisi-
tion or usage. Notealso-that the materials-‘usage
variance is also included in the above entry.

.. 4y

, . LT Tael ot s !
o, ‘e S ot
- “ el s

To recoro raw materials requisitioned

Dr. Work in process (@ std. cost) . ;‘.$250.00

Dr. Matericzls usage variance . . . . . . . . 10.00
Cr.  Raw materials-inventory (e std cost) ch ‘gl:$260.00

To charge ‘work in process: f0r standard qoantities of
materials allowed vor production meeting standard
requirements, to credit raw materials inventery for
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actual quantities used at standard cost, and to debit
or credit materials usage variance for theidifferenee.

(3)
- To record direct labor
Dr. Work in process (@ std. cost). . . . . .$400.00
Dr. Labor rate:variance. . .. ... s « ... . . 19.00
- .Cr. .- Labor efficiency variance. . . ... « . . . .$ 20.00
Crs - . Accrued payroll. . o . . v e e e eie e e e 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 duc workers, and to debit and/or credit
.. .. labor rate and efficiency variance accounts for. the
difference.- . o L
. .To record actual variable factory overhead incuried

Dr. Variable factory overhead {control . |

fu-account)o . e & o a o s .8 o o+ ¢ . e o o u$76000

Cr. Appropriate asset, valuation or - ,
contra and liability accounts. . . . . . .$76.00

()
. To vecord actual fixed factory overhead incurred

Dr. Fixed factory overhead {centrol | :
‘,N*QCCOunt)‘. ¢ & o, ¥ o .0 o . e o o o . o:¢$45066 :
Cr., .. .Appropriate asset, valuation or S

. ..contra and liability accounts. . . . . . .$45.00

(5a)
To record variable factory overhead applied to production

Dr. Work in process (@ std. cost). . . . . 2$60.00
Cr. . Applied variable;factory .overhead. . . ..+3$60.00

p 10 charge work in.process for standard quantities of
variable factory overhead allowed for production meeting
..standard requirements and to credit applied variable
factory overhead control account for same amount..

i

T T -
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t o (5b) -
© ‘To record fixed factory overhead applied to production ~: = .

. Dr.'Work in process (@ std. cost). . .'. . .$40.00
R 4 Applied fixed factovy overhead . . . . & .$40.00

* ‘To cliarge work in process for standard quantities of
fixed factory overhead aliowed for production meeting
standard requirements and to credit applied fixed
factory cverhead control account for same anount.

ot BT

Rl ot TR (11 % A A R R
To reflect variable factory overhead efficiency variance
n the accounts T B g

- U, Applied variable factory overhead. . . .$60.00
Dr. Variable factory overhead efficiency

g vari anCé : T e 6 s e 676 @ " e e e o @ 'o' o':'l ]6‘000 - ‘ ! s " 0 ‘
S 1 S ‘Vagiable.factory,oyephggd (control o
e e o account) . o . "lo "o :'o o‘. ,o‘ o" ' o‘ * 70 :’o‘( * e’ )o ‘o*$76 000 SRS

' Te close "actual" and "applied" variable factory over- <
~ head accounts and debit or credit variable factory
" overhead efficiency variance for the difference. "' .
(Hotice that the difference between the two variabie
overhead accounts always represents the variance
under this method of recording the entries.) i .. . =l

L . -, - ) R
S T e
' *

&

To reflect fixed factory overhead variances in the accounts "~

~.pr. Applied fixed factory overhead ™. ... . .$40.00:. "
. Dr. Fixed factory overhcad volume |
SRR Vari ance . o lo o‘“{'o e [ ’ao’ \o““ 'o Tef ‘o L] o'“ ‘o' “(o‘) - 4.00 ) Tl ;

Or. Fixed factory overhead budget

[N

O "Vafz’f"aﬁnce \0"'“.‘ ‘6" & e "6 o e o e o o o ®
N+ Y Fixed factory overhead (control

‘aé‘count) e o ''e @ Tem 0 o e e e e e “e o ‘e o ’c$45000 :

"“To close "actual" and “appli&d“-fﬁxed‘fdctoryaoveré.‘ﬂ e
_ head accounts 2nd debit and/or credit the difference
- to the appropriate variance accounts. '(Notice that '~
a closing of Zhese accounts yields a "net" variance.
Thus, formuias for the fixed factory overhead budget ..
. _and volume variances must be used in order to calculate
27e0 0 the “grass -amount of each variance.) = ¢ ..o T
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(7)
To record transfer oi units completed to finished goods inveatorl

Dr. Finished goods inventory (@ std. cost) .$750.00
Cr., Work in process (@ std. cost). w v o o o +$750.00

= o e

. To .record completion of 50,000 units at a standard cost
of $l50 00 per l0 000 units ey :

=
‘NII‘ .

When the gadgets are sold ‘finished goods ihvehtory'Shodld be
credi ted and cost of goods sold debited for the standard cost of
units sold - "(:Efﬂ”;j;’féfxvf Lol TR
NOTE: «A FIRST STEP IN RECORDING ENTIRES UMBER A STANDARD
COST SYSTEM TAKES THE FORM OF DETEPMINING STANDARD PRODUCTION
WITH (RESPECT TO EACH OF THE COST ELEMENTS GENERALLY ONE FIGURE
- IS GIVEN IN PROBLEX SITUATIONS NHICH INDICATES THE NUMBER OF

STANDARD UNITS OF OUTPUT PRODUCED DURING THE ACCOUNTING RERIOD!

= = /s = =

B Tas e . o e g
o v . . .. H oy 2

The Spoilage Variance .f':?;f{ _;a' AU

This section (of the "Supplementary Reading Assignment" for
3 Chapter 9) -should be read after you have studied the section.of
1 the chapter which is titled. "Additional Variances--The apoilage
Variance." . An important conclusion to be drawn from that section
t is this: Accounting for spoilago under ‘a standard cost system
or historical cost system. That is, spoilage must be classified

as being either normal (or experted) or abnormal (or unexpected;.

Costs associated with normal spoilage are reallocated to good

===

units produced, whereas, osts associated with abnormal spoilage

are treated as a loss in the income statement for the period.




A specia. spoilage variance account may or may not be

included in the accounts for a standard cost system. | sider
the following examp whe re it is first assuned that no spoilaoey;
variance account is maintainod and second that a special spoil-'f
age variance account is maintained: .

Standard Cost of Producing One hat°

’ 7

.
<

Materials: 2 yards of straw e $O 50 per yard. . 1.00
Labor: - 1 hour €.$1.50 per hour. . i'.0w:v « o 1.50
Variable factory overhead @ $O 50 per st=ndard
d"reCt ]aber h uvre . e 6 e 8 e ‘o’ o:o ° .‘~Q.59
Fixed factory overhead e $l OO per standard
direct labor hour . . e e e e o % e . . 1,00
STANDARD COST OF PRODUCTION BEFORE o
g'U!LAﬁE . L) [ . . . . {.'ouo ; . . . $4000
Add on normai {stardard) spoilage allowance
Of 10% s ! d e e e ‘¢ o o<"0n40
STANDARD COST OF PRODUCTION INCLUDING
ALLOWANCE FOR NORMAL (STANDARD) SPOILAGE . . $4.40

| |
2
H

The following data appear in the récords: =

(1) 120 hats were manufactured: 100 meeting standard
requirements and 20 unacceptable.

(2) Used 250 yards of straw @ $0.53 per yard.

“{3) . Actual direct labor hours worked amounted to 125 @ a* -
irate of $1. 60 , |

y !

REQUIRED: Calculate all variances for which data are available.

(1)
Calculations Assuming No Special: Spoi.age variance

A review of the above data indicates that the fol‘owing variances
can be calculated ‘

{l; Materials price variance
Materials usage variance

(3) Labor rate variance

and (4) Labor efficiency variance
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When a special spoilage variance is not used, it is necessary to
work. with 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 $4.40.
This means simply that the physical standard has been increased
by 10%.(and consequently the.standard cost).- ot -

Calculations assuming that no speciai variance
is used for _poilage

(1) Materials price variance gt (SP AP)AQ
e ' ($0 50 - $ 053) 250 yards -'$7 50 (U)( )

‘-.L.

ot {2), Materia"s Jsaoe variance - (SQ AQ)SP
Tl ;zlz’(leb) _2501$0.50 ‘r~'£"‘
={220 - ?.50;'$0 59 S I I S

TRT §$l5.00(U) . lu;g*gi

2o d3) 'abor rate variance - (SP AP)AQ _j'” |
= ($. 50+~ $1.60) 125 hours = $12.50 (V).
(4) Labor efficiency.variance --:(SQ;AQ)SPL

[1 1(100)- 125]51 50 .

$22 50(U) .

ey ;
ool
£ 8 . .

««««««

Calculations assuming that a special sp01lage variance is used

(l) Materials price variance -- Same as above why?
2) " ‘Materials usage variance =2 (s0- AWYSP yl“f”?x”fﬁ
.. [2(120). - 250]$0 50

-(240- - 250)$0:50
. $5.00 (V).

'll ll’

e n
L g an iy . . .
N 1ty 4 "o ?
Lol SERCT R T I

{3) Labor rate variance -- Same as above; why?

(4) Labor efficiency variance - (SQ AQ)SP
(120 - 125) $1.50 = $7. sg (L\f

S Bl

(%
'Denote ain unfaverable variance by (U) and a favorable

variance by (F).
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(5) Spoilage variance -- (Actual spoilage - standard
spoilage) Standard Cost Before Spocilage

(20-10) $4.00 - $4C.00

HOMEWORK ASSIGNMENT:

(1) How is abnormal speilage treated in a system where a
special spoilage variance is ngt used?

(2) Explain the differences in the usage and efficiency
variances under eath method.

(3) Why is Standard Cost Before Spoilage used in the
formula for the 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 spocilage allowance. Why?
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- Appendix E.2
~ +Case Problems

~ STANDARD COSTS--ACCOUNTING PROCEDURES
- (Instructions'for;Chaptertg)-,,,n,

In addltion to reading introductory material included in
Chaptar 9, study the following sections -very carefully Oomit
all sections which are not listed below.

(1) The Yariances of Standard Cost Accounting

i Direct Materials Variances '

Direct Labor Variances (* )
e Variable Factory Overhead Variances g
“«(d) Fixed Factory Overhead Variances--lhe Budget
Tt Yariance "
(e) ‘Fixed Faitgry Overhead Variances--lhe Volume o

Variance

(* )In addition to learning formulas and how to calculate all of
the varfances it is necessary to know the BEST variances for both
varfable and fixed factory overhead costs. Notice that the sum
of the two variances which are "discarded” in each instance yieild
the BEST variance, i.e., the variable overhead efficiency. variance
and the volume variance for fixed factory overhead.

*:;(2) Calculating Variances--A Complete Illustration\
(klso study Exhibits 9 1 and 9- 4) .

- (3) Calculating Transfers and Ending Inventories o
i ‘(4) Standard Costs for Individual Areas of Responsibility f?
- (8) Job-Order Standard Costs

a) Procedure for Building Standard Costs
b) An Illustration: (In order to minimize confusion,
it may prove beneficial for you to reread" :
Section 5(b) and rework the example by utilizing
' journal entries and other procedures as discussed
“in the SUPPLEMENTARY READING ASSIGNMENT for =~
Chapter 9.) 1In other words, consider carefiilly”"
the last paragraph in Section 5(b), which points
~out the method of recording journal entries as
set forth in the above- mentioned “Supplementary
Reading Assignment."

e




(6) Special Issues in Standard Costing

(a) Additional Variances--The Spoilage Variance (See
also the SUPPLEMENTARY READING ASSIGNMENT for
Chapter 9.)

(b) Dispositien of Yariances (Relate this section to
questicns in Chapter 8 concerning accounting treat-
mert of "over- or underapplied" fixed factory
overhead under each available measure of capacity.)

)

(1) Appendix A--Alternative Approaches to Fixed Factory .-
S Overhead Variances CL : L S

STANDARD COST VARIANCE ANALYSIS .

A fundamental conclusion of Chapter .§ (Keller-Ferrara text)
is that-:seven calculations are necessary to accomplish an ele-
mentary Tevel of standard cost variance analysis. Consequently,
tg: following-formulas are to be used for problem solutien in
this course. - .

v,~’MATERIALS | | N
) ) ' (a ‘ Pri Ce Variance ooooo . ; e o o o o e (SP' ".'AP. AQ“ ,
o vﬂ(b‘<:Usage-or Guantity variance. . . ¢ ... .(SQ - AQ)SP:-
o LABOR . o - S

2a; Réte-dr Efficiency variance . . . . . .(§P';\AP5AQ'\
b) Efficiency or Quantity: .o. + ... .. .(50Q "AQ)SP

VARIABLE FACTORY OVERKEAD EFFICIENCY VARIANCE'

(a)?IActual variab}e factery overhead”- Stéﬁdafd " standard
S L © o cdirects g variable

labor factory
hours* overhead
rate

ote that this formula is the algebraic sum of the two variabie
factory .overhead variances which are explained in paragraphs

two and.three of page 204. 'The explanation which supports use

of t2$ above’ formula is _given on pp.. 204-205. Read it with under-

' ;

,;*Okiwhétéverméasure of ‘activity the;“standard allowance"
fgr“acceptable production is to be expressed.




W oy,
y

FIXED FACTORY OVERHEAD VARIANCES

(a) Yudget variance . . . ;-(Budgeted fixed factory
overiead - Actual fixed

faCtOPy_fave.rﬁgagg) SR oo

(b) Volume variance . . . .V(NermalvéoTamezf- Standard

hours?)Standard fixed factory
overhead vrate ~ - - 0

. N P

ZOr whatever the capacity concept being used, however expressed.
Notice also that the volume vaipiance formula given above . -
represents the algebraic sum of the two fixed factory over-
head variances shown at the bottom of page 207. “Reasons for- .

preferring the above formila are set forth on page 208.

Indicate, by the use of F.or U designatién, whether variances

v

are favorable or unfavorable when you solve problems.
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>
%

L

HOMEWORK PROBLEM NO, .} . .- .
Chapter 9

CalcuiiiiQQLVaéiancesf‘f.

_-.Assume the following.data concerning one month:

Actual Manufacturing Costs Standard Manufacturing Costs Applied

Materials {1000 units Materials (1100 units @ \
Labor (3200 hours . . . Labor (3250 hours @ $2.10) . 6,825
@ $2) < o . . 65800 - L
Variable averhead . 4,100 Variable overhead (3250 hours - - .
‘Uu ) L yoo . .@,$102,0)~,"1' . . e . ,‘ 3’900

Fixed overhead 4,200 Fixed overhead (3259 heurs

. ... 8.%1.20)- . -.3,900
... 20,700 . - | *3f~ﬂ‘2i:ll5
REQUIRED:*
Calculate (1) Price and efficiency variances for materials 3
and labor. B

*(2) Efficiency variance for variable factory overhead.

e v
LN [

(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 actuai and
standard costs (21,115 - 20,700 = 415),

Z SO £ R i
FONPY - DERRE LY ..
ALY A SR . - -

LA Do R
Na AR S
ST A
P

(*Jyse the "best" method for calculating the overhead veriances,

e T
KT RRNGTNA
PR

.
s .

Ui O
‘ AL e

)

3,_:-"1.’\
A

. <
| ionie J ovnne, IR s TR ot
D a ol e o RS Nl .
ki e ~
FREY "'! c‘\

-
St et
ol
Cosis RIS N
Wy PR
’. SAR SEETW,
) AN tad 4 2N e 425
" [P T oy g
< . tee AR ¥
. AN B N
» N . o
R ]

sty
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Appendix E.3 S g

Course Outline for Accounting 102 - Spring Term, 1966
Field Test Prqivpt

roug 1: Lecture Groqp

W11 be in attendance at all class meet1ngs (MWF 1) with the
profes or, Dr. Cramer.

14

. B ‘ o
ASSIGNMENT AND OUTLINE SCHEDULE
Date . Period = ~Topic .. . . ... Assignment .
.77 TS S Lecture Administrative
a2 ,Intro. to Mgmt. Acctg.  Chap. 1: Horngren*
S ‘ | Chap. 1: Keller &
L - . Ferrara** .
4/8 3" ‘Accounting Concepts " ‘Chap. 2: Horngren
- ‘ ' " & Terminclogy ' Chap. 2: Keiler &
- ‘ e R ... Fervara . S
ks CLoee - SR ~ 'Review: 2-2,5,8,12""
g L Do: 2-19 K & F
.f;f 4/11- .- 4. .. lLectuve - Respoasi-. .5 .Ghap, 3: K &F
] - bility Accounting “Re?ieW° 3-2,3,4 K&F
S Do: 3-14, 17, 15
" i SRR . S - e K &F . A
.11:«‘(:7 R o '; ' ‘ ‘ ' - T
o 4413 xﬁlﬁi,g‘ﬂ_Cost-Proflt Volursy ""Chap 3: Horngren
Lt Relationghips ' Review: 2-1,3,4 Hk
4715 6 Break-even Analysis Chap. 3: MNoragren
L . . , ot T . \ DO’ 3"'8 9 10’14 «ﬂ

a/18. 7 ‘;gLe¢ﬁure-Cost Accounting Chap. 4: K & F
-~ - Cycle Review: 4-2,4,5,7,
L 3,70 K & F

4/20. .. 8 . .Lost Accounting Cycle  Chap. 5:. K & F _
) ‘ oo . ‘ S Re‘lie!ﬂ: 5-4 5 6’7’8’
18 K &F
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Date Period

4/22 9o
4)35 . 10
a/27 1

429 1120

5/2 13

e . )
. ..
5/6 - .15 ,
DY R At 2oL
R .

549 16
5/11 ‘17
5/13 .18

- .Calculations

xt Yoy
s 0l

P ;
(,"v ". » > {‘
5/4 14
Vo AN T NI

EXAMINATION ~~ -

Lecture - Separation of

Topic
Cost Accounting Cycle

Lecture-Equivalent
Units & Spoilage

Job Order Costing System

. Chap. 6: &F
" 'Review: 6-2,7,9,10,

Assignment
K&F

11,18

Chap. 43 Ranngnen
Aespecially Part I1).
and Handout Reading

o Assignment chap

Chap. 7 pp. 131- 142
K.&F

LDes 72N KB

. Process Costing System

Fon o R

Chap. 7. (remainder)

K &F
Doz Homework Problems

No. 2 and. 3 for Chapter

-7 of K & F (handouts)

" Lecture-Process Costing:
,gapacity Concepts

“Process - Costing

Fixed and Variable -
. Costs ' . :

Standard Costs

“ . Standard Costs '

G

"Handout Sheet
Do: Handou. Problem & -
7-23, 25 | |

Chap. 7: K & F
Do: Homework Pnoblens

"3% 4 (handouts)

Chap. 7: K & F \
Do: Homework Problem
5 for Chapter 7 K&F
(handout) |

“ U ALL PREVIOUS ASSIGN-

(;"MENTS '{I
R

193-198

Chapt. 7 pp.
Horngren;

and 207-216:

Chap. 8 pp. 171-184: ~ LL
K &F L -
~ Révyiew: 8-5,9,8,10,
“11, K & F e [}
Do: 8-25 K & F
~ Chap. 8 (remainder): ,{
K &F | L
K &F | i
Do: 8-26 K & F '




Date
5/16

5/18'

5/20

- 5/23

5/25

5/27

5/30

6/1

6/3

6/6

Period .
T

20

21" " Accounting for Standard

22
23
24
25

26
27

28

tLecture Variance

Topic

v

Analysis

Accounting -for Standard -
LR e por 9-27, 30 K & F

,GCosts

Costs

Lecture-Direct COsting

Lecturenbiréct Coszing

Cost Control anc
Flexible Budgeting

Lectufe-tost Control &
Flexible Budgeting

-ecture-Cost Data for
Business Decisions

Lecture-Cost Datz for
Business Decisicens

tecture-Budgeting and
Financial Planning

247

Assignment L
Chap. 9 pp. 201-211:

N
S Do 9 17 and Handout

Froblem

‘Chap. 9 (remainder):
K &F

Supplementary Reading
gssignment for Chapter
Do: 9-19 and Handout
Problem

Library Reserve Read-
ing Assign. Johnson

Paper of Direct Cost-
1"9 .
vo: 24-17 K&F

Chap. 24: K & F ,
Do: 24-20 K & F and

- Handout Prob. RS
Chap. 10 & 1: K & F
Review: 10-3,8,10,
11,21 K & F ,
Do* 11-28 K & F
Chap. 12: X & 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 ‘
De: 18-10,11,19 K & F
Review: 18-20a K,& F
Chap. 15: K & F

. 15-2,7,9,11,
12,13 K & F
Do: 15-18.10,22 K & F
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Field Test

Group 2: CAl Group

Will be in attendance at one class meeting per week (all Mondays
of the term): two class meatings (equivalent time) will be spent
at the teaching terminal in the CAI Laboratory (201 Chambers
Building), with exception of thosc periods designated (periods

23, 26, 27, 29, and 30) during the woek as “Lecture” 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 ciass at those times

-

(period 1 MWF). .

Assignments and Course Oﬁi?ine:'

The outline and assignments for Group 2 are the same as those for
Group i with the following exceptions: )

PRI

Topic o Assignment

Date  Period | y
4/4 o1 Lecf&ré-hdnihfsfrat%ve' . .C.A.I. Warm uh‘aﬁa' |

-

R S R S I A U manapref scheduled
el S cs e lyen o0 oo atiyour convenience.

Neek gft%bl& R T PP U SR T S S o B SR
A/4 - /10 2437~ . - . __..° . Complete Manal
4/11-4/16 5,6 " compiete Manaz
4/18-4/24 8,9 .7 . .. : ... %o 5 Complete Mana3 & .
S oS Manad
Homework Problem #1
=+ ~for Chapter 3. [ ..

4/25-5/1 11,12 4 Complete Mana5 &
5/2-5/8 &14 C Manab -

s el el e e, Period 18 - Examination
5/9-5/15 17,18 R - =}Qu? ;A(;cahblete Mana?
‘5/16-5/22 20,21 AR .Complete Maan»‘A~’g
5/23-5/29 24 " Complete Manad

Nemainder of the terw, the class meets together in the regular .
scheduled class pericds. T
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Accounting 102: Spring Term, 1966
Field Test Project

«
VO e e

)

Group 3: Sel{-Study Group
Wi1] be in attendance at one class meeting per week (all Mondays-
of the term); two class wmeetings. (equivalent. time -~ 2'and 1/2.
hours) will be spent at.the Curriculum Materials Center, EPC II,
Room:401.. -It is important that this group- spend a minimum of
2 1/2 hours per week. in. supervised self-study activities.  The: -

_course outline and. assignment schedule. for Group 3 is. the same
as for Group 1 with the following schedule of additional reading
assignments to be read during supervised self-study periods. .:
A1l handouts will be piaced in your folder.

STy O e ARt sorsLly

«Week.of: . :: Additional Assignments to:be-read. - - ...

.
Ly e
Lot

R PRI E ARt SIS IS S - - L
4/4-4/10 N.A.A. Bulletin, June, 1963, Sect. 3, pp. 3-14
Chap. 1 in Beyer; Chap. 1, 2, & 3 of Anthony

' AT Bk RS

4/11-4/16 ~ Pp. 3-6; 27-34 in Bierman . S
R ! Chapter-12::in Welsch.- -i:tn o . ECDy
.t .2 o~ 2:='NAA Research Report Analysis of Cost-Volume-

v fweew e iwo o Profit Relationships. pp. 85-94 in Shillinglaw.

4/18-4/24 Chap. 4 in Horngren pp. 193-198; 251-260: ~ .
_ Horngren
teenil s s o Restudy Chap. 1-6 in Keller & Ferrara:. i: - .-
L Apperdix 101-110 Horngren y
4/25-5/1  Chap. 3 Shillinglaw |
sofw Dozied cppe 102-1063 112-131 Shillinglaw: -
. :pp. 328-338 Shillinglaw

vl" " , ’ Al K . v
g \‘ N L
. +

4 : ‘.’“" R
5/2-8/8° iy Complete Homework assignments
. Review for Examination
viit oot cChap. 2 Wright AR

+BJ9-6/15° - - NAR Research Bulletin - Separation of Fixed
‘ ~ and Variabie Costs
- 27iwChap. 1 and 4 in Gillespie I

5/16-5/22¢<: = <1 Chap. 2 & 3 in Gillespie
| - Chap. 7 in Shillinglaw
5/23-5/20 Class on 5/25 |
e w0 Restudy Chanw 100 &1 dn K & F 00 e vl
Chap. 8 in Shillingiaw -:u::nr ey "

[],
0
,[]
»
D
4 [}
o
| [}
!
1
U
[

Remainder 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 461
(1) Shiltingiaw -- 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 Accounting and Decisions

(5) Anthony, Robert -- Hanaaement Accounting: Text and Cases
(6) Gillespie, Cecil -- Standard and Direct Costing |
(7) Welsh, Glenn -- Budgéting: Profit Planning and Control

(8) Hofngren, Charles -- fost 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"

“Anaiysis of Cost-Volume-Profit Relaticﬁships“

Other Materials Available

Set ot slides to accompany the Computer Assisted Instruc-
tion Course, and accompanying tapes. Tape segments |
(distfnguished by loud beep tone) generally follow the
slide numbers. A change of tapes is necessary for slides
abeve no. 27.

Handouts, Exhibits, and Displays for Comnuter Assisted
Instruction Course will also be available.
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Appendix E.5

Sample of Introductory Management Accounting CAI Course -

The material in this section is mainly

. -introductory in nature but should aiso
- serve to acquaint you with the job order

costing system. Press EOB when ready to

y :nproceed._
R V755 BT

. The first rd statement is . .,
used to check “the student's '
.. preparation: for this: chapter.
.. The 1d statement sets an 1nti Thal
-;;binary counter \switch) for ls te:
‘;abtanching and review.*

What are the two basic cost ancoun@ing
systems?

A P e i

. “ N
PRI,
éf o Ry g

Lw*

knllaf
,,job,,order.,and,,process

t A kv>£unction'v1th (fﬁid;*

‘;”fgfhgchk) ‘accepts the response as
, 1;;‘¥corroct when it natchea the

- -specified -number -~ words in the
ca. The feedbaci 27ars only
if the. cais matchvaaﬁaatlcfied).

COPPQ Ct! 29 ¢ - b ir : :« !

. ..s3The job order cost system, and the
.- process cost system are the two major
- qa“ﬁypes. \

Leey e
RSN

C e e
e ey AR

e N B A]l material inaented te this position reprecents
author s exrlaautory comments about the stored computer program.




~.'!

3t

Label ~ Op Code A gument o
P e . : . ? I ‘~1‘
n

u Did you make a spelling error? Try again.

un Incorrect. Pages 131-142 of. &eller and .
Ferrara should have been réad before-- -
signing on for thls course section.

. .
“3' )w; }...? 1"‘" A

a

o A, N et < o
oy o s o »«'-9 o m ‘.,g‘f w o
PP B R T T SRR 30

SR ‘If the student responds
s B *‘incorrectly ‘twice, he is told that
A S ¥ 7 3 ‘Pyeparation is unsatisfactory.

He is’then branched to glk where

the correct ansvwer is presented. (
He then proceeds to the next question.

1nt6-4 . »‘;‘ O rd NI A RRCEC IR

e

€ -

*éw,wv Job order system is used if goods are
IR A B 'produced to customer specification;
SUEEL T 1””;f*“‘ process costir is used if goods are pro-
R -duced for stock.

refests. - L pd. il oot an f}fl;;jy ﬁ§ IR SR
ty There are six ba31c entrias in an actual

or historical cost system.:: Entries must
be made for actual as well as gglied
factory overhéad.

id" ﬂfis4~f“*w;-@f;za g
- In-the_following questions we shall test

B f?‘zig*” =t your ‘knowledge of these basic journal
~?“?f‘f” ;“i - entriesi-Use the basic form, including

i T L the dr. and ‘cr. designations.
iierteadion i it
1d 0//s5 .- T 7 - L |

TS S ii* ~ The 1d"(load) statément sets !~
R " internal ‘switches; while the ad
(add) stédtément clears an internal
counter for the check sequence

following. e e e o s
REINTIET rgen i Wiat 1§ ‘the basfe entry to rec&rd the use
PR AR ananh o wths tof Tdi fect materials? Wi Bt

) 0 C3 =2 3o

N
U
)
| ‘[]t
0
0
'
1
l'f

L]
-

=
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0p Code Argqument

ax
LU paO//6534//65
) ~:cai"'fl dr. work in proccss, cr. raw materials
coo 7 inventory
ty Okay

SRR o -The partial-answer function

e P '(pao) with feedback will check

- L - sequential strings of 6, then 5,
and ther 3 letters of the student's
response and accepts the answir

CHE - 4f 65% .of these strings are
R matched, exactly.
Cin . pa0//a3v/ /85
wa ér. direct materials

ty -  Xour answer is aot *ncerrect but neither
so o« ..o .fs it. acceptable. MWhat account is debited
- (or charged) to reflect direct materials
- and direct -labor during the production
~process? Trv again.

un  Less. than 65% correct. The correct
answer is dr. work in process cr.

ad el

The second partial-ansver
function checks for one half of
the entry; if the studemt's

<~ regponse matches this half of
the entry and not the entire ca,

Sfyeocarog ... -~ .. . a hint is provided to the student
s weiliw, .+ . for his next response. Note that
ST : . a 1l is added to counter 1 for this
EREEE I S % ¢ £} &
nx. ..

" fn .. pad//653r//85




Argument . IR

cr. accrued payroll st

You have the credit portion:correct, and
the debit portion was stated in the last
~entry; both: are debited directly to work
in process. .Enter the correct answer.

1//¢1 TR

; =»The third partial-answver

. function is activated only if
- the: first two are vnsatisfied
:on! any tTY.

-

a:The entry recoras the dtrect labor costs
. as: a: portion. of the cost accumuiated for

the goods as they are processed; it i3
debited to the work in process account.
The amount of total wages is recorded by
the credit ‘t¢ accrued payrﬁll

SAMER s

pYodd 3¢ If inoneof the three pre- :
© 1 ‘ceding pal functions are satis-
7 fieu, Ehe "firet un statement is
. 2. written/ The student then receives
" a hintfor each part of the entry.
Again, 1 is added to counter 1 for
this erroron IR SEE ‘

t?{'

3 The answer is-‘ dr° work in process, cr.

accrued payrall
1//c1 |

o
ity

,*‘

s e - .
t N [ .
“
. . -
s . A
inbé 5 P
' e ,*'f‘:‘

s L If the student's second
< *KteSponse is entirely incorrect,
-+ heris given the ca and proceeds

in ‘the pregram. Again, a 1 is

vz .added. to counter 1 for this
error. ' At the end of the entire
check sequence, the counter (cl)
provides an accurate :sccumulation
of the number of definite studasnt
€rrovs’. An ‘eppropriste feedback
to the student is given on the
basis of this information.
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Appendix E.6

Exhibit 78
{Chapter 7)

Recapituiation for Homework Probiem Ke. 3
| : {manaé)

The work in process account, in effect, represents a\medifieﬁ
COST OF PRODUCTION REPORT, | |
The account looks 1ike this:
| | WORK IN PROCESS
Debit Side

Costs to be accounted for:

Beginning inveatory of 4,000 units |
100% compiete with respect to materials. . . . $ 2,400
75% complete with respect to labor and

overhead . . . . . e 2 e e s o o e o o 1,500
Current costs ,

Direct materials . « . . . & s e v e s o o o« 22,000

Birect labor and factory overhead. . . . . . . _18.000

) TOTAL o v o vmwweo oo oo oo . SE3,900
Credit Side ~

_Qgggg accounted for as follows:

“Units transferred to finished goods

" inventory (or next producing department) . . . $39,140
Costs inciuded in ending work in process »
inventory (6,000 units)

- 100% complete with respect to materials. . . . 3,300
SAPS o 50% complete with respect to materials . . . . 1,340
-2 ROUNAING Error. o o o ¢ ¢ o v 0 0 e e e e e e e e 20

| ~ $43000

You have learned the procedures for process costing when only
one department is involved and werk in process is present at
~ the beginning and end of the period. The average cost method
was used for making the required caiculations, The same problew
“will new be considered using the first in, first out method.
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Appendix F.2 = 7. . = Sl

fgamﬁ!e»inEﬁgfﬂﬁé?fng Economics CAI Program

Label'~ Op Code = Argument - -

b102-10-0 #d
fn slide//27

, B o Slide 2 |
ILLUSTRATION 02-V
Cost u o - - .\ - o :, ) '

e
KA
- ll

/
4 -
N,
ws
. .
-
+ ] N
p
- .
.
.
-
.
\
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Label Jp Code Araument

. .Student is allowed.? seconds to
‘examine the slide before the instruc-
tion proceeds. The contcuts of the

slide will then be explained by tape

5
LY AN

messages and ‘typewriter print-out. k===

b102-10-5 vd | R R
fn tape//27 b
i tape//28x
Tape Message 27 L de
K"ﬁm“u\ A fixed cost is one that remains at the same
. e jevel as production increases or decreases.
R e A variable cost is one that varies direct:y
S ~..as the production level varies. It may L.
~.. argued that this is an artificial classifi-
o cation and that ne cost is strictly fixed
- _or variable. Conversely it may be argued
mathematically that any curve kas a constant
element even though it may be zero. -
4 T _é
qu i ST
ca {E0B) e b
wa f/l‘ "‘;‘.i:.;‘""*“ .'.‘v'*ﬂ"wf.*;}_;j R ;n N ,«-,}w PR ﬁ*—:)‘i’:““:- ~Y“ B .
1 A e o Sy -
br b102-10~5
" % i‘phe-studént may hear the tape message
again by typing a small "e" for repeat.
Any other student response will allow :
... .. the studenmt to proceed with the instruc= -

tion.

o o e ..
‘ ‘xi‘;‘! AR . [ .

*N. B. A1l material indented to this position'represehts:‘f
~author's explanatory comments about the stored computer pro- *
gram; o .




Label Op Code Argument
b102-10-10 rd I B U
- 3 RUNEREENS 4 2 ~ In-illustration 2-V equation (1) s C = 5¢ -
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 pld;ted on.
| the abscissa? -

o kel/2

.c& . #levelfproduciion” N

The student response will be -
% onpoacua .. -accepted 1f-it contains the keywords
A cx e oy o.ornlevel and ;production. The symbol #
.. .im-a.delimiter,used to separate the
keywords. -

: . Correct.
- o ,'.\ ': ,""j' :1.4 ,‘ ~“ ')"5 . ,4‘.’.: '

o~ G . . f - .
L PP L co oo P IR NI N e B R Lo .t e A
[ 2 ."\’ , a\‘ -j'"\.»w'- st T 3 o pe ) N S . A \s.’“ -
R “-a ‘:‘b , P .J
L8 . coe e p b
Y s . : \ e

va d

.

Senniuty.. i iNo.. The cost-is plotted on the ordinate.

 The student's answer indicates that
he hag” a misconception concerning the
g ‘ . abscissa and ordinate. The next infor-
" 4 . mation he receives will be the first
k | 4 un below, & '~ 7 S |

un Apparently you do not understand graphing
KL DV - ..terminology. Vou will now be given some
Lot ewn o instruction qnughe‘meaning of abscissa and

> Ty AN S :;;ﬁrdj na‘te, R DU A

) ATt s VH102-32-9 o0 0 e
B N o o
N ST Jdh - 'Students who do not understand the

A e et NS ! E",iﬁ :" ¢ \‘l

- :Egdhing of abscissa and ordinate are
‘ijﬁ“ﬁ?ﬁqdhéd tp'remedial instruction.
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Label  Op Ccde Argument I
b102-35 | qu. ;wnee;is the dependent variable in. graph 277

S | ] ,.th*H//1 e e
T lQéa?e;”;;l#cost#COSt IR
ty  Correct - . v © :

oL TR 3 11727 ) RS RE R o

- =
5
Yy o o

.
- -

-
x

fn kw//) o T ¥
ca #1eve1#production$Leve1#Production |

ty " Wrong. The level ‘of production determines
coiae . o the cost.: e

dhaemlogg et 7Y 6w dos not: understand the meaning of

s 4w =i -4ndependent: and:dependent variables. You

AHe Feees 00 s imusto learn® these meanings. o

~br . b102-35-1

wtosst B st
U S s

Students not understanding ‘the
meaning of independent and ddpendent
variable are branched to renedial
inatruction. o )

b102-41 qu At 50% capacity a certain cost 1s $3 000
e emat . and at 80% capacity, this same cost is
TR e 0T 60 200, What dis the equation of this cost
curve?

- 4

't -3 , . o . i e ;:". - - - PPN . .o} T

[ a (R AN .o v A
-y o . ~ RS N N o, Y . . .

l\ Py ’ ! . :; * ‘ i
R o .- - i .
- H N oz L Skt i
IS : il SRS - & i
- » ', - ..

L ;;sz1o//6 ‘e@&ZW
ca " dchdaosasHI00,
B, Yery.good,

't:‘u'z AN‘.'\f ,‘*fz‘. PRI % SRV ;;c“, . ;:' o '-‘(L’r N ; 4
' z;‘;. o it ; - N RS {-\« K
E EREAEIR I .
A A This cotrect response is ¢ = 40q + 100.
R ¢ . - e,y e

Leaieloe TLPSH AT Yiphe kwio function’wmakes sure that the
characters in the student‘’s response
are in the proper; order and that there
are no extraneous charactera "in the

Fapdvyes s ... .. .response.. Careful programing allows

ANT TN aey e oL 5¢_;vaxiation in the format of the stu-

wot wan e L. . i, dent's reaponse, (L.e., capitalizntion

and spacing are not considered).

3
5y
et S OPrves e Seene AR

=)

£
- .,
N . 5 T
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Label 6p. Code Arquaent

by b102-42
us Wrong. Did you use the correct equation
‘ for slope (y = mx + b) and adapt it to
this cpecial case? Try again.
un Wrong. Let us investigate the probiem in
more detail.
br b102-41-1

Students who are unable to obtain
the correct respvonse in two attempts
are branched to appropriate instruc~

tion.
b102-42  qu What is the cost of this eperatiana] func-
tion at 60% capacity?
nx - ‘ R
fn ed//#//,/7#// //#3400//3400.//3400.0//3400.09

- I1f the student uses a commz in his
- S ~ response to indicate the thousands
, ‘ A position, the c>mma is editsd asnd snly
. 3 . the pumerical characters are compared.
Spacing and the # sign zre also edited
- ; from the gtudent's response. If the
T student responds with either 3400C.,
3400.0, or 34006.00, his answer is
replaced with 3400.

ty Correct. C=40 x 60) + 1000 = 3400
un iggorvect. Are you using a slope value of
‘un , Still not correct.
c=(40_x 60) + 100C = 34C0
ty You need mors practice.

hr b102-42-1

Students haviang trouble are bramched- |
te practice problems. ‘ ‘

5102-43-1 rd
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Appendix G.1

Math 200

~ OUTLINE OF TOPICS
Spring Term, 1966

o
c*r
o
=
”

QQL'Segmenﬁ

April 5 1 Test , :
- April 7 2 Sets . « ¢« ¢ ¢ v e ¢ ¢« ¢« o« Mavmathl
April 9 3 Reilations. . . . ¢« ¢« « « « . MavmathZ
April 12 4 Discussion | o
April 14 5 Exponents; numeration. . . . Mavmath3 and 4
April 16 6 Number bases . . . . . . . . Mavmathd
e Aprilk}Q 7 Number bases . . . . « « o . Ma&maths
- Rpril 21 8 Discussion L A
v Apri‘ 23 9 Additi@ﬂ * e * e & & o o 3+ & MaVNa‘hs o
April 26 10 Addition . . . . . . . . . . Mavmathé
April 28 N Discussion ‘ , o
April 30 12 Subtraction. . . . . . . . . Havmath?
May 3 13 Subtraction. . . . . . . . . Navmath7?
May 5 14 Biscussion T
May 7 1% Muitipiication . . . . s . . Mavmath8
ﬁay 10 16 Multiplication . . ... . . . Mavmath8
Kay 12 17 Discussion ' - ,
Moy 14 18 Midterm b
May 17 19 DiVision + « « « o o . . . . Havmath9
May 18 29 Division . . . ¢« ¢« ¢« ¢« ¢« « o« Mavmath9d
. Hay 21 21 Integers . ¢« « « ¢« ¢« o « « o MavmathlG
% - May 24 22 Discussion L
- May 26 23 Fractions. . . . . . . . « . HMavmathll
x May 28 24 Fregtions. . . . . . . . o . Mavmathl)
B oy 3 25 Discussion S
ol June 2 26 Decimalis . . « + ¢« ¢« o« « . . Mavmathlz = -
i?f C dume 7 28 Res? numbers . . . . . . . . Mavmathld | ‘1\ A
s June & 28 Discussion .
N dune 1% 36 - Test . , L TR
ERIC

E . .- ) o
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. 213

| ,<;,;3 . Appendlx 6.2 eénk,o; R IR,
Report on the Development of a Test RN . R -
for Modern Mathematics | o K
P A P T AR

The teéi‘was developed to serve as a pre- and post-test measure for the

experimenta] course. on modern mathematlcs (modmath) via Computer Assisted

Instruction. The modmath course consists of 14 chapters, ihc?uding concepts
of eets, relations,’numenation\Systems, operations on,whp]e,numbers.»integersj
rational numbers, and .real numbers., The test was des1gned to provide a repre-
sentative sampling of content from each of these chapters,. ;i
Content validity is postulated‘on.thgafo]1ownng‘pase§<, i
1} An outline of concepts which are deveicped in each of the 14 chapters ]
oftthe modmath ccurse was prepared, A tentative\pnppoea] was‘made‘oflfhe’ ‘il
number of knowledge, understanding, and application items which shouid'oe,
‘ writfenlfor»eachﬂchapter for initial trial., A group of“approximotely;259= g
items'was prepared, using the concept outline and the proposal of ;ypes?of.\,
itemsi . L LS n \"" i -
.?}‘ ~2) Texts in the field of mathematics edueation.wereﬁnsed‘in,deveioning
}Jé_ | ~ the course, and these were consuited.in writing the test 1cems.l'Among thesei ’m: ;;t
ﬁt | texts were: Sagtorur o N wisenndc o an oée'~‘{; ,-4
E;fﬁo" a) . Mueller, Francis J. .. Ar1thmet1c, Its Structure and ConcApts. o "%;‘
. o Eng?ewood CI1ffs New Jersey: Prent1ce-HdT1 *Inc.;"T§64 3
iﬂ | - ’:{5)* Peterson, John A andXHash1sak1, Joseph _ﬁgggx_of Ar1thmetic.'"'
S - New Yovk:. John Wiiey and:Sons, Inc, ;. 1963, e ‘
-‘-; c} Swain, Rebert L. and. Nichols, Eugene D, Undenstand1n Arith~' Q
. - \met‘ic.,~ New York~ Holt, R1nehart and Winsten, Tnc. 1965, :
»‘i “di 'Ward M and Hardgrove, C' E. Modern Elementar Mathemat:cs.>§“' S ..
g 3 ‘Read1ng, ‘Mass, ! Add1son-Wesley‘F'B1*§ﬁ?n§"Co., nc,,1963, . . = 1




N -t - N

. e X

i ids e ‘.-" TR .

: : [
e IEEALEEN KK )

'e) Webber, G. Cuthbert and Brown, John A. Basic Concepts of Mathe- |
‘matigg; Reading, Mass.s Add1son-wesley PuBl?sﬁlng ge.,“th..

. i
A

e

[

i ¥ w‘]

.'S‘ y o
& o

) Twenty-ntnth Yearbook. To ics in Mathemetics for Elementar . | i;:
_ School Teachers. National Council of ieachers of Mathematics, Nl .
R | S B R T T | &

‘3)\‘Dr{ C. ‘Alan Riedesel, Asscciate Professor in the Department of Ele- -8

mentary Education, The Pennsylvanis State University, and co-author.of the 5y
modmath courSe}’read'all items for applicability to course content. Approx-
1matel9150'items were‘discarded. ieaving a‘°96-1tem trial test "The ‘inal'
/50-1tem test was drawn from these items, with selection on the basis of item
f analysts and content: sampling for representatiVeness. | )
The analys1s*chart for ftems on the trial test. follows. |
The trial test was adms n1stered in two se551ons to 40 students enrolled;A

in one sectton of E’. Ed, 326 (Teaching Ar1thmet1c in the Elementary School)‘

dur1ng the winter term. The test was adm1n1stered during the regular after-

noon class per1dds. This group was chosen on two bases: 1) These students

‘had completed a course comparable to modmath (Math. 200) Thetrrknowledée _ d B .ti{”'
‘of the concepts ‘taught would proV1de d basis for analyzing the usefulness of . i M ]

»Al' the 1tems. 2) Ava1lability of these students for the three to four hours o “{
| "necessary to complete the 206-1tem test, - RS J(;" . *,:]f(
Two students were absent on the seccnd day9 S0 that data ts hased on | R;"h

. 38 students.q This small number is def1n1tely a l1m1tat1on, particularly in d ;i;
obta1n1ng d1scr1m1nat1on ind1ces‘ The appropr1ateness of this sample for | R ;~f?
analyzing a, test for a modmath course 1s questtonable for several othe« ' l”:;¢e('
reasons. The fact that the students had completed the mathemat1 cs course | Bl

prev1ously meant that th1s 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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;3 several different 1nstructors. In addltton, their motivat1on m1ght be ques- | L~’
o .tioned, since they knew that the test would not affect their grades. (Their ]

. L | g

- attitude nevertheless appeared to te very cooperat1ve wh1ch m:ght be sub-

. . stant1ated by the number of 1tens wh1ch al completed They accepted the ‘”.:

-

: test as a poss1ble d1agnostic a1d it wonld 1nd1cate areas in wh1ch they . . -
2-- needed reVIeWh) } T ', o o “i:i‘f°f S ‘Z‘ :é“*-“ﬁésf :?’ T(L?EQ =
| ‘ Answer sheets were machine-scored by Exam1nation Serv1ces and the 1tem - )
analys1s was performed at the Computat1on Center. Z | f :: f {a i B
. | The range of scores on the 206 item test was from 74 to l68. a 94-_41."i. ::f';
. peint range. The mean equalled lZ .05, with a variance of 425 83 and a.stand- _";‘
) ard dev1ation of 20.64. Mean difficulty of the {tenis was 592 The dlstribun :'%f
'tion of the teSt 1tems 1n terms of the percentage of students pas:lng‘them T ]
& v k? . =5
, e L -
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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 wh1ch follow show pprt1nent znformation, taken from the com-
puter sheets, for,each item on the trial test., The Kudev-Richardson 20
reliability estimata is ,916, No other re113 Tity data is available on the
trial test, If a”ﬁore approporiate samp!esﬂgd been avaiiable, other estlmaQeQ
tests of reliabi?jﬁy would have pecn helpful, No aticmpt was made to compufe,
the reliability f@r chapter or subiest scores since total test pevformance
is to be the cr1ter1on for usefulness, Some analys1s of the factors present
in the test, plus. analysvs of the re11ab111§y of the subtest items, will be -
made after use of the 50-item test,

A s.t of cr1ter1a was developed for choos1ng 50 items from the 206 tr1a1
test: Lo |

1) Diffisulty index

a) 50 to .70 '
D) 40 %o .49, and .71 to ,80

2) Item-total score correlation (d1scr1m1nat1on index)

b) 40 to 70

3) Lower. flf h-upper fifth comparison
4) Content balance SR
It was also found necessary to estabi 11sh pr1or1t1es for choosing 1tems.,

1) Difficulty index a)

discr m1nat10n index a)

d1scr1m1nat1on index b)

2) Difficulty index a)
~3) Difficulty index b)
4) Difficulty index b)
5) Difficuity index a)
6) Difficulty index b)

d1scr1m1nat1on index a)

discrimination index b)

?

lower/upper Fifth comparison

1ower/uyper Fifth comparison
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Frequency distributio of original scores: (N = 32)
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Frequency distribution of grouped scoress (N = 38)

7N - 80 / |
81 w90 SR
o1 - 00 /..

100 - 10 ///

- 1200 /111

121 - 130 //HH
131 - 46 /11111

141 - 180  ///F

151 - 160

161 - 17¢ //

Following this, cruciality of content plus reascnable rebresentative
sampling by chapters were considered. Re-analysis disclosed cuplications 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 summavry by subsections is &lsd fncluded.

The average difficulty index of the final test is .670, which i3 slightly
higher than the index for the initial test, This may be leés 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 medmath course is,
of course, a matter of conjecture, ‘

The spearman-Brown formula was used to estimate the feliabi]ity of a
final test which is one-fourth the length of the initial tast: the expected
r is ,732, This, however, presumes the same type of sampie, |

Analysis of the value of the distractors resulted in some rewriting.

This #as not done in all cases, since sometimes ne other distractors were
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&%’ plausible, and since it is hypothesized that with other samples the present
£ ~§ .

d:stractors might serve better, o

R The test will bs used during the spring term field tvsting of modmath.
9 , Another test, consisting of 40 items with dzificulty 1nd1res af 80 to 1.00,
f -4 has also beer selected from the orzgina1 pea] of 206 1tew* This ww?? serve'

.4 as a means of selecting equivalent groups for the f1e1d test.
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Information about each itemn on the final 50~item test

L Item

KUA

topic .

ey chap. #

i
L '
Y i0
."xx
.“ s
»
Iy '»
;] 18
<
-l - :
A 21
o

v
~6g
: 23
[d
LA

N 2 24

® 31
o |
’ 33
:"1 3 38
\)’ 4 ' .
i 5 4

.’ -
..o
46
o S " ag

‘\I.
- 56
e o e 07 6‘
' L= 3
N 4 - e c-

[

B | 67

] | 69

——
.
: K

 multiplication

- subsets:

inclusion notation

- setbuilder:

intersection

Venn diagram;
intersection, U

union

subtraction:
set of integers

" Venn diagram:

cardinal number

"% pelation :
properties

"sameness" relation

exponents:

=~ division -

expanded notation:

. base five

exponents:

" expanded notation:

letters

" largest base six

number

; oqdinais
‘counting: base eight

*- expanded notation:
- base six

base two to ten

diff,

-, 789

684

.684
37
k.684

.553

605

686

dfsqrim.
T

609
A94 |

323
290
,121
{rewritten).

.208

464
480

540
.508
. 459

462

.91

-

(43
)
N

403

.489




Item . -
chap.  # KUA  topic ‘ diff. discrim,
73 A buse two: addition o137 725
6 75 K identity: addition 447 .329
é 77 K terminology 579 .456f
9 81 K inverse: addition .605 .201
89 U  mod 9: addition 447 .290
91 A properties: .605 264
assoc,, distrib. L ,
98 A equal additions: 474 542
subtraction
102 A base five: subtraction .579 482
106 u multiplication: .605 .400
distrib,
m J muitiplication: JN JA61
regrouping
- 112 ] multiplication: .684 L,Hen
_ distrib.
117 A multiplication: .658 162
lattice .
123 K exact division 137 .539
127 - Y repeated subtraction: 447 .548
division ‘
132 A guotient 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 definitton: fractions .763 421
}§ 146 K equivalence class 605 575
148 K exact divisors 789 520
158 A LCM 474 477
166 K largest decimal .553 .651
172 U fractions: commut. .816 .730
176 U decimals: m-1tiplication .711 .509
178 U decimals: - 474 .484

Tine relation




- Item L
chap, = # KUA  topic diff, . discrim,

189
193

195

196.
14 200
203

206

ratio o 737 . 597 B
percent . - ,553 - .36] R
ratio .68 587 ‘. 5
rate-pair problem 579 544 } 1}:
non-termineting dec. . 476 ,202 ’
nested intervals = .816 07
rounding . - .583 461

T R = PP > C
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Appendix 6.3
Sample of Study Guide

‘Math 200

Stugx_ggjdg'§~-¢ﬁkdd%tiou¢»:

1.

In Peterson & Hashisaki: exercise 5.2, page‘83, $2, 3, 4,5
exercise 5.5, page 88, 22(39 b),

exercise 5.6, page 95, AT1
. .-exercise 5,11, page 104, #1, 2(a,c),
L 4,.7(a)

Which of the following sets of numbers is (are) ciosed under
the operation of addition? o

a) $5, 10, 15, 20, ...

) deven natural numbers}
- (e}~ fodd pnatural numbersy . . N
. .dgw:' 210 31, 81,81, + e o3

R SRR I P R A ot LT s
By means of a number 1ine, show that

93,‘»25 "4'5:.5»8’ L N

-

b) 4, 6, 3 are ssociative under addition -

- ga}} 5 anészyane commutative under addition
4, 3, 0 are associative under addition

c

give three nonmathematical i11ustrations of commutativity;
three nonmathematical iltustrations of.]agk:of commutativity.

. give one nonmathematical iilustration of associativity; of
‘lack -of -associativity.. - - e

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=11,3*0=4;
3 %2 *5=12, Is the set of natural numbers

ia closed with respect to *?,{”";““g':
commutative with respect . to . *? .
associative with respect to *?

b
(c




Stndy Guide 6 -- continued

Add by the "scratch" method:

(a) 6,429 T (b) 4,387
+2.857 +9.774

Find the excess of ninas for the fo?lowing humbers by adding
the digit-values. Jheck your work by div1d1ng by 9

: "~‘;{é' 7
=9 (b} 3}
(c) 88

"Add the follouing and cneck by three checks: commutative,
assocfative, excess of nines, "

“(a) 8, 637
5,922

3, 872

6 795

Add 632 + 879 + 643. Now make your answer 1ncorreet by

(a) switching the digits around; (b} adding 27 to the answer.
"Check" your prcblem with these twc incorrect answers by

the excess of nines method. How do you account for what

happens?

In zhe number sentences below, te11 whether A < B A 7 B,
or = B. ,

. {a) 14
“1§b\n?'
1 R c h N

Given t.e infinite set of counting numbers which are symbolized,
in order, as m, £, S, k., ¥, W, P, by, X, Qs+, Where 'm s

the 1nitia1 counting number and its successor is t, whose
successor is s, etc. P o ,

(@) COmpiete the followina addftion tab!e' ,?:«

+ ml t] s k .
sl |

L Y [ s [ e S v Y s Y e R vt S o Y e

i = e B B e

1
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Study Guide 6 -~ continued

(b) 1Is the set {h, t, s, K, ...}

(i)} .clesed under addition?
(ii) commutative under additien?
(iii) associative under additicn?

Give one example to illustrate sach of your
answers.

-

— Read in Peterson & Hashisaki, pp. 81-92, 100-103.
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Anpendix G.4 |
Sample of Modern (lathematics CAl Program

Label | gggﬁodeu Argnﬁént

5-5 qu When we add 1 to 99, we have 9 tens and 10
ones. ..The 10 ones form 1 ten, so we have
10 tens. How do we write "10 tens” with
numerals?

ca 100

ty Correct

un Wnat number comes é?féb 99? T&be it in

- ad ?f'?lfc?:f"

s s s e iis T This-eoding illustrates the use of
. ' v i 0counters; the number of incorrect
Lo Ywa 7 0 responses is being accvmulated and
Coeh e a0 stored for a branching decision.?®

e 5.6 . qu " The 1 is now in tﬁe hundreds place. That
< - : means we have a three-place numeral. With
e 4. .. .. What.aumeral do-we first use four places?

RS . ‘
ENERA N [ Yo e, . . A o PR

- - o . ' ” : e ;» i fn ‘: (‘ ) : kﬁlﬁ;]‘ . oy YL 0t
o | ca . 1000 .ne thousand. 1,000
e w.f(wlzi‘ ?hié_keywprd”function will accept
iy L .v .. ... . @8 corréct any variation of the correct
03 L I answer - 1000, one thousand, One
% ’ 8 4wt L L L% gthousand, ot 1,000, The nmumber of
additional words whicu a:ehtypeé by
the student - as, for example, when
‘ o : ~ he answers with'a complete sentence -
1 : * ' ‘ ¢ ,..1is immaterial. o

% \ .

e, B. Al1 material indented to this position represents
anthor's explanatory comments about the stored computer pro-
gram.




Argument

Correct ~ N

Think of the largest 3-place number - right!
999, Now add 1 to this, type your answer,
-1//cl e

took at the slide.

slide//37
tape//34
- tape//35%

A glide which ‘contains a chart of
the place value systenm is displayed.
While the student looks at it, a tape

.. . message is played, calling attention
to certain aspects of it. The x
.. following the second tape number merely
_indicates positioning of the following
tape; it is not played at this time.

Notice the relationship involived in the
place value system of base ten,

Since we cannot at this point write exponents
on this machine, we Will write its meaning
in words. . S S
Thus 1 = ten to the zero pewer
10 = ten to the first power ~
100 = ten to the;second power, or ten squared
What is 1000 expressed as a powsr of 107
gz
.en.third. 10" .3.cubed

Here the keyword function will look -

" for 2 words; thus it will accept 10 to

. the third power, 10 to the 3xd power,
ten qubédg‘hpd,seVgrhltother’va:iablgs.




ty
un
N ‘ad
' un
= ad
) 5-8 qu
- "X
B . n
T ca
4 - by
| un
. o ..ad
N | ad
%gg’ ' ‘ br
-

e . g e
e I P e e e = s, S PR IR ., ...,
— e o f

Label Op Code

S V71 N

"8 ous “'responses have been recorded, is

153
LY ey
L 2%

Argument

Ten cubed is caerrect, .

Notice the order of the exponents (0,1,2).
Therefore, what would come after 10 squared
or 10 to the second power? ‘

-1//¢l.

The correct answer is "10 to the third
power." Type this.

-1//¢cl

How would the next place be expressed in
terms of exponents? . (Since exponents cannot
be typed in this chapter write it out in
wards. } SR - SN

kw//2
. 10 .en.fourth.4
Ten to the fourth power is correct.

A new place is reached.with 10,000. Tnis
§s i0 x 10 x 10 x 10. Written in exponential
.- foem,. this is "10 to the power." ,

*"iTyPeﬂ“‘O tp,fheufourth power."
RS V77 I |

S

reml//cl//4 | P ffbtf

This is a statement regarding a
branching decision. If the contents
«f zounter 1, with which incorrect

gréater- than 4, then the student is
" pyrasiched. to remi. That is, if the
- student- as missed more thaw %4 aues-
tions, some remedial work i¢ suggested.
'If he missed fewer than 4 of the review
jqu;stions,”heris‘branched on in the
program.t T




Arqument
5-9

" You ca&ld'pﬁoffiif%cmfgame review ¢f our
numeration system. Read Hueiler, Chapier.
3. Then press EOB- : - o :

ciide//28x
.tgpe//35 ‘
\tape//36x"

If you want to hear the tape again, type r.
If not, just press EOB.

(ECB)

F

ro
5.9 o T

' Many tapes contain information
which the student might need to
listen to more-than once. He is
sllowed to choose whether he wants
the repetition or not.

Type r or press EOB

s1ide//38,
 wait//8

cLa . This "wait" function indicates
. that the next statement will not
. be typed until the slide has been
- in. position for 8 seconds.

leﬂbhoSe}igrdﬁb of persons in an isolated
Jocation were all born with four fingers

on each hand.. What number base would these
pecpie probabiy have used? :




)‘Q) "\'

ﬁ: ..

5-11

5-12

ty

Argument

,kul/l

. 8 ,ight-

. COrrect

slide//39x. -

%w/[!y-\

CJGiour

They might use base four - what other base
might they use?

When wrong answers can be antici-
pated, specificociuves or hints can
be given to show, why the ansver is
incorrect, or," as in this case, to
help the student aﬁswer correctly.

" think 1t ‘through more carefully:' How many
“ “fingers do we have in al1? What base do

we use? What base would an eight fingered
person probably use? Now type your answer.

- ”“‘The answer is 8 Type 8 o

: ’”?enerber that base ten has ten single digits.

But how many wil}’ base éight have?

KW/

.ight. 8
Correct

B?s:tﬁight has ¢ “'g sing?e digits. Type
e g ° ’ g A '

Y

‘Let s try_ count1ng in base eight. 1, 2, 3,
4, 5,64 7, - and we need a digit to L

represent the cardinal.number of . the empty
set - 0. That's eight digits.

If we add 1 to 7, we reach the sum 8 - but
8 is not a digit in base eight.
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Label ~ Op Code  Argument L o e

é" ty Recall what happens undev the same circum-
A stances in base ten.
qu Now write the numeral ‘which means “one of
the base and zero onés," in base eight.
; When more than 3 or & lines arxe
) to be typed to the:student they
3 are generally presented in segments,
93 L L using the _xh(typeoxt) funct:l.on°
. nx -
o kw//1
ea 10
{ oty ;Cbrééét
! a0
¢y . .10 (eight) is more definilive.  However,
o " we will ailow either form as correct -
: gust remember - which base your answer §s
e [ |
ﬁ un ,}he number after 7 in base eight is 10
j eight), which means "one group of the ,
- ... . base. (eight) and zero ones." Type 10 .
- (e{ght) oo § ‘
3 5-13 |
| - rd
fn tape//36
{‘ - fn tape//37x
&% . fn. . slide//39 .
- ' - fn tape//37
fn ~ tape//38x
~ fan 0 slide//40x |
5-13-a . qu. . Type r or press EOB
T (EOB) : Ll
P 0

‘wa v
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Label Op Code Argument
. wb R
i by 5-13 :
C un Type r or press EOB. ,
5 5-14 d - ; ) |
ty - Now study the wumber line on the next slide.
.“\ rd S AT N
;fi fn s1ide//40
% qu What number should appear after 17 {eight)?
: na o - '
o 1:fﬁ}f{,=;>kw/i1>’ i
ea 7, 20 K
ty . Correct.
ca 20 |
ty Correct - remember it is 20 in"base eight.
nx T o
fn kw//1
- wa , 18 )
’ ty Do we use the nugeéral 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
- . cwritten? oo
fun{“u _The numeral after 17 (eight) wouid represent
- 2 of the base, How should 2 of the base be
o ;w)written? Lo
> | un  The numeral after 17 (eight) would be 2 of

_the base or 20 (eight) Type 20 (eight)

Seve.al un statements are ssmeti&ee
used to give 1ncreasing specific clues
or hints. Generally, the final un
statement will: tell the student the
correct answer.

5-15 - qu . ”Hhat numeral will fol]ow 20 (eight)?

fn xw//1




Argument

s 27

Correct

2y - -

Correct - 21 in base eight.

The corvect answer is 21 {eight), meaning
"two of the base and cne more.”. Type the
correct answer.

o Bl e TS o S

i

T

Notice the x's on the siide. |

1 you were to divide them into-greups of
gighz, how many groups of eight wouid there
ev . T

8wt B W

o=

/Y
. 3 hree
Correct.
8«17
Incorrect.
,Sr,‘ﬁdl .
1€ the 3tuéeue typea thé correct
. answer, he iz branched on to question
17. 1f, howevey, he answers incor-
rectly, he is branched to a series

of queations, varying in length from
2 to 10, for additienal help.

If:yéu dere counting the x's in base 10,
how many x's would there be in ail?

ey . )
. T,
R4

772 B
28 . V
. The correct answer is 25 (ten).. Type its.
How many 8's are in 25 (ten)?;ﬂl '

o
cep™ o

-
/
4

o~
e
s,

>
«
R i »
4
LI
£y
wh
. ¢
Lo
. -,
- &
)
.
¥ i,
!l d
M -~
4
-
b
s
R
'y, 4
.
ras
H -
a
i A
’ B .
.~
» 0
o N
[ :
'
.
4
2

- . - . -
m [ ’ ‘s
A PR it aldii o g o
R * - v
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Op Code Argument
fn kw//i:
ca  ,hree, 3
un " There are ‘three 8's in 25 (ten). Type 3.
qu Houw many ones are left over?
nx . *
fn kw//1
co sne, 1
“un o The correut answer is 1 or one. Type it.
qy How would you represert the number in base
| eight associated w1th the x s? :
nx |
fn kw//1
ca ,» 21 N
ty "Correct¥"”
e 310 o
ty Corrert -'31 in base eight.
i How many groups of thy base (eights) are
contained in the x s? How many onas?
Try again.
uw  There are 3 groups of the base-(eight)
oy ccand.1 ene, -Type 31 (eight) :
rd -
fn siide//42x , \
-qu . + Write the numeral in base eighn which means
L s \“five e1ghts and seven ones."
:,?“-x‘* N .
fn kw//1
ca s 57
-ty 'Correct. :
un The correct answer shouid be 57 (eight).
rd |
ty Recall the progression ‘of piace vaiues in

., . .base ten-ones, tens, hundreds, etc.




W <

5-21

5-21-a

5-22

' “‘x. | t

fn

- ca
ty
un
qu

nx .
fn
ca

us
rd
fn

nx
n
ca

bir
ca -
ty.

kw//1

Arqument

In base eight, place values are; of cuurse,
based on powers of eight. :

Study the place value chart on ‘the next slide.

slide//42
tape//38
tape//39x
What numeral should be ﬁnserted in place

- of the A in the chart?

‘;kw//l

sixtyfour, 64
Correct. L
The corvect answer should be 64. Type it.

After 8 x 8 would come 8 x 8 x 8. What
numeral shoulq be inserted in place of B?

512

. Rights . = ’ A

8 x8x8or 8 cubed = 512 Type 512.

'
Ry

slide//43x

. Whep working with other Lases, we frequéntly
- change a’ number from one base to another.

What is the value of 37 (ten) in base eisnv?

kw/ /1

, 45

- Correct. . - g .
5-23 ; tet
. 45 ST A O o
‘Correct, 37 (ten) = 45 (eight)

oo

= oo oo O3 LD D DD e




roument

A
5-23 S

Incorrect. Let's break the problem down
into smaller steps. If however, ycu
realize how to find 37 (ten) in base
ei?h:, type in the correct answer at any
[)0 T, e b,

5-22-1

Look again at 37 (tem).. 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 37.(ten)?

lkg/lg' o L ‘
3 ».8 ,ight,irst. .

Ckwpl2 -
s 8 5 1 ,irst
Correct.

kw//1
Good for you! 37 (ten).= 45 (eight) -

Notice that 45 ie the answer to
_...the original question, "What is the .
value of 37 (ten) in base éight?" -
If the student realizes his error at
" . t¢this point, or during any of the
succeeding remedial steps, he can
simply type ' the correct answer and -
 will be Dranched out of the T medial
cen sequerice. ;
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
coopowerltooo »

. How many groups of 8 are there in 37 (ten)?




Label Op Lode Argument

nx -
fn kw//1 ¥
‘ . ca . ,our, 4 " - j
g ty Correct |
.3 nx _ ]
e kI -
Tty * Good for you! 37 (ten) = 45 (eight) | ‘[;ﬂt

- br 5-23

- , un 8 goes into 37 four timés. Type four.

2 5-22-3 qu sake a place value chart for base eight on
' a piece of scrap paper. HWrite 4 in the
N ~ eights column. What is the remainder whan

you subtract 4 eights from 37 (ten)?
nx | ' |
fa kw//1
ca ,ive, 5
-ty Corvect
nx
" S kw/iv
‘ L Ca ,‘ -, 86
) ©  ty - Good for you! 37 (ten) = 45 (eight)

b 5-23

Sooooun "4 eights = 32, 37 - 32 =5, Type 5.

5.22-4 qu  Since there are no eighis in this remainder,

===

: . - this indicates the number of ones vremaining. ,
T .- Write 5 in the ones column. Nox read the
E number. What is 37 (ten) in base eight? ‘
nx o . - )
ke ki - I8
| o ty  Correct - 37 (tan) = 45 {eight) S
: T un 27 (ten) = 45 (eight) ~ Type 45 (eight)

f"‘ 5223 au  What is 75 (ten) in base eight?
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Appendix H.1

Reprinted by permission from e

Soction 1

Management Accounting.
Yol. XL Vig No. 5, January 1966, pp. 38-45

Management Accounting Via
Computcr-Asslsted Instructlon |

nymn:.cm\mm.

MEE RAPID - RATE ot technoldgical
X change in thé American economy
has traditionally beea associated with

manufacturing ' processes, improve-
- ments of products, ete. Educational

" ‘psychologists have recently made ex-

" plicit attempts to apply the-fruits of

‘this technological advance to teaching
situations, including the -industry

" programs. of training new employees

md re-educating - existing personnel.

Dunng the past year the author of
- this ‘article has been engaged in a
- march project the purpose-of which

- gram for teat:hmg basic management,

" accounting through the use of a’

' ‘computer.t

Computer-assisted instruction may
be characterized as an ' automated

" instructional process with the follow-

ing features: (1) a computer pro-

* ‘gram, (%) a centralized high-speed"

computei- which is actually a high-
- speed data_processing systera—a net-

" work of machiné components—and

. "(3) student stations which ‘are’ tied
‘t0 the high-speed computer, *

The computer must be capabie og,'
accommodating a large number of.

".students simultaneously. The instruc-

IOE J. CRAMER, JR., CPA, Williamsport Chapler 1964,
is Assistamt Professor of Accosunting, College of Busimess
Alnmmtrdtm, The Pennsylvania State Umiversity, Umi-,
_veysity Park, Pa.” He bolds « BB.A. degree from Texas

* Somthern University anid M.B.A, and D.B.A. degrees from
"' “Iudians Usmiversity. Professos Cramer is & frequint com-

tbutor to professional journals.

i

‘purposes of this research are (1
.. feasibility of phasing compufer-assisted instruction

tor, in the traditional sense ot the
word, is involved with the program

" -in the sense that he may actually
' .prepare it or gpproveé iis use.: -

The philcccphy or hypothesis un-

“derlying such & learming-teaching

situation is quite ‘simple. First, in
view of the present mass of people

to be educated ail teaching cannot be

done by human beings. Furthermore,
the teacher can emphasize his finer
pomts, leaving many procedural as-
pects to the computer. A brief de-
scription. - of the development of a
basic management accounting course
for. éomputer pxesentaﬁon is given
below’.

'
- l

©_is to' develop an experimental pro- ¥The . overal project_js catited “Dmloment

and Presentation of Four Different College
Courses by Computer Teleprocessing.” Two major
't study the

into the instructional program of a large state
university und (2) to fielg test the computer-
assisted " instriction  courses in’ official college
classes with typical students and other mormal
educational parameters. Contses are being de-
veloped in engineering economics, modern math.
ematics. audio!ozy ;nd basic management account-
ing. The project is supperted by the Umted
States Office” of Education under the provisinns

. of Title VII .of the National Defense Education

Act of 1958, Project No. (OE-4-16-010). The

‘equipment tted is the IBM 1410 computer
. configuration at the Thomas J.' Watson Research
.:Center, Vorktown Heights, New York. Comple-

tion date -for the project is .scheduled for Yune
30, 1966. I am especially appreciative for the

:cﬂ‘om expended by Charles Hugh Smith who

served as my graduate assistant during the past
year and to Harold Mityel and Kenncth Wodtke,

.co-d:rectors of the proxcct.

- Ml 2 A iy
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Course Comient

The course is » one-term course
formally classified us basic manage-
ment accounting. As -developed for
computer presentation; certain por-
tions of the. course have been ex-
panded by “Supplementary Reading
Asmgnmen - prepared by the course
author.

. - .The completed com'se, as ongmally
_programmed for computer presenta-

tion, consists of the following topics

- (ten ehaptors):

A Introductxon t0 management

accounting:
A. The responsibxhty account-
ing and dual posting con-
_cepts in relation to cost
. accumulation for (a)
- control and’ (b) income

measurement permeate,

the entire course.
B, Distinction between .ace-

. ccunting procedures for

.merchandising and man-
ufacturing firms,
IL. The cost accounting cycle (ac—-
: countmg for matenals, labor
-and overhead) ,
III. Basxc cost accounting systems
© (historical and standard cost-
.. AS Job order coatmg
‘B. Process ¢

IV Cuntrol of manufacttmng coets*

.. (classification of costs as fixed,
'variable and . semi-variable

, usefulness of the flexible bud-

. geting technique for controll

: of factory overhead costs).
V Aeeeuntmg data for business

. decisions (an’ introduction).
In view " of recent curriculum
~ changes by the ‘accounting depart-
ment at Penn State, the course author
plans to expand the above outline to
include direct costing and budgehng
(period planning).

“Cource Author, R
_-Student and Compntef ‘

The course included in the recearch
was prepared by utilizing a special

author language developed by IBM
computer scientists at the T, J.

Watson Research Center. The lan-
guage Is not bound by or committed
to any plrtxcular teachmg method-
9loey

A very limited knowledge of com-
puters is necessary to use this lan-
guage. Authors n:nplement their own
ingtructional techniques or teaching

»v'methods as sourses are written.

With the special language the au-
thor can include questions, problems,
assignments, correct answers, incor-
rect answers, knowledge of results,
branches, or alterations i in the course
sequence, ete. .The course is stored on
a magnetic disc to which the com-
puter has selechve access to any part
with a delay of tnne of less than one

. second. -

“The course is. presented to ztudents
via an IBM 1050 teaching icrminal.
This terminal consists essentially of
a modified electric typewriter through
which the computer types out course

. material to a student seated. at the
-terminal. Informatxon can also be
~prwented by slide projector and ‘tape

recorder under control of the com=

,puter

- In answermg a quettlon or . prob-
lem, the student siraply types his
answer at the terminal and relays it

, .-%o the central computer which ip tnen
- for. control . purposes, - and

provides immediate feedback or

knowledge of results to the stedent,

Tuus the teaching station is an input-
output device, The computerized ver~
sica of the course is demonstrated by
the followmg illustration of a short
sequence. In this case problem, it is

_assumed that the student has’ read
~the relevant section of the text or

other assigned readings dealing with
computation of equivalent units and

’umtcosts
Short}mcenCouProblen

Imelda’ Presessing Corporation in-
curred 340,000 of production costs
durmg the past month. Materials




costing $22,000 were introduced at the
start of rrocessing, while conversion
costs -of $18,000 were incurred 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 stilf in process at the
end of the month -averaging one-half
complete. No inventory was presert
at the beginning of the month, -
Requimzp: o

1. The equivalent units of produc-

tion for (a) materials, (b) unit
conversion costs.

. 2. The cost of {a) ending work-in-
o “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. station. After the student
has studied the problem he signals
the. computer to initiate . the.instruc-
tional sequence which, in effect, tesis
or demonstrates the student’s under-
standing of assigned reading mater-
+-In the following example, a section
of the course based -on question 1(a)
of {:1e above problem is.presented and
explained. Notice that both main line
as well as remedial questions or in-
structions- are labeied so: that the
random access feature of the system
can-be implemented. -
lal 141, -

" rd  In the fm‘gl‘dq?\r&céssihg Cor-

139,000 units

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 costing or
first in, first out method. iz

. employed.  Nevertheless, use
the basic framework as set

forth for average costing in
order to. solve ihe problem.
Press (ECB) when you are
ready to proceed. ...

- 1-2

What is the equivalent units of
production for materials?

40,000

40,000 units

Very good. It is apparent fzom
your response that you under-
stand the procedure for calcu-

lating equivalent units.

1-3 ...
29,000

-

Your answer. is incorrect. Read

_the problem again, and pay
.- particular aitention to the

manner- in which materials are

| introduced. - . .-

. 'Try again. Remember that ma-

terials. 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 {o restate units associated

with each in terms of com-
pleted units.

Explanation of la 1-1 ond la 1-2: The computer presents instructions
to the student in ia i-1 and_he is told to signal completion after which
a question (la 1-2) is typed out by the computer. The student is. then
given ninety seconds in which to respond. If an answer is' not entered
during thie time veriod, the computer commiands the student to work
faster. Thus, student responses (including failure to respond) determine
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 la 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. corrett and incorrect answers as he wishes. In this
_particilar sequence ‘the computer would give the first un if the student

. R R

entered a vesponse not programmed by the course author. If this is done




g

ucond ttme the secead uu would be executed and ine Smdﬁtt eniers ‘ .

. remedial branch. Assumz that the
_Tespenses,

L br
I
U GY

1 .2‘ Y

1-2a a

’I’he general procedure for
computing equivaleat units is

' based-on the following for-

‘mula: - Units completed and

. _trangferred phis units tacluded
o inendmgworkmprocessm-

ventory (exwressed in terms
of completed units) equal total

" possible production. Deduct be-

’gmnmg “inventory fexpressed
in terms of cympleted units)

. frora' total possible productxon

in order to determiné equiva-
lent units of production for

" the current pericd. "Notice that

it mdy be necessary to make
separate “calculations for ma-
térials, - labor, and - factory
’overhead, depending upon
whether . ¢r not these items
are added at a uniform rate
‘during 'the production process

" or at the start or end of pro-
" cessing, etc. Thus, you should

. bf:

br
la .

cb-

08
cb
ty

P S A AT RS AR S S Y ATy WY i e

' yead "each ‘problem caretuily.

Are you now able {o determine

T gguivalent urits of production

(in this case materials put into
process) for materials by using

'~ the above formula? If so, {ype

" in your answer as adjusted,

i ~éa ~ il
cb-

-46,500

'40000 units

1-3

" This answer is also incorrect.
'Now consider a step-by-step
solution. -

3=2b ..

- 1-2b |

How. many units were com-‘
v pleteted and transferred dur-
© ing the period? o

4,0,‘000'units‘ . !
13 ‘

38,000 IR
38,000 upits - . .

Correct “This mfomatxon is

_ given in the prcbiem.

The answer is_given in the

' problen.. Type it m.

la

qu

gives too un

studenst
The oomputer would then “brench” h:m to la 1-2a.

1-2¢ a

How many (equwalent) umta
of materials were included in
ending work-m-proeess inven-

- tory?

ca

cb
br

cb

qu

ca
b’

wa

- wh
. ty
"la
: qu

40,000

40,000 units
13 .

2,000
. 2,000 units ,
.~ Very gocd! You apparently un-

derstand that ‘all units are
100% complete with respect 1o
materjals since all materials

are introduced at the start of

processing.
Read the problem again in

“order to determine the “stage

of “ completion” of all units

- with' respeot to matermls, and

try again. - ‘

All units. are 100% complete
with respect to materials. Thus
equivalent units of materials
inclyded in ending work. in
process inventory amount to
2,000. Type in the correct an-
swer, Take a minute to maka
a personal -note to review
the procedure for oalctﬂaﬁng

.. equivalent. units.
la ‘

1-2d

Is the followmg statement true
.or false: Beginning work in
" process inventory is zero.
Therefore, equivalent wunits.

would be zero for the various
cost ‘elements,

true .

“True

Correet The answer is gnen

‘in the problem.
’ false ' . +

False . .

Incorrect." 'l‘ype in the correct
answer; it is given in the
problem. ST

1-2¢ -

You now have all the netes-
sary ' data for calculating equiv-

" alent units for materials. Type

" in the answer,
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ca 40,000 - gu What is the equivalent units
* cb 40,000 units . of production for conversion
-ty Correct o T costs? - ‘
o h -1‘3 - etco.‘o. - .

Explanation of 1a 1-2a, 1a 1-2b, 1a 1-2¢, 1a 1-2d, and 1a 1-2¢: The random
access branching feature of computer-assisted instruction i 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 assumption that the student enters two
unrecognized responses to gquestion la 1-2, he is branched to la 1-Za
~(a remedial question) where a hint is given which presumably should
enable him to answer the question from which heé has been branched,
Only if the correct answer to la 1-2 or la I-2a is given will the studeny
. 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 nci L
to penalize the studeat who can answer the main line %ue:ewu by forcing
him through the eniire remedial insiruciion sequence the student is given
a chance of answering either the main line question from which he has

been branched or trze remedial question. If he does the former he is

‘oranched to the nex

xt main line question in the sequence, whereas, if he
takes the latter route Le is given tie next remedial i

leading up

to an accumulation of sufficient information which will engble him to
. answer the question from which he has been branched. Thus, ¢ student
. who has a thorough understanding of his assignment is ‘able to woirk

througk a sequencz which

. he “knows where he atands.”..
B acfual  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, ete., which
enables the student to acquire thor-
ough exposure to relevant procedural
" aspects of process costing.

As illustrated, the branching tech-
nique permits the computer to aiter
the séquence of presenting course

materials bused on responses of each..

student, thereby recognizing indi-

- vidudl differences: Another advantage .
is that the student carnot see the ... . IR
Student Reactions =~ =~ '

" The following comments are based

- information 'stored. in the computer.

<Unless the author includes ‘help”

sequences in the program, the student
must rely on what he has learned.
- Bach student will get different re~
. .sponses frem the computer based on
...+ his -answers to questions, ete.

‘The course author attempts to de-
velop the program in a “exible man-
ner to facilitate the learning process
-+ of as many students as possible. In

: h would include fewer  questions than the
student who experiences difficulty. Irrespective of the actual
dy each student, immediate feedback is mqpided by

path taken
the computer so that

addition to the above described
branching technique, it is now pos-

sible, to incurporate a conditional

branching feature wherehy 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 zhd slide projector controlled
by the conminuter—which, facilitate the
learning process. Space does not

_permit a Jdetailed discussion oZ these

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
termi. Portions of five chapters of the
program were tested. = -




| Student subjects indicatzd that they

were initially fascinated by com-
puter-gssisted instruction aand im-
pressed by the large degree of student
independence whick characterizes the
learning ' situsiion sz well as the
ability to proceed at their own pace.

Three students informed the course

author that for the first time duzing
‘college that they were able
to direct meamngm‘l question to the

instructor, graduate assistant, or in

class, as a result of reviewing com-
puter accumulation of student records

which afe available to both studemt.

‘and course author. = .

In addxtxon, student subjects ex«
pressed great satisfaction for having
‘been ngen ‘an oppertunity to partici
pate in & ‘resedrch project with their
classroom  instructor, This type of
student-teachdr association *(at ' the
largér university) is usually re-
stricted to the graduate student. -

Interestingly enough, the majority

' of‘student subjects indicated that the

couplecl with the mare idea of huving

to “operate a machine’ Most students
subsequently adjusied to comiputer-
assisted instruction if they were per-

‘mitted to, work aloue and if soisone

was available. in case of “difficul
with herdware and conrse content.

Review of student racords alse xa-

_vealed that there was a noticeable

- early “developmental stage of com-
. puter-assisted instructiox "has ' per-

mitted a gredter degree of student-
teacher interaction, especially on'the
large college campus. Future implica-- -
. tions of this aspect of computer-

., assisted -instruction i, cof course, a
.. -separate ‘problem.. x
- Several stidents became “bored”

*_ after having worked. at the computer

.. fez a few gessions. - Discussions with -

- ...these students revealed the foliowing.
. 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 eourse 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 . gtudents were nervous be- .

" cause of exposure to a new teaching

medium or inability. to type as pro- .

ficiently as they would have liked,

increase in ‘the amount of material
coversd, (number of linss) as the
student prog"ezsed through the pro-
gram, and that there was uo apparent
réduction in errors tracesble to the
student and those traceable to the
hardware. :

* Errors traceable io the student

relate to general mxsunderstandmg of

.accounting corcepis and procedures

previcusly covered in prerequisite
accounting courses, interpretation of
questions, speiling and grammar,
arithmetic -errors, .and  expcsure to
new accounting 'concepts and pro-
cedures not readily _comprehended
for the fivst time,

Errors traceable to the hardware
(as well as the course author) relate
to the rigid manner in which student
responges are matched with. those
included in the computer program,
failure to antxclpate and program
acceptable answers transmitted. by
student (due to termmology, ete.),
anda other genetal errors in program
mmg :

In addltxon, s*udents commented on
frustratlons resulting from having to

wait” at the terminal for daia to be

tranSnntted by the computer.

RMost of the above student reactions
can be .explained by the fact that
computer-assisied instruction is going
through the umtxal research stages.

‘During recent months rapid strides

have been made -in improving  the
special author language so that much

. more ﬂexibilitykis given the computer

in recognizing slternative student re-
sponses and providing sufficient hiuts
whick vnll reduce student frustra-
tions in the future.
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Computer-assisted instruction is a
xelatively new area of research. Con- .
- sequently, course authors and .gradu-
" ste assistants were, also subject to an
. “adjustment process” and they: ex~
© yerienced frusirations similar to those
,"nf student _subjects. . Early exper-
. ienices qf the author in developing
" materials for the . management ac-

tounting course are indlcated in the

| . following ‘three comments,

Original plan.. to develup course
from classroom - text materials. Even
though a text is required for students,
in the usual classroom. situation all

sfudents are.exposed. .to.a broader
coverage of the  subject matter. .

Hence, rigid reliance on text mate-
rials alone would limit seversly 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 computerizea
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, u 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 uptiating and necessary
revisions of course materials can be
held to a minimum,

Revisicn of course materiais. The

Yiecessity for revising sechons of the
‘course impiiad by the precedmg dis-

cussion’ also results primarily from
mprovements in the special author

_language and review of records of

student errcrs accumulated by the
computer

‘In view of substantial zmprovement
and expansion of the author language
since initiation of the research proj-
ect, future revisions of the course

' matenals will mcorporate some of
~ the nore recentiy perfected operation

codes where applicable. The com-
pleted version of ‘the course will also
include quizzes,  examinations and

_addxtxonal case problem& -

Student records provide mdxspens
able information for revising flow
charting ond hlack diagramming of
cowse materials so as ‘o improve
the interrelationships between course
materials, computer and students.
Obviously, the task of 1evising course
materials from this typ: of informa-
tion is a continuous onv. These re-
visions will enable the course author
to develop materials with sufficient
generality and flexibility to fit indi-
vidual requirements of students.

Teaching of concepts and practical
applications. An important implica-
tion of the use of computer-assisted
instruction, as revealed by prelimin-
ary testing of the managemen! ac-
counting course by student subjects,
is that the use of this form of instruc.
tion is relatively more effective for
the purpose of teaching procedural
aspects and practical applications
(approaches fo solving problems,
etc.) as compared with the teaching
of concepts ard theoretical considera-
tions. For example, computer-assisted
instruction is not presentily developed
to the stage whereby the equipment
can handle and process complex
essay questions and discussions of
concepfs in a manner to reflect
individual differences of students.
Distribution of supplementary read-
ing assignments, referred to earlier,
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_ is the method used in the mansge-
" ment accounting course to overcome

this possible shortcoming of auto-

plicated student answers can be

" The future of cé:nputer-a#miéd in-

struction will, no doubt, be viewed
" with great optimism and cager an-

ticipation due to the present education

"explosion and shortage of faculiy as
- well ag the limited funds «vailable to

accommodate the required expansion

) Jin- edu_qatxonul activities. Az indjcated

L

~ mated teaching. On the other hand, -
"~ computer scientists continue  the

' search for methods of improving the .

' ' hardware 50 that complex and com-

—~

by iis name, computer-usirted in-
struction is in&ended as an auisﬁw
dmuc -

As is generally true vath :he intro-
duction of any form of change, ob-
servers a.c concerried and will con-
tinue to ‘be concerned with many
guestions relating to the future pro-
spects of computet-amisted instruc~

- tion. For example, cost-benefit’ and

other feusibility studies ™ will  be
undertaken and resctions of and
effects of this new form of instruction
on students will be analyzed. No
doubt, computer-assisted instructiom,

- even in its ‘development stages, has

one compelling positive” slant: all
teaching simply cannot be done by
human beings! °

¢ ¥
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Appendix H,2

Reprinted by permission from
The Arithmetic Teacher,

Januany, 1967

Computer-assmted instruction:
1mp11cat10ns for teacber educauon

C. ALAN RIEDESEL and MARILYN N. SUYI‘)AM
The Pennsylvamq State University, Ungyerslgy_ Park, Pen(lsylv_ama

Dr, Riede:é? ic an associate profesaor at The
Pennsylvania State Umver.my He teaches under-
graduate and graduate courses in content and in
methods for tke teaching nf an‘thmetic

Miss Suydam is a doctoral condidate, ma;ormg in

elementary mathemaac: education,

There is agrecment between matheinata-(

cians and cducators 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 arc
very similar to the recommendations of the
Committee on Undergraduate Program in
Mathematics of the Mathemaucal ASSOCI
ation of America, :

VVith the increased press of enrollments
in these preservice and wi-seivice covrses,
it has become increasingly diffcult to find
instructors who can teach theése content |
courses in a manner that not only i improves
the student’s background tut also i improves
the student’s atiitude toward mathematics,
In this article the authors will explore the
possibilities of ihe vse of computer-assisted
instruction in mathematics courses for ele-
mentary school teachers and will report
findings from a field trial in which CAI
was used as the major portion of a college
mathematics course. To the best of the
authers’ knowledge, th's 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 a1d in the teachmg-leammg

process, Essentially, it is programmed i 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 E
Center. Tae 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 Stats

Uriversity.. 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, .

provics knowledge of results if. - COrfent,

and thea either shows a slide, plays &

tape, or types out the next question. If
the answer is an anticipated wrong answer,
a specnﬁc clue is provided; and the stuc,ent
again responds to the question. For un-
anticipated wrong answery, the computer
either types out a series of clues or the
reason for the correct answer, or branches
to.a series of smali-sicp gucsitons. Course-
writer allows for partial answer-processing
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on such fa~tors as key words or spelling.

Branching decisions are based on partic-
ular answers, on an accumulated error
ccunt, or on student decision.

"There are several advantages that have
been noted for CAI, particularly in com-
panson with other programmed devices:*

1. The computer carefully controls the
,leammg sequence of each student and re-
quires the_student to comprehend each
frame. - ‘

- 2. The computer can ]udge 'constructed
respoases for accuracy. ,_

3. The computer may offer & more
stimulating learning situation thas is some-
times provided by programmed texis.

4, The computes 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 stlmulus-prw-ntatlon equip-
ment,

6. Currently, there-is a great deal of
. interest in the use of a guided discovery
approach to the teaching of mathematics.
The author of & CAI sequence is able to"
use the same typs of gmded questioning
that is typlcal of gmded discovery patterns.
In fact, it bas an adVantabe over a guided
discovery discussion, siice each learner
must x’espond to each quwuon, expenenc-
ing discovery himself. | :

7. The computer offers data ‘on the
entire learning session as' well as s"mma.ry

information; 'These data can bé useful in

revision of a programmed sequence as well
as for sehool records and research pur-
poses. Students-can use their “type~outs”
for study. ‘Also, studént records can be
very useful in analy:rmg the thmkmg pat—

terns of students o

. )4"-‘:.", oo l;"k P A
iMany of these were adapted from Walter Dick, “The
Development and Current Status of c«;mputer-nued

Instruction,” American Educetional Rawarch Joumal
I (Jununrsv 1965). 41 S 7 I .

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 cifective means of teaching?

“This is a question that needs thorough

stucly. The field test report that follows is
a small piece of the evidence necessary for
adoption of CAI procedures on 2 wider

_scale.

“The couise used in this study was pro-
grammed on the basic mathematics con-

 tent of Math 200, for freshmen and

sophomoms in the clem;nta.ry-educamn
sequence at PSU.2 In addition to the course
text,? other references 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
mavmath program‘ uses seveml bamc ot ‘

i

’This course wu devdoped a8 portion of “The Dc- ’

velopment and Presentation of Four Different Collige

Courses by Computer Teleprocessing,” & ressarch proj-

ect mnded under the proviliom of Part B. Title VII

of the National Difence Education Act of 1988, US, -

Office of Education Project Number OE-16-010, Col-

le(e of Eduution. 'l'he l’enmylnnia State Uutnnit!

’Jo!m A Petemn and Joseph Hushisaki, Thm of -
Arithmetic (New York John A Wlia & Sons, 1M3).

‘ancis J. llueller. Anthmctw——lu smmu and
Concepts (Englewocod Cliffs, N. J.: Prentice-Hall, 1884).

Robett L. Swain and Eugene D, Nichols, Understaml-
ing Arithmetic. (New Yotk Holt, Binehztt an" YiTine
ston, 1985) a

14, Word an& C. E. Hardgrove, Modern Elemeviory
Mathematice (Reading, Mssa.; Addison-Wesley , Pup-
lhhin: CO 1968).

G. Cuthbert Webber‘ a'nd John A.' Bm\m, Basis

Concepts of Matkematics (Resding, ‘Klass.: Addne

Wesley Pr*luning. Co., 1963).

“The tite mavmath is formed frem 'modern u&t»
matics with audiovisual alde”; tupu and slites are
activsted by the compuier. A
uses ‘s book of displays in place of the tapes and slides.

~

Ancther version, medwaih,




sumptions concerning the teaching-learning
process.® These are:

1. Mathematics is best lﬁrﬁed 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 firsc. _

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

3. “Individuais differ in -their recep-

tivity for learning™ - . = .
4, “Effective learning is continuous and
developmental in mature;™® thus previous
generalizations and facts are heipful in de-
veloping new generalizations. '

5. “Continual failurc by an individual -

at any levei makes for ineffective learn-
ing.”® ‘

6. “Active participation by the student
tends to produce an cffective learning ex-
perience.”® ' a

7. “Knowledge of one’s progress con-

tributes to effective learning”"*

A belief in these assumptions leads to a
teaciiing procedure in which the student

. is presented with & probiem that can be,‘_f;

solved by his use of previous knowledge
and his thoughtful discovery of the next
step of knowledge in the subjeci. 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:

: INDUCTIVE APPROACH - . .
Student is presented with problem.

If protiem is solved by student, he is Ied to

refine his procedure for solving p.oblems of this

Franecis C. Lank.ord, Jr., “Implications of the Psy-
chology of Learning for the Teaching of Mathematics,”
The Crowth of Mathematical Ideas, Grades b &7
(Washington, D.C.: Nations! Council of Teachers of
Mathematics, 1959), pp. 405-40, contains & more ex-
tensive list of learning principles for teaching mathe-
matics. .

1bid., p. 412,

bid., p. 419.

gbid., B. 423

bid., p. 426.

nbid., p. 428.

Student is asked to develop a generalization.

If stadert cannot solve problem, he is asked
ldet}:clopmemal questions which lead to the so-
ution, o

Student scives a similar problem,
* DEDUCTIVE APPROACH

Student is presented with gencralization.
Student is presented with illustrative probiems

*in which the process of solution is explained.

Student applies the generaliration to solving
problcus, S e

The: mavmath program attempts to make

-use of a téaching technique similar to the
inductive pattern. One or two questions
cannot adequately convey this pattern;
‘however, the followx1g sequence from the

program is included to illustrate the way
in which the material is programmed foz
the computer. The flow chart (iicxt page)
depicts the questions and comments in
graphic form, so that the procedure nsed 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 CAl—how does it-affect

.the achievement of a group compared with
ahe achievement of a group in the tra-
. ditional \“.ss pattern? -

The popuiation—all freshman students
i the elementary cducation and special

" education curricula at PSU who were
-scheduled for Math 200 during Gie spring

term of 1965—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 sefecting ten matched pairs of students.
One member of each pair was randomly
assigned to the CAlI-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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Qu 522: When working with other bases, we frequently =
change @ number from one base to another. Whet is
the numeral in bose eight which rejwescals the same —
number as 40 {ten)? :
bted

L)

Yas ca
{correct answer)

(N ‘[ .
. - o h
ty incomect, iei's }
. consider this
problam step 18
.. B by stap.
. e
u‘&n.r Look gééin at- 40 (Mn).'Wc are looking ‘for )
a woy of regrauping it in terms of eights or powers

of eight. What is the largest power of eight.- repre-
_seated in 40 {ten)?
Sassemuns 'y .

T A series of questions follaws, ﬁnoll} !eading. to the correct answer
to 5-22, Then question 523 is presented.

5.23 What is
* 324 (ten) in bose -
oo eight




week for discussion that centeced on their
questions in regard to content. Both groups
ased the text Theory of Arithmetic, by
Peterson and Hashisaki, and both were
provided with the same stady 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 to study

- guides were collected.

» teacher-treatment group met twice
a week for class periods of 75 minutes
each, The instructor developed the math-
ematicai content mducuvely, to paraiiel
the premises of thc CAI program. The
CAl-iteatment was scheduled for 23%
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-
cially 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 zroup
on the posttest was 4J.9, while the mean
for the CAl-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 ¢ 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

fencible tool for teaching mathematics
courses for pressrvice teachers.

There are several other facets of ele-
mentaty-teacher education in which CAI

should receive more than ¢ cursory examina-

tion:

First, CAIL could be ysed as a Snort
course for the preservice teacher with an
extremely good background. This would

allow, that student to lsarn more math-
ematics in the time allowed for the study

of mathemancs.

Second, CAI has great potentxal for in-

service work. At present, the t_ pical pat-
tern of in-service educatior. involves after-

school or cvening 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 compa;able program.

Several difficulties arise from thls type

of program.

There is the passweness of the situation. \

The teacher sits and listens rather than

actively working on the material. Using
CAI, the teacher would be. actively in-.

voived in learning the content. One doesn’t
just sit and allow an electric typewnter
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 s do. CAI coni-
tent-instruction would allow the educa-
tional Jeader in mathematics to take the
lead in discussion centered on the imple-
mentation of good mathematics programs.

Thira, CAl 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
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are som* yuestions to be answered con-
cerning the use of CAI:

1. Few students have had more than
one 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 assoclated with any
new product—-—can they be solved? Just as

the teievision set of 1950 needed repairs
every few months, the present CAI sys-
tems have ,wmeMes freqquent disruptions.
These problems hopefully will be over-
come with increased experience and use.

3. Writing CAI matsrials takes a long
time. The authors spent the eqtuvalent of
two man-years on a course that is approx-
imately a two semester-hour college course.
Ways of improving writing speed without
hnmng quality must be explored Thus
the question, “Can programs be developed
more cfiiciently?” needs to be answered :

4. At the prescat time CAI is’ exper-
sive, as are most newly déveloped devices.
What will be the cost of widespread nse
of CAI? Only time will tell. However,

some experts contend that the cost wxll

be reduced to one dollar per hour on the
terminal, -

5. The computer may be psyeho!ogmt!’: ,
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 mdmt:on, the
answer is yes. Howevcr, it is hoped that

educators will begin to learii scapething

from the !nstory of other new media, Ia
partxcular, it must be realized that an in-
novation such as CAI can be neither better
nor worse than the scho‘arsmp -ad cre-
ativity of the persons develonmg the pro-
gram allow. If CAI courses are caref\ﬂly‘
developed, the authors feel, CAI ofiers
greater potenttal than prevxous inziovations

" such as sound film, telemslon, radio, film-"

strips, and conventionai programmed in-
structlon Wlnle thie jury is still out, CAI
offers one of the most 2xciting methods of '
studymv the teachmg-leammg process
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) Educanonal requ.rements for a
Mstudent—subjec'f matter mterface

bV KENNF"'H H WODTKE

" The Peansylvania State University -
A ‘«Uaivcisity Patk, Pennsylvania .

lNTRODUCT ION. .

The problem of commumcatmg knowledge, slulls,
and aftitzdes 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 relatively little response involvement wa
the part of the learner. Recent advances in communi-
cations technology have revived i1 rest in the
question of the media of instruction and have broad-
ened the avenues through which the learaer 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 adaptatlon of the instructional
materials to the’ characteristics of the individual
learner as »on"asted wnlh earlier “static” display
devices, and require active 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 teclmologlcal dévelop-
ments in the area of computers and communications
systems, there has been an emerging technology of
learning and instruction. 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,” bchavxorally defines and evaluates
instructional objectlves systematically arranges in-
structional experiences to  optimize learning, and
applies theoretical medels to the process of instruc-
tion. It is not surprising that these investigators
should also address themselves to the problem of the
optimization of the modes of comsmunication used in
instruction.

In computer-assisted instruction (CAI) the term
“student-subject matter interface™ describes the

devices such as two-way typewriter, cathode ray tube,
slide projector, tape recorder, etc., through which
the student interacts with the subject matter. The
tw major dimensions of the interface are its stimulus

_ display capabilities and its respunse processing capa-

bilities.* Stimulus display capability refers to the
variefies 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 characterisiics of the subject matter, the
characteristics of the learner, the nature of the in-
structional process, and the cbjectives of instruction.

Subject matter charactertst:cs

Perhaps one of the more obvmus factors affectmg
the capabilities which must be available in an in-
terface is the subject to be taught. Different subjects
require different interface characteristics. The most
extensive study of the senatlonahlps between subject
mater characteristics and mterface fequirements

*The stimulus display and rcsponse provessing capabilities of a

CAI system are 1.0t 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 compater, 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 whether it resuits from an inadequate
recording and playback system, a limitation of the central computer,
or a lack of avallab!e software. The purpose of this paper is not 1o
analyz;c how the vanous 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 specifications for a studeni-subject mattey interface.




320

has been made by Glaser, Ramage, and Lipson.'

These investigators conducted an extensive analysis
of the behaviors involved in learning three subjects:
clementary 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

o TableI " "
Stimilus and Response Requirements for the

e e st o, o

exampls, science instruction often requites the

visual display of natural phenomena and simulation

pictures. One car't help but note the obvious ad-
vantages of a closed circuit television capability as
part of the intesface for displaying scientific phenomi-
ena. Science instruction also appears to placs 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,ete;. =~ -~ -

Some of the requirements listed in Table I arc
easier to implement than others. For example, cur
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

- £
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" sInstructional functions which probably can be implenented in a CAL systen within the

" forsseable future. .




instructional terminal. One course in audiology

. covering (e anatcmy 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 audttory system and the actual
models. . . :

One conciusion seems evident from an examination
of Table §. Existing interface capabilities cannot
accommodaie all of the requirements of these subject
maiters -as they are presently taught in the schools.
Furthermore, it is doubtfu! whether some of these
capabrhtres (voice detection for example) will be
icasible in the very near future, This observation is
not surprising in view of the fact that most classroom
instruction provides a wide vanety of experiences for
the learner. It must be remembered that Gliser's

.analysis represents the totai spectrum of mstrucuonal

experiences -and few investigators expect CAI to
_reproduce all aspects of these expenences. The
rather marked discrepancies between the require-
ments of Table I, and current interface capabilities
reemphasizes the widely heid view that CAl must be
supplementary to existing instructional techniques.
Mitzel* has pointed out that one of the most im-

, portant problems to be sclved in the development

of CAl is the determination of the appropriate “mix”
between comiputer-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 CAl must be pro-

vided by the teacher or by some other means.
 What ‘are the instructional tunctnons which ‘can

‘feasnbly be provnded within the next generatton of
'CAl systems? 1. have mdtcated my own _conjec-

~ tureés with regard’ to thrs questron by markmg with

.'an astensk those mstructnonal functions listed in

. Table I whtch I think can be rmplemented within a
CAl system in the foreseeable future

Work ‘with high schoo! and college level CAI

i courses at Penn State (Mitzel,? ‘Mitzel and Brandon

45.5) indicates that the level of the subject matter is
also a critical variable in determining the requirements

_of the interface. Elementary mathematics presents

one 3set of interface problems and hrgher mathemaucs

. anothe!‘. . . oy

The nature of responses in a mathematncs program
are often such that the course author is willing to

accept as correct a range of answers. In the course
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of solving a complex. matliematics problem rounding
errors may result in minor variations in the nuraerical
answer. If the compuiers is programmsd to sequire a
perfect maich of the student’s answe. with a prestored
answer, answers which are essentially correct will
be regarded as incorrect by the machine. Asa solution
to this problem, IBM? has developed a “limit func-
tion” as part of their Coursewriter language. Limit
function allows an author to program the computer to
accept all responses within certaui spectt‘ ed limits
as correct responses.

Another problem occurs in attempti*tg to teach

college mathematics usmg ‘a typewnter terminal to
display the course and process student responses.

‘Mathematics frequently involves the dlSplay f rela-

tively complex equations and symbclic config gurattons
containing subscripts and superscripts. The type-
writer is not efficient in dealing with such materials,
and may actually interfere with lcarning when the
student is coafronted 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 symbolnc material through
a keyboard still remains. It is ‘ncteWor'thy that even
the mosi expenenced typists fiave difficuity in re-
producing - material containing many symbols and

,equatlons IBM 'atiempted tc solve this problem
" by developmg a me*heratics typehead and a key-

board mask to aid the student 'ir: identifying the new
character set. Our experience with this device at
Penn State” suggests that it is satisfactory for re-
latively' short responses, but that it does not greatly
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 sumlar misgivings con-

cerning this procedure.

Mathematics is riot the only subject matter whrch
presents special problems for the CAI interface.

‘Several studies conducted at Penn State (Wodtke

and Grlman,8 Wodtke, Gilman, and Logan®), demon-
strate that the typewnter is an inefficient interface

for highly verbal subjects at the college level. When

1dent|cal instructional programs were admrmstered

‘on-terminal and off-terminal there was an mcrease

in mstructlonal time of 25 per cent in the on-fermaal
group with no commensurate increase in learning.

In a second study cmploymg a still more highly verbal
program, the increase in instructional time was 75
per cent for the on-terminal group with no significant
drﬁ‘erence in learning when compared to the off-
terminal group. The largest portlon of this time decu.

ment is undoubtedly due to the slow type-out rate of
the typewriter (approximately 120 words per minute)




-
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_and programmed text.
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which is substantially slower thzn the normal read-

- ing speed of the typical high school or ¢ollege student.
In an area cf research where variaticzs in instruc-

tion typically produce only small gains in student
achievement, a time loss of 25 per cent represents
a substantial decrement. The time could be used o

“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 consideratio;s in the cost of com-
puter iime, tie-lines, and othcr “hidden” costs in-

_ volved in the preparation. of courses. All other things

being equal, by employmg an interface which would

decrease mstructional time by 25 per cent without

reducmg the amount lcarned, four students could be

_ :taught for svery three taught by means of a type-
writer inteiface, .

From the college student § pomt of view, learmng

' at a typevoriter terrmnal is not self-paced instruction

srnce he must slow down his normal rate of work.
Pacing instruction below a student’s optimal rate
could produce boredom, uegatrv:sm. and avc:a!an::

of CAl 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 cathode ray tube display device

should speed up, substantrally the drsplay of verbal
mformatron to students
The results obtamed wrth the typewriter interface

at Penn State are not consxstent with the results re-
oorted in.severa! other studies. Grubb and Selfridge

ompared the per’ormance of college students taught
descriptive statistics via CAI, conventional lectures,
Those students taught via
CAl took one-tenth as Jong and achieved twice as
well on the final posttest as did the other two groups!

_These results are so spectacular that ‘they demand
’replrcatron by other m\esugatorc ‘Schurdak*' found

that students who iearned Fortran programmmg via
CAI savéd 10 Jper cent in instructional time, and
performed 10 per cent better than students using a

s standard text or a programmed text. These somewhat
“more modest résults conform more to expectations

than the phenomenal results reported by Grubb and

\Selfndge,

The nature of the subject metter is alsb an importagt

'determmer of the response processing requirements

of an interface device. Relatively simple drill pro-
grams may not requlre very extensive Tesponse pru
cessing smce most student responscs are of the short
answer vanety College—level tutorial and problem-

. srmulatron programs will ordinarily requrre a CAl
\system wrth p.artral-answer processing capabnltty

Parijal 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!? ex-
amincd the relationship between student performance
in a CAI mathematics course, and the number of

“trme' a student entered a correct answer at the ter-
minal which was regarded as incorrect by the com-

puter because of a_minor character mlsmatch The

‘cor:elatron between student achrevement in the

course, and the number of mismatched correct
answers was—— .80! Thus, it is quite clear that made-
quacies in the computer’s ability to detect correct
answers seriously rnterferes with student learnmg
It should be noted that detection of correct responses
is not sclely an interface problem, but is also a soft-

~_ware problem. The partial answer processmg capa-
bility in. the IBM C..I system is provrded in the
. Coursewmer author language,

- Learner charactenstrcs

The second class ¢{ variables whrch rnust 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 .variables on. the interface are obvious, for
example, different interface capabilities 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 siill nonreaders. Auditory communi-

cation would be the primary means. of comniuni-
cation with nponreading youngsters. Glaser, Ramage,
and Lipson' point out that auditory response defection
would alsc. be an essential requirement for an inter-
face in ieaching young studenis some aspects of math-

_ematics, reading, and science. For example, in re-

viewing an elementary reading, curriculum, Glaser
and his asscciates point out that the student must
acquire the following competencies mvolvmg an
oral response: (I) In learning sound-symbol corre-

. spundence, the student is asked to pronounce the

sounds of individual ‘letters when written ¢ the
board or te circle or write the appropriate leétter when

its sound is presented, and (2) At all stages the student o

is asked to read aloud stories using the words he has
learned. It is probable that some instructional func-
tions such as vral reading which require oral response

 detection will have to be delegated to the teacher,

with CAI incorporating those functions which arc
feasible within the preseni technology.

i
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Object manipulation is likely tabe another important
instructional experience for very young pupils, and
for. older students in some subject matters such as
science. .According to Piaget’s”® 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.

Althcugh 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 masimum of
flexibility in adapting display and response modes
to differences in student aptitude and past achieve-
ment. An author should have the capability of ‘speed-
ing up or slowing down the flow of information 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 time-out

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
ate excessively long. Without this terminal control,
it is difficult for an author working through his com-

_puter program 1o alter the pace of instruction.

The need for the in,tex‘fﬁcé to provide graphics and

auditory display capabilities also depends on the
_past_experiences and backgrounds of the students.

The typical coliege undergraduate has high verbal
ability. CAl for college students can rely hgavily

_on communication by means of verbal material dis-

played via a typewriter or cathode ray tube. How-

_ever,.if one considers instruction for culturally dis-

v

%1dVén§age_;l_ students or students 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

- manipulation of the objects of instruction. In addition,
the relatively nenverbal student might show consider-
. 'able improvement in learning when verbal instruction

is supplemented with auditory communication. The

i
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problem of how to communicate concepts to learners
who are handicapped in verbal communication skills

is an important problem for resezi;h with direct
“implications ior tke design of CAI disnlay devices.

One. learner characteristic’ which has important
implications for the determination of the appropriate
“mix” between computer-mediated and teacher-
mediated instruction is the student’s need for afféc-
tion, nurturance, and personal 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 ‘children 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 nuitdrance may be

reguired during the early stages of the ‘(.le"v;e‘lop‘inent
. of a complex skiil such 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 reqytii're'dfby a given child.

. The branching and decision-making capabilities

of the computer are the most unique and potentially
important characteristics of a CAI system. To the
writer's knowledge, all current ‘CAl 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 decision-making capa-
bility of most CAI systems is one tectinological capa-
bility which far exceeds our present knowledge of
the process of learning and instri;ction‘. Unfortunately,
psychologists are hard plutf,.to‘: l\(now" which charac-
teristics .of the learner (immediate response history,
pattern of aptitudes, response. latencies, etc.) ‘are
optimum for branching decistons, and until we dis-
cover the instructional experiences which are optimal
for a studeat with a particular learning history, the

 full power of CAI for individualizing instruction will
notbe realized. '

Characieristics of the 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 initerface design will be considered.

It is a commonly accepted principle in alt theories
of learning, that there must be contiguity of stimulus

T e —— T — & 38 v e~
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and response for learning to occur. In common par-
lance, the principle of contiguity simply means that
in order for a response to become associated with a
stimulus, the response must eccur either implicitly
or explicitly in the presence of the stimulus. If a
student is to learn the English equivalent of a Ger-
man word, he must reproduce the English word
(explicitly ov implicitly) whife attending to the
German word. Hence, attention to the stimulus word
or instructional display is a critical factor in instruc-
tion, Tt 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 relevart research on this question has been
conducted by Berlyne." Berlyne found that attention
fo a stimulus is heightened by the element of sur-
prise, change, or novelty of the stimufus. When the

“same stimuli arc presented in the same format over

repeaied presentations, attention to the task wanes,
and motivation declines, The effects of rovelty on
behavior can be observed in any student working at

. a CAl terminal for the first time. The novelty of work-

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 dispiay »nd short answer response

formats such as the multiple choice frame will soon

lose interest for the learner. "
“Trave:s" and his colleagues have recently con-

"ducted an extensive review and research on various

aspects of audiovisual information transmission.
Travers’ studies and those of Glaser, Ramage and
Lipson! must be considered among the primary ref-
erences in the field of interface design. Travers has
re-examined the traditional view that the primary

~‘advantage of audiovisual presentations is in the

realism they ‘provide. Contrary to this traditional
view Travers argues that increased realism may
actually interfere, with learning, by  providing too

' many irrelevant cues, thus, a simple line drawing may

be more effective in communicating essential con-
cepts to learners than a more realistic picture. Travers

‘contiades: .

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 presentation—whether it is picterial
or verbal, This raises interesting provlems, for
.the simplification of audicvisual materials is that

. they provide a degree of pictorial contex: will

generally result in a less realistic presentation
than a presentation which is close to the fife situa-
tion. The argument which is commonly given in
favor of realism which other procedures do not.
The realism provided may not be entirely un ad-
vantage and may interfere with the transmittal
of information. The problem of simplifying realis-

" fic situations so that the situations retoin informa-

“ tion essential for permitting the learner 1o re-
spond effectively at some later time to other real-
istic situations, is an important one!*® (pp.2.1 10-
2.111). ‘ e

. Thel’, iimited ‘ca“ﬁacity of a cathod'e‘ ray tube for

displaying a high degree of realism may not be such a
deficiency afterall, - .
A more recent experiment suggests that the above
generalization may have to be qualified in ceveral
respects. Although simplitied displays may facili-
tate jtransmission of information they do not appear
to facilitzte transfer or application of what has been
learred as well as more realistic displays. Overing
and Travers'® fourd 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 tc 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 disptays may be in
helping the student to apply what fie has learned later

on in realistic problem solving situations.

Travers's and Van Mondfrans and Travers'? have
also conducted research on the relative efficiency
of information . transmission through ihe auditory
or visual senses, or some combination of the two
senses. In general, their results suggest that in-
struction involving the visual modality is superior
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 syllsbles, 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 ipterpretation than the 2uditory
transmission of 2z meaningful word. These results
suggest that the use of the visual modality will be

particularly effectivz when the task is to learn new
_ assnciations such as in learning a foreign language.

Another relevant .consideration ir iniérface‘ design
i the capacity of the human being for processing

 information. Travers® favors a single channel theory
.of information processing. According to this view,
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thc bump.n mccnv" » t.uyablc of pmccssmg infor-
,,mauon thzough only one, sensory Cha.'mel at a time,
althovgh the theory postulate,s A, rapld switching
_mechanism through which, the teccxvq can swilch
frem_onc. channel to anothcr .Accordingly, it is
‘ 'blc | uvcrloa:! the huraan mfo'mauon processing
_ s,vstcm by squmg messages thnmgh multnpie sensory
. ,cbauneia sunultaneously.. "This., condxtign might
;,l‘e;hh in a, of mt'oxmatlon pm ssed by the
multi-media CAI mtcrfa;r; shouid bq capablc of keep-
.ing the. wultiple modautncs d:shnct. T}us problcm is
also of concern to the CAI course, author who in
preparing his sraphic and anditory dnspiays must give
. atfeption to the lufonnauon prowssmg humauons
ofhis student.g

-+ Another strem of xeseamb in psycho'ogy has bezn
d eonceme«! with. the. problem: of imitation or ob-
-gervational  learning.. Bandura. and Walters'® have
demonstrated that: muck learning.sesults from the
. child’s obseryation.of the behavior of pecrs or aduit
~models.. Undoubtedly,: much classroom leasning re-
- sults from .the. students” observation. and -imitation
- of  the ‘behavior of other students and the: teacher
»who-serve:as .effective models. Bandura:und Walters
.- haveralso. demonsirated tha: observational -learning
+-occurs as readily from film-me.jiated models as from
< live .models. These results strongly suggest that an
effective. instructional::environment - should - provide
opportunities for students to observe and:imitate the
- performance of :models. :'To provide. adequate op-
i portunities. . for-imitative ;learning;.. a CAl: interface
i would-haveto: provide a.video tape, closed circuit
- television; .or {ilm projectioi-capasility. . Provisions
*-for -observational lcarning would. seem to :te most
rivaluable ir science instruction: . In learning to use
- various -pieces of scientific apparat:s or: measuring
instromenis; :the. student: could: watch a-video taped
dezvonstration by, the teacher.and then. practice
~imitating the teacher’s behavior. Ideally; such a sys-
. témr houid have a'piayback feature so that studenis
. who .eqaire. more thar one demanstration ca have
the demonstraﬁon repeated. Slow motion and stop
" action would alse be'of value in breaking down the
components of 2 complex demonstration so that the
student ' can observe thc subtlctnes of the perfor-
CInance. - oow s
Another unportant aspect of the mstructlonal pro-
cess is that of guidance or prompting of the desired
. response. The. interface must te cupavle of providing
bmts or_cues. lo, the student when an unusuall) fong
; FESponsa latency mdl»atcs ‘that the studeqt is_con-
fused, or when. the ,student makcs an oycr: ¢|:ror
. Hints . My sonsist of hnghhg,htmg the corre"t rc
sponse in a d.sp.!ay by increasing its bnghtnesq or

*Tading. of prompts.”
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huvc to lnc othrr words in the dnsplay IBM'

. Courscwn!er provides a feedback function which er-
“ables an author fo prvvide cuzs in the form of somx of
the lqtter—* in the correct response  Thus, a student

‘who was unable fo namc the capxtal city of New Yorlk

_State could be prompted with the display: A—y.
'If the student is still unable to produce the currect

vesponse after the first prompt, he could be glvc y!
still more :nformation in the second prompt, such as.

A-b-ny. In addiion to the guidance provided by

. prompting, il is also essential ihat the system pro-

vide for the gmdual withdrewal of guidance or the
A prompt should be gradually
climinated ovei a series of practice trials as the

: student becomes more certain of the correct response.

Finally, the interface should be capatie of prov'ding

. various forms of positive teinforcement or “rewards”
10 students- as they progress through' the course.

‘Reinforcement may often take the form of information

_to the student concerning his progress through the
- programi: ‘Reinforcement has tire offect of sustaining
~motivation and consequently performance on instruc-
- tional-tasks. Perhaps the: most potentially- power-
ful'source of seinforcement in CAI is the 'degre: of

contrei which the student can exercise over: the
course of instruction, the exéent to which the student

- can select his-own menu of instructicn, ard the 2xtent

to which the student can query the zomputer for in-

-formation. Recent research on problem simulation and

economic games programmed for compuier presenta-

- tion (Feurzeig!® and Wing®) suggest- that- instruction
--involving conversational interaction and inquiry are

highly reinforcing to. students. Althougii these in-

- teractive programs place no unusua! demands on the

stimulus display requirements of the iniérface, they

. o extend considerably the requirements for response

pmcessing:,’[he interface must be capatle of accept-
ing rather lengthy verbal inputs, and the computer

* mugt be able to detect key words in a wide vanesy
. of verbal responses.: S

) Instmclmnal oqyecuves -

Instructional objectives. play_an nmportant rule in

"determmmg thc interface chamcte':st'cs requirsd in

mstmct:on. It is po great SUFprise ‘that one of the

most succeasful early CAl prcjects involved _in-
‘structlon in anthmet:c drill (SupPCS, Jermian, znd
Groen®). Aritivnetic’ drill provides a relatively de-

limited class of instructional stimuli and reSponses

“The préséntation of arithmetic probiems via the in-

terf.;ce presents. faw_serious dnsplay probkms‘, and
the re sponscs “ave such that httlc compicx resgonse

processing is required. As Suppes has demonstrated,

plementm‘y anthmetnc skills ‘can be easily ‘taught by
‘a relatively umple teletype mterface, which pro-
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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 broadenzd consid:rably
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 cari be developed to teach'a wide
variety of different subject areas. Glaser, Ramage,
and Lipson' have addicssed ihemselves to this
question. In general, there sems to be some con-
census that the next geoe atior up-to-date opera-

" tional CAI systein wwi have the follow:rg Capa'

Eilities; - - : 4
‘(1) Kéyboard for re&rmse mput
(2) Cathode ray tube display wlth light pen re-
' sponse capabfi.ity
(3) Videc tape or closed circuit teievssmn capa-
©_ bility built inta the CRT unit
(4) Rardom access imege projector with positive
address (may be unnecessary ﬂ" the system pro-
vides video tape capability)

" (5) Random’ access andic commumcatlon devxce '

‘with positive address.
A CAls ystemn with the above capabnhtnes would be
able to provide many of thc educatxc:ral expenences
outlined in Tabe I, '
0 analyzing cicmentary m"t..\.*:atxc reading, and
science, Glaser, Ramage, an{ Lipson’ ..ave“outlined
some of the major deficiencies of the general pur-

. pose interface, These special \.ﬁucatlonal functions
_Riay require spmal purpose inteiface devices which
will te feasible only in cxpenmenta! CAT systcns
in 'he near futere. An operano wal mstruct:ond sys-
_«emmay have to provvt, these. exp"nences through
N regular classroora instruction o7 specnal ]aboratory ax-

penences‘
‘Major deficnencxes of a gcneml purpose student-

" subject matter interface:

(1) Mathematics—Object mampulatxon to develop
~ basic numbes concepts; the manipulation of

. . threc dimensional geometric figures, line draw-
‘ \\mgs, .blseot:on of angﬁes, drawmg perpendxc-

ulars, etc. as in geometry The “Rang Tablet”
which is currently operatnve on some experi-
mentai CAI systems provides the graphic re-
sponse capability required for teaching courses
in mathematics, science, and handwriting. The
Rand Tablet allows the studeiit to make line
drawings, graphs, and diagrams ‘which are
simultaneously displayed on a cathode ray tube
screen, and evaluated for accuracy by the
computer. The Rand Tablet may be operauonal
_in future CAIl systems.. . .

(2) Reading—Oral response dctecuon for very
young children. .

(3). Science —The limitations of the gencral pprpose

interface in the area of science instruction

depend upon the extent to which actual ex-
periences with scientific phenomena can be
simulated. Will student leaming of scientific
concepts- be adequate in simulated laboratory

experiences, or will direct expyrience with the

actual phenomena be required?.. Although. a
.number of investigators are presently cngaged
in the development of simuiated science laboia-
tory programs for CAl, these programs have not
as yet been evaluated, thus, we must await an

- answer:{o the guestion-of the value of simulated
.. experiences. in science, . One..recent doctoral,

disscrtation completed at Penn State has some

. beanng on the issue of simulated versus- actual
.experience with scaent:ﬁc,phenomena. Brosius®

. compared . the learning effects . of 'watching

- . films of the anatomy and dissection of the earth-
. worm, crayfish, perch; .and frog in bxolog:cal
.science. with.the expérience. of having the stu-

dent perform. the. actual dissections. of the
.animals. Student achievement was measured in
terms of. achievement of factual mfom'atlon )

of the anatomy.of the animals, skill in the per-
formance of  actual dissections, . skill in-the
manipuiaiion of scissors, scalpel,. ¥orceps, and
probes, and. attitude towards sciencs. The
filmed demonstrations were. as. effeciive as

actual dissection .on ail measures, ¢xcept the

. achievement of .factual information in whlch
_ the film method was. actually supcnor to the
method involving actual dlsscctnon This study
suggests tha; filmed demonstratnons may be just

.. as effective as direct cxpcnencq in facilitating
" learning, of sore concepts in bxologxcal science.

Aithough present teclmology may be inadeéquate
‘o accommodaté all instructional applications -out-
lined in this paper, it is expected that xmprovemmts
in the interface wili emerge which wil} closely approxi-

mate tht requ.mrem..nts of mary educauonal tasks

b e




The writer’s general position is that the interface
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 io-iis iimiiations in pianning 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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Appendix H.4 |

ConputereAssisted;Instruction: A Simuiated Tutorial Approach 2

Kenneth H. Wodtke

The purpose of mypapertoday is to describe a research and development
project in progress at The Pennsylvania State Urniversity. The primary objec-(f
tive of this project is to test the feasibility of simulating the tutorial’
teaching model in providing college-level instruction under the contro1 of'a ~
high-speed electronic computer. My presentation is divided into four parts:A'
a brief nontechnical description of the hardware‘inVoivedg an example from
ene of our courses illustrating one possible'tutortal strategy; examples of
- several research problems either presently in progress, or planned for the |
}future which we consider of high priority; and finally, severa1 possihle.‘
'future tppiicat1ons of tutorial computer-a551sted 1nstruct10n (hereafter re-d

ferred t0' as CAI) at the college level. s lcw

Descr1pt1on of the Penn State CAI gx_tem .

S1nce Apr11 1964 fac 1ty members nt Penn State have been prepar1ng

courses for presentat101 +o students V1a an Internat1ona1 Bus1ness Mach1nes

Gaeary 3

701& computer system. The courses 1nvolvea are modern mathemat1cs manage-l':‘
'ment -accounting, aud1o]ogy, and eng1neer1ng eronomlrs, at the college 1eve1

and technica1 phy51cs mathemat1cs and spell1ng at the fwo-year pﬁSb-ﬁ1yh -

chgcl(tgchnical‘+ raining level, Courses are be1no prepared by means of a

A1}he research descr1bed in this report was supported in part by Bureau“”
of Research, U.S. Office of Education under the provisions of T]tle VII (B) =~
Nat1ona1 Defense Educat1on Act of 1958 as amended. S

S

~ 2Remarks presented at annuaT meet1ng “of Nat1ona1 Soc1ety of 6011eg°
Teachers of Education, February 17-18, 1966, Conrad Hilton Hotel, Ch1cago,
1111no1s. |
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programm1ng language known as Coursewr1ter developed by IBM computer scien-

tists at the Thomas J. Watson Research Center, Yorktown He1ghts, New York

The Coursewriter language enab]es an 1nstructer, ‘with a minimum of special

trainina_ ‘to develop a.CAI course, including questions problems, assxgnments,
correct answers, 1ncorrect answers, provisions for unanticipated answers,

knew]edge of resu’ts, and branches or alterations in the instructijonal sequenceo

By means ofvadd1t10na]espec1alpcodes, the instructor can program the computer,,

to present slides. or tape recorded material at the‘studentfs;terminal,;andv.

can request partial-answer processing of student‘answersf This  latter. opera-

- T

“tion. permits a.student to give answers suveral words in length and instructs

the computer to.ignore trivial characters such as commas,,periods, spaces, .

dlfferences in.word order, and m1sSpe111ng if, de51red, The compute r auto— L
matically records and stores all, stadent responses,. errors, and response

times. The instructor can later obtain a print-out and stat1st1ca1.ana1y5}s,;\

| h‘of these data by means of special 1nstruct1on known as Student Records.

Course mater1a1 1s stored.on magnetic d1scs to Whlch the computer has

lf}"

selectsve access to any part with an access t1me of 1ess than one second A :

STV EANS SO

-course 1s presented to stedents raa an IBM 1050 commun1cat1ons system whwch

i

1ncJudes a mod1f1ed IBM e]ectr1c typewr1ter, a random access s11de proaector,
and a tape recarde In‘ermat1en, questtens or prob1ems can be oresented to”
the student e1ther through typewrlter type-uut 11des or tape record1nqs.

In respond1n9 to a questlon or probIem, the student s1mp1y types h1s ancqer

’on the typewr1ter and re1ays 1t to *he centra1 computer oy pre sing a buttono

The computer “then eva1uates the response by compar1ng 1t w th pre-stored

36y

criter ia for correct answers and prov1des 1mmed1ate knowledge of resuits to

¢
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the student The student term1nals are 1ocated on the Penn State campus.’ Two

main computers are in current use. one located on the Penn State cempus and the
ther at Yorktown He1ghts, New ”ork Transm1sswon of 1nformation between the
student and the computer takes place over vo1ce-grade telephone 11nes by means

of teleprocessing.

ez

One example of a CAI tutor1al program

Before developing an instruct1onal program ‘based on the tutor1a1 teach1ng

mode'! it 15 ta'ir tO ask to what EX‘CEFIL (ID we wnu TS Lano uu: bﬂtél\lul‘ “mv'.l&tc

Can we identify the relevant chararter1st1cs of . such a teaching model’ Hhat

‘are ‘the most effective tutorial strategies? - The sad fact 1s that very ?1ttle

is known about the~pr0pert1es of‘effectxve ‘tutorial 1nstruct1on. Hhat 1itt1e
research accomplished on the’ comp1ex problem of effect1vewnnstruct1on has been
conducteu in classroom or-group settings. We:frankly ‘admit an’ eclectnc ap-
proach in our early course development ‘it CAI at Perin State." However, it is
our hope that through experimentation with a variety of strateg1es, different‘ !
subject matters, and different students, ‘we can evéntuarty jdentify ‘the’ most
apprOpr1ate ‘instructional strategy for a given ‘student-ina‘given subaeot |
matter. ~Our hypotheses with regard to effective tutorial 1nstruct1on 1nc1udes
some of the Foliowing general characteristics: '

1) The tutorial system miust be highly f!exlble in adapting to the ab111-'
t1es, ihterest, and: learnmg rate of the student. Lt

-2¥" The system must have the capability of evaluating student résponses

andjstoring~1nformation concerning: the nature of these’ responses for use in’

- making decisions concerning the sequence of instruction,

e VT e




3) The 1nstruct1ona1 system must be capable of prowdmg mmed1ate feed-
back to the student concermng the adequacy of h1s responses. B |
| 4) The system should utilize a mult1-med1a approach to mstructmn. .

5) The system should be capable of prov1d1ng students with the optwns
to determme the1r o:m course of 1nstruct10n. Students shou1d be requlred to
take some respon51b1hty in deciding how they are to p\roceed through the C
course, and when they have reached adequate levels of acmevement m the sub-
ject matter, The student: should not be a passive partlclpaut, subject to the”
whims of ,the computer program; but should take an active part m 1nstructwna'l

decls1 ons.

6) -The tnstructwhal system should be .capable of prswding ~variety, in the

form of variations in the medm of -cormunication, ‘var1at1ons in questions, -
proMems, and. the kinds :of .vesponses a student can make,. ;.- - e
‘Although -the above 1ist is not meant to be exhaustwe, it does ﬂlustrate =
some of the: eharactemstws e helieve to be mportant in.a good tutonal CAL .
- One of our expermental courses, which seems to mcerporate a number of |
the characteristics hypothesized to be ‘important in tutori al ins truttmn 1s ) |
Speech Patholag,, ‘and Audiology . developed by Professor Bruce M. ‘S1egentha|er
and Mr. Jeffrey Katzer. T % 4,«; part of this course. prowdes mstructmn on
the anatomy of the ear, A flow. chart 111ustrat1ng the mstruct1ona1 strategy
of - the course is shown in Figure 1, Those of you who are mterested 'm a .
‘ ‘1-3veudemonstrationgqf;.tms._.,ca-grsL shou}d note that on-hne demonstcatwns are
being given here in-Chicago.at -the Pirka(‘ongress Hotel through nogn. Saturday,

~ M -~
A

February 19.
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Accompanying the flow chart is a key which explzins the various sequend
tial steps in the coursef(see Figure 1), The course consists of.three in-
structional blocks on the outer, middle, and inner ear, and one testfb]ock.
The course sequence is almost identical.in each of the instructional bldcks.
The student signs or at the terminal by typing the word "start" (box 1) and
then progresses to boxes 2 and 3 representing an 1ntroductmon to the course
and an overview of the material on.the outer'ear. PO]]OHIRQ the overVIeW,
the student comes €0 box 4 represent1ng the first option of the program and |
;he 1s asked, "Do you want to.-skip the outer'ear?“ If the student answers ,
"yes* he is moved directly to box 10 ropresentlng the first step of the m1dd1e
ear subprogram. If the student\chooses to complete instruction on the outgr :
~ear at this tvme, he. types “r““ and goes to box 5, the instructioo on the
outer earo A samp1ﬁ of the d1a]ogue between a student and the computer for
'the outer ear subprogram is shown in. the main body of th1s report on page |
Upon completion of instruction on the outer ear, the student encounters ,
another- dec1s on in box 6.. This time, however- the GECISIOD is not a student
optien, but a decision of the programmer to examine the studsnt‘s performance
on the material just comp1eted 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 -errors, he is. branched to. remed1a1 mater1al represented by box,

7.Jf%eﬂ“mtm@fﬂwt%mﬁpwcmtﬂmmﬁnmewmrcnwm
| gram he is-sent,to box 8 where he is given the option to.cover the material

~on-the outer ear a second iime. Box 9 is .a decision box.required byﬂthe__r(

program tofde;érmine‘whether»the student has already been tested on:the )

materiaT covered‘1n the outer ear program;' -




The -sequential decision strategy is essentialiy the same for the middle

and inner ear blocks uith one interesting new twist, Before the student is -
.given"the‘optim o skip the middle ear block in box 13, the progras checks .
his performance on ‘the prevmus block again in:box: J1. If the student's pers:
formance was not up to par (fewer than. 33 per: cent rrrors; he is not .g'iven .
~ the option to skip the -second major block. of. mstructjon,, but he is. sent .
. divectly tahex 14 Mprmmfma mstruchon on the middle ear. Tuua, by means .
‘of this strategy, a student is given the opticn to. skip material only when
h1s previous acmevement has met cu‘insfanctory standards. (

+Having. been sequenced- through the three mstmctw'tal blocks. thé studént‘
| now arrives m the test block at:box 26.. In box 26, the r.omputer chec..s its .
memory - to detenmne whehher the student ski pped the outer. ear block. -If the \
student sk1ppéd the cuter ear, he goes to. box 27 and is ‘tested on th° outer
ear, Box 28 determines: whether - his test perfomance Was, adequate. If 33 per
cent or wore of his responses are errors, he is: automatically. branched back...
to,box::‘:'; for mstructwn on the outer ear.. In such a case, it:is assumed
- that the"sfu’dent misjudged the extent ofa his knowledge in exercising his orig-
' ma’l option to skip the material on- the outer ear; however, the checks built . |
into the pregram .did not" allow him to slip through with 1nsuffi cient undem-
-lstand'ing:of‘ the material. A similar decision is made for each block of:if-
structicn skipped. ‘;rhes'studentf is tested on.the matemal he sk1pped.,, ‘When

his 'pér‘foman‘ce is’ inadequate, he is branch‘ed back -for the necessary in= ..

~* struction, - After ihe student has either received instruction or been: tested. .

on each ‘block of mateﬂal. he . arnves at ‘block -number 38 where he is per«

mItted to type any questnons he may have-about the course. These questions. -




can later be obtained by the instructor when ke requests Stndeht Records for

his course.

Obviously there are many diffevent instructional strategies an instructor |
could have used in programming this material. Af¥though we consider’flexibility
in 1nstruct10nal strategies an advantage of CAI, the researcher interested
in discovering optimal strategies for different sub;ect matters and-dxfferent

stugsints is oovivusly Teced with & &
to develop through our research program a set of experimental programs wh1ch
111ustrate optimal instructionalfstrategies for different subject matters. and

for student groups varying in ability, 1nterest. and past achievement,

Problems fbr Research in COmputer-A551sted Instract1on

I w:l] ment1on br1ef1y two research areas wh1ch we regard as h1gh pr1ority
areas for research on CAI. F1rst we are concerned thh the effects of computer-
assisted 1 struct1on on studenf mot1vat1on over 1ong perlods of t1me Pre11m-
,1nary groups of students have reported h1gh 1evels of mot1vat1on and 1nterest
however, jt is not surprising that a new and novel 1nstruct1ona1 too1 produces‘
such pos1t1ve react1ons. How W111 students react after the nove]ty wears aff?

Related to the quest1on of student mot1vat1on 1s the often reported obn
servutron of researchers work1ng WIth CAI that students w111 wort at the ter-
minal for very long perlods of t1me w1thout 1nterrupt1on._ Other 1nvest1gators

have rererred to th1s apparent phenomenon as the "p1n-ba11 mach1ne“ effec

\we are presently conduct1ng an 1nvest1gat1on to determ1ne the extent of th1s

effect on student attent1on to the 1earn1ng task and on student achievement




3% 0,

. Another svestion which may be considered under the general heading of |
student motivation concerns the ways in which simulated tutorial CAI differs
from "15ve” teacher/pupil tutorial instruction. What educational npjectives

can opr. cannot be achieved by means of cnmputer-assisted(instructionz One

study -is. planned to,cqmparehthe motivating effects of feedback administered
sulely byfthe:computer, with feedback administered by the‘student's oWn "ff .

~ieacier in fawe-io-fdce. interaction. Freijminary evidence suggests thai the

effects of the teacher's presence may depend on other student personality ;

vaniables,. Some students report that they Tike the relative isoiation,uf,‘lt

working at the impersonal terminal, while others say thatgthey,mtss oppdutu-ﬁ.f

nities for. interaction w1th an instructor.

A second maJor area of reaearch has to do wlth the prob1em of adapttng

.,Jnstruct1on to 1nd1V1dual dlfferences in 1earners. Is 1t poss1b1e to brwng
wa greater numbei of students to a sat1sfactcru 1eve1 or acn1evtment by P

prov1d1ng the h1ghly 1ndiv1dua112ed 1nstruct1on wh1ch is p0551b1e w1th CAI?

One of our progects atsPenn State 1nvolves exper1mentat1on ‘with PAI in teeh-

n1cal tra1n1ng programs Thls student populataon typ1ca11y tends to score

. omewhat 1ower in uerbal apt1tude than the average col]ege student In

sp1te of w1de var1at1ons ln the verba1 ab111tles of d1fferent student groups,
our trad1t1ona1 methods of 1nstruct1on st11! reiy neav1?y on ‘verbal or written
communlcatlon. The typ1ca1 co?lege 1nstructor has h1gh verbaT flueney in h1s
area of spec1a11zat1on, and may often make the eicor of assumlng that his

students can understand h1s communwcatzons “We propose to deve]op course

samples fbr CAI wh1ch attempt to minimize ‘the 1anguage 1oad for students of

low verbal ability. Such a course might rely heavily on slides and tape |

o T s

—
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recorded communication, An attempt would be made in preparing the instruct-

- ional frames to avoid long, complex constructions, an¢ high word difficulty
- . levels. One of the most challenging problems in CAI is the design of in-

| structional programs which adjust instriction to an entire profile of student
aptitudes}“;ine’medium of tnstruction'shpuld'be'se1ected so as to avoid a

- ‘learner's weaknesses and capitalize on his strengths,

Eq Appllca tions of Computer-A553sted Instructlon at the Col]ege Leve1

. Although ‘opinions of researchers 1n ‘the area d1ffer cons1derab1y as to |
,the role wh1ch CAI shou1d take in the overal] educat1ona1 process, the general
_consensus at the Penn State Laboratory 1s thAt CAI nnght euentually be used as
a supplement to reguiar classroom 1nstruct1on. In part1cu1ar we be11eve that
CAI w111 f1nd 1ts most useful early applications in prov1d1ng spec1a] forms of
1nstruct1on to special subgroups of students. For example, college students
)on academic probation might be g1ven supp]ementary remedial instruction via CAI
c, 1n add1t1cn to their regular in-class instruction. In a s~m11ar manner
supplementary enrichment programs might be developed for the h1gh1v able
u;~student who is frequently fprced to mark time in the traditional classroom
i setting. We are current1y conducting an investigation of the ach1evement of
fdur such groups of college students in CAI. Two groups of students currantly
on academlc probation at Penn State but which differ in level of aptitude, one

group scorzng high and the other low on the Scholastic Aptitude Test have been

10cated, Two other groups current]y on the Dean's list for outstand1ng aca-
demtc ach1evement, but differing in items of h1gn and Tow apt1tude have also

~ been located The hope is that we can lessen the gap in the achievement of
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these groups by the systematic individualized instruction provided by ml.~
It is alse corceivable that CAI wil} find uséfu1 applicétioue in den:4~%
veloping skills for high school drop-duts, retra1n1ng the unemp:nyed e
providing suppisventary remedial instraction Tn'ﬂas1c skills -for the culturaliy‘
deprived, and in providing in-service train1ng forlvar1ous proféssionai ‘ ‘.
groups such as teachers, nurses, engineers,. etc. | L | 1
As you can see, those of us working in thzs araa believe that the computer‘
has gredt patentwa] for accomp11sh1ng‘a var.e y of educatiunai ougect1ves.
In +-2 long wun. the extent to.wh1ch thlS pvcewuiul is rea]ized will depend
on the 1ngenu1ty oF the 1nstruct1onal programmer. and the ab111ty of th° re~

searcher to provide answers to complex quest1ons concern1ng the Syutem?tic\

P . ‘ - i ' TN . "
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desigﬁ of 1nstructlon

PRt . - o : R T
- 4 ‘* ’»v. N g “- ot . . P Yk '




o \in '!mproved reten%:*on wou’ld seem tenable.

s e~ ——— © e e e — - JRSSER—— e e

357

or whether there are properties unique to. cooponer-assisted 'ins'i:fuction which
fecili*ete retention. For example, some writers have telked about uhat they

.call the pin-ball machine” effect in computer—-assisted snstruction, This

phenomenon refers 0. the apharent t,.nder.cy of computer-as"isted instmction to

facﬂitate high levels of attention to the instructional materia‘s for long

'«ﬁeriods of time. These ‘ffects may be due to tha novelty of the metructwonal

hod and may- weaw off after some time. However, the mgh attentmn to the

B task. may be longlasting resu]ting from certain propertzes oF tutorial interachon
| :whirn stoeents £ind highly. reinforcmg. Unfortunately, the tutonai process |
- ,-~has not been extenswely studzed in educationai Jresearch, however, the hypothes1s '

| ,that tuiorial mteraction facﬂitetes attention and s»udent motiva‘t-ion resulting

+

N An al ternative bypothesis is. that the rate of forgett.ing depends almost

‘enﬂrely on limits in the wfomation storage capacities of the learner. and not

| o 1 ¢ any great extent on the nature of mstmctional sinmmus or its mode of

presentntion. ‘i:hus, one mght predict that raismg tne mnount learned in the

second treatment group of Figure 4 by providmg addwtiona! mstructional time

| \mu}d 1noreose¢ the rate .of forgetting so that tne perfo"mance curve wouﬂd become

more hke that of -group one. - The old maxim "The more you have 1eemed, the more

lyou can forget"‘ ney operate here.; However, most expenmental researcn suggesns |
o that phenomena such- as. rate of fovgetting and transfer depend on fartors both
o | 1n the ‘x‘eamer s storage capac.;ov and in the 1 arning task. Questwns such as
this can cnly be answered through research. _ The mvesngation of 1nstrucﬁona1 "
“methods \nhic.h may. produce decreases in the rate of forgett‘ng, 1n addi*ien tn |
C 'producu\gvinc reases 4in tie overall level of performance, shomd be given mucn more |

. , ottenti‘on' by educational research workers.
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Some procedures for controll1ng the amount learned
: in the study of retention. - ' )

direct exoerimentat control of the amounc Tearned A number of prucedores

may be appropriate to control the effects of the zmount learned while examining
retention effects. Urdarwood ’1964) has suggested a twoastage experimental

< procedure in which treatment groups are brought to the same 3eve1 of iea nlng

| and then tested for retentaou after some time 1nterva1 A1though this orotedure

.4..:1

&) B seems feasible in exper1ments using Iaboratory tasks, it is often 1wpossoble to

o m e

¥47: nring s*udents to 2 common rriterion performance on complex educational” tasks,

Furthermore, br1ngrng subgects to a common ,riterlon means “allowing some students

sgerr

o et AL L i Tt 52

| more triais or more tsne at the task, thus, confuundlng the effects of *he t*eat- o
- ment with tdme spent at the task r“i‘"fe:;._ g ;,:, i e ok PR

SRR
- ‘ ' ’bﬁ

Repeated measures analxsis. The analysis of retentIDn data can be. viewed

A

g . as a problem of eomparing the rates of forgettﬁng curves. A\repeated measuree'

anaiysis provwdes evidenoe concerning the GVeraX} effects of the e>wer1mental
treatments. and in addttson, provides tests fer the dmfferences in,slopes of the

N forgettlng ourves obtarnod from the successave posttest measures. Excel!ent
//‘. - . -5‘,1
descr1pttors of repeated measures des1gns have been glten elsewhere (H1ner. ‘

1962, Grant, 1965) n1y a brlef destrrptton of theé apotrcattou of the design

-t

e EoF

:f;f o anﬂ ena1vsis to the studv of‘retention effeet wa‘l be gtren here.ui.;f'*~

'gt :ﬁ, ‘_” Q‘ The ,upeated measures design which seemr ‘most gpproprrate for tne study

of dtfferent.a1 rates of forgettlno is a .wo-way factorial des1gn thh repeated

P

measures on one erperxmentat Factor (see Figure 5), Factor A would constst of

o or-mere experimentai treatmeot vomparisons., Factor B, tha rrpeetee measnres R
1actor, would eoo51st of two or‘more ‘measures of reiention over tzme. A o

' stetisticeily eionifrcant o»era1‘ main effect fuv ractor,A.would 1ndicate that one

AT « - * B
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3 inctructional treatment was generally superior to another. .. statistically '
significant A X B treatment by retention measures interaction ‘nould indicate
that the slopes of the retention curves in the treatment groups differed. In
additﬂon. when the uumber of retention measures is greater than two, a trend

Nanalysia can be perfbrmed to determine the shap2 of tk. fbrgetting curves.
"Grant (1956) has provaded an excellent discussion of the applicat1on of trend

analysis in learning experiments involving repeated measurements.

The repeated measures design used for stud1es of retentaonumay'or~may
not.include a pretest measure of the students' knowledge of the subJect,matter

to be taught pr1or to experimental instruction. The decision to use & pretest

- will depend on the extent to which the subjects are famn11ar‘w1th the experl-

"mental learnnng material. Winer(1962) descrbes a repeated measures ana]ysis

of covariance-des1gn ‘which wot'ld be appropriate for a study in whsch a pretest/'
was - admﬁnistered in addition to repeated measures on one or'mere experimenta]

"factorss In this way 1t would be poss1b1e to control the relationship between

1§prior knuwledge. the degree of’iearn1ng, and’ the rate of fOrgetting. ‘ﬂ“
An assumption underlying the use of the repeated measures ana?y51s of |
variance {s that of homogeneaty of variance and covar1ance arress al Tevels of
the reiea?ed measure. Succe5s1ve measures of performance over t1me freqwenxly

‘-produce a var1ance-covariance matrix of the s1mp1ex pattern in wnich the

{‘ | ’var1ance decreeses in magnitude from the 1n1r1a1 tu fsnal measurements, and in
715( N ‘mhrch tre covariance of adjacent measures is higher. than the covaraance of.
ggi SR measures eide?y separated in time. Where such a variance~covar1ance matrax is
;’%—gl H“’ abserved, or rer aey case of heterogeneity of varrance-covarlance, Cole and -

¥ - Grizzie (195r) have\deveIGPEd an aperepr1ate multi\ariate analysis of var1ance -

for repeated measurements wﬁieh éoes not depend on the usua1 assumpt1ons. .
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The analysis provides tests for ail the main effects, interaptions,,and trend
compoaents. providod in the usual repeated measurements procedure.; |
- Change sceres. The problem of studying retentlon of forgetting effECtS

in educational experinents is a special case of the more general prnblem of

| measurlng behavior change.. An 1nvestlgator 1nterested 1n rft”nt1on is cnncerned

with: the dtfférential "loss“ of subject matter competency which can be attrlbut-

avle to d1fferent experlmental treatments.,. In recog9121ng.the need to control

the amount learned by. treatment groups.,, some. 1nvest19ators have resorted to

‘,M.

'smmple difference scores {e. g., posttest 1 minus posttest 2) to measure oss

ever t1me.. However, simple difference scores psesent many dlff1cu1t1es and :
generally: da ot pravide -an .adequate measure of changa. The dlsadvantages of
51mple difference scores. have been thoroughly dlscussed eTsenhere (Bere1ter, ]963,

,,,,,,

Thorndwke, 1965).f In. general. simple difference scores are h1gh1y suscept1b1e

:, to artifacts .due to rogresszon effects, tend to be much iess rel1ab1e than :%{'
\iinftwal or finas status scores! and are likely to, he hagh1y affected by Iess than

ideal metr1c properties stch as the lack of an equal 1ute 1 sca1e., In v1aw nf
these djfficuities, and in the. iaght of more recent. deve]opmemts in the mpasure-

' ment-of. change .{Mayo.and. DuBois, 19@3, Lord, 1963), sxmple dlfference scares

would not. be- recommendad as.a.measure. of retent1on or loss due to fbrgetting.

Newer deve*gpments 1n,the measurerent of change.s e to offer prom1se as

measures. of gain or. Toss. due to. learning or forgett1ng. May and Du801s (1963)

recommend the use of residual. scores in the stuqy of change. The use of res1dua‘l~ :
,\scores helps solve one of .the probisms assoc1¢ted'w1th s1mp1e d1fference scores. |

| Simple d1fferance scares Jave, been feund to correIate negat1ve1y with 1n1t1a1

status scores in a number of invsst}gatxons. As Lord (1963) points dut, this

\ negative re1ationship is samgtimes due to a_real relatnonsh1p between gain and

oo g kY . Bl bt 5 gt et g
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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 study |
of retention wiere one wants to reiate the degree of loss to'ah experimental
treatment with the amount learned during the treatment period held constant;l
Mayo and DuBois (1963) recommend the use of res:dual posttest scoree ebtafhed
by- partialing out the effects of initial status. Tre ﬁrocedure is equxvaaert to o
a part—correlation in which residual posttest scores are correlated with other

~ variables of interest. When a residual gain.score serves as the. dependent
variab]e in a comparison of.experimental treatments the procedure is equvvalent

('. ,,to an analys1s of covariance. Some sllght var1at10ns 1n the two procederes
ymlght occur as a resuIt of using different regressions for obtain1ng the res dua1
scores. The use of aealysis of covar*ance or resmdual scores to‘measure loss |

«fover time seem to have application in studies of retention,. However, there are |
some cautions in the use. of these procedures to be dlscussed below under the

. sect1on on' analysis of covariance. - . \ L
Ihe analysis of covarrance.;One of the most W1dely used analyses 1n !

s»ad es of euenge in educational experiments has been the ana]ys1s of covariance;"
Surpr1s1ngly,,however, the ana1ysas of covariance has not been w1de1y used in
Studles of retent1on over time. As ment1oned above, she ana]ys1s of cov:u"uam("A
app11ed ina study of change is almost 1dent1ca1 to thP use of res:dua? gain
scores. In the retent1en exper1ment, the . ana1ys1s of covariance provides a fv'
_method for control1ing the amount learned vtat1st1ca11y | -

) o

The.app11cataon of the ana1y51s of covariance to the study of retentnon
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involves the use of the imme&iate posttest measurs as the covariate and the
delayed posttest as a dependent variable. A test for significance of differences
on the delayed test with differences on the immediate test held constant can be
| cbtained. This applica*1on of the ana]ys s of covariance differs from the usuael
iapplicatien in that the cover1ate is admtnlstered_after theﬂexperimental treat-
| ment and may be affected by the treatment, In the'usuel analysis.af edvar*aﬁce

. the covariate is admintstered prior to exper1menta1 treatment. The app11cat10n

of the. analysis of. cova:iance in_experiments in which the covar:ate 1s affected

1by the experimenta! treauuent haS been dlscussed in paners by Gouriay (1953),

,Jcochran (1957), and Smith (1957).-
| | The writer has-been able to find only a few. ex@mples cf thls use of‘the
| Qanalysis of covariaace in the literature. In an experlment by Prokasy. Grant,
and Hyers (1958), a. two-way class1f1cat1on desxgn Was employed to test the
~}effects of uncond1t1oned stimulus: (USC) intensity and 1ntertria1 1nterval on f
'_ ,the~extent of eyel1d cond1tnen1ng. Three measures of eyelid. cgnd1taon1ng were
; 1obta1ned fbr acqu151tion on day 1, fbr acquisition on day 2. and for extlnctlon.

In the analvsis of covariance, day. 1 acquisi tmn scores were uset* as the

o covariate for test1ng the day 2 measures, and the day 1 and 2 comb1ned acquls1t1on

- scores were used‘as the covariate for test1ng the extinction scores.: OnIy the

\\.'_effeCts due to UsL 1ntens1ty held up 1n the covaruance analys:s. The 1ntertria]

interva1 a:d Interactlon effects were nonsxgnmf'cant %6110u1ng the analysis of

- %covarxance adaustment«lndlcat1ng that the effectt of 1ntertra11 1nterva1 eppeer
| to be cencenfrated euring the ear1y ecqu1sitlon tr1ais. fei'f' ’ o
In avdoctoral dissertataon recent1y compieted at Petin State. Duyer~(1965)
cempared the effects. en studemt learning of severa] variet1es of visual i11ust-

- ratiens as a supplement to verbal %nstruc ion,  The treatments consisted of

o 0 TP 'g&fsﬁm‘ywu A »us"\'
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a single factor, pre-pcsttest design, with a second posttest administered as a !

varying in their degree of reallstlc detail, The research design employed was

ten-day retention test., The inmediate retention test data were analyzed by )

means of the analysis of covariance with the pretest as the covariate., This
| cnalysis supported. the conclusion that simpler line drawings and stick f1gures |
| produced achievement superior to that of slides containing more real1stfc details.
"V‘Table 1 shows the analysis of the delayed reteation fest data. The left-hand part
| .of the tabie shows the simple analysis of variance with the delayed retent1on
measure as the dependent variable. The r1uht-hand part of the table shuws an
| analysis of covariance on the delayed retentlon measure thr the 1mmediate |
retention measure serving as the covariate. A multiple analys1s of covar1ance
“ using both the pretest and the 1mmed1ate retention measures as covariates could

also have been used here. The results show 2 st2 ~stica!ly gigni f. nt F—r e

l
T S

l )for the analy31s of varlance dropplng to nons1gn1ficance in the analysis of

‘covariance uhich adausts for group differences in the amount learned as measured

. C e
NS ed S

~by the- imediate posttest, Table 2.shows the ad.]llSl:ed means. on the nmedvate and f

" delayed retention measures, and the unadjusted delayed retent1on test means_ for

the four treatment groups.. The simnlarlty of the delayed posttest means when o }

adjusted for the effects of the creatments on ach1evement measured 1mmed1ately o g

-

Tollowing. 1nstructnon, 1ndicates that the treatments. dld not appear to d1fferen- o

\/t1ally, efféct the degree of los3 due to forgetting. oy ‘ | | |
AJthough the analysrs of covariance provides a method for controll:ng

statistically’tre amount learned in studies of retention, the procedure 1s not
free from ambiguity of interpretation. For example, Lord (1965) described a

| paradox in which ‘the use. of observed gains and r951dual gains resulted in ,hw.

h contradictony conclusions concern1ng the comparative gruuth of two groups on
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some variab1e. ‘This paradox results when the groups to be compared differ on the

initial status measure. The analysis of covariance or residual score method

\antlcipates regress1on towards the mean on the second testing. If such movement
towards the mean does not occur (e. g., if the groups show identncal observed
| changes from the fnrst to second testings), the adausted.mean deierence on the
‘:f‘second measure fol1OW1ng analysis of covarsanee~W111 show a superzor*ty of
'Agann for the 1n1t1a11y high group. The 1n1t1a11y high group is said to have'
*i:(: . shonn more gronth than enpected in the face of the tendency of the mean of that
| group to decrease due to regress1on, while the initially -low group showed less

, than the expected amcunt of growth. . Thus, while the observed change scores

would indtcate that the groups did not differ in thé'anount of change. the
] _ana1y51s of covar1ance would support the conclusion that the in1t1ally h1gh '
‘*_‘QFOHP exhibxted,more gain than ‘the 1nztna11y Tow group. ‘ L

| Mu1t1var1ate analx_js. The analysis of covariance procedure described

- abene is closely re1ated to a number of recently developed analytxcal methods o

'*“destgned'for fhe anaJySrs of exper1ments involving several correlated dependent

,ei O variables. The - problem of correlated learning and retentnon measuras is a
| \specxa] case of‘the more’ general problem of correlated dependent variables. -
;pi o Corre%ate dependen+ variables may also arise from the use of measures such as
fd readzng ach1evement, arithmetic achxevement” related ach1evement or aptatnde
: subtests, and,related personality measures in the same exper\men . Mhat
z ) 1nvestigator has not 1ntuitively recognized the redundancy and ambiguity
?F} ‘,;\1nvolvea in computing-ten or twenty “separate analyses of variance on as many
) €~ L dependent var1ab1es which correiate with one enother of the order .EO? Some
,investTgators. 1n recognizing the probiem of eorreiated dependent var1ab1es, '

5have resorted to factor amalysis to reduce the nuiber and vedundancy of the
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:: '0 " yariables prior to testing hypotheses concerndng the effects of experimotal

‘ treatments.  Recent developments in maltivariate methods represent a. further
advance in the amalysis-of correlated dependent variables (Bock° 1963; Roy, 1958-
Cojé and Grizzle, 1965). In addition, practicai aoplicabality of’these.methods

. “has been great1y‘enhanCed by the development of computer programs to carry out.

% the analyses. - | R ' ;.

One multivariate techn1que seems particularly approprvate to the analysis
of tho effects of experimental treatments on retention measures with the amount
Vlearned held: constant. ‘Roy: (1958) has devetoped a stepedown.mmltivariate

 analysis “(also described by Bock, 1963) for use W1th a series of correlated
"thependent“variab1es Which ¢an be arranged in order on a pgjggg_grounds. The -
7 L togieal srderig ‘of variabTes in a study of 1earn1ng and.retent1onsmould seem 0

\folloW”thé*order~inrwh1ch ‘the measures were obtained following expernmontal

;~§E,' o ftreatmént:~‘Ro9*deséribesfthe,methods'aswfo110ws' “ o
'%-i “The' hypothesis concerning the multivariate drstr1bution is . oo
then decomposed into a number of hypotheses--the first hypothes1s

' concerning ‘the mardinal: ‘upivariate. djstrwbutxon of the first -~ - - 7
, .. variate, the second hypothesis concerning the conditional un1variate |
1 .- “‘distribution of the second variate given the first variate; 't I
E ~ third hypothesis concerning the conditional univariate dtstributlon

T of 'the- third variablegliven the- first .two variates, and S0 0Ny

(Roy. 1958, p. 1177)
_,_F_Aophed in an experiment in vchich a number of successive retent'ion measu es'e-"e s
)obtafned. the step-down analys1s should provide an ana]ysis very swmilar to that
used in the Prokasy. Grant, and Myers experiment described above. The first test'
Vconcerns the effects of the exoerimental treatment on *he immediate posttest
(or measure of the amount zearned), the second test concerns the effects of the
treatment on the fhrst d&r&YGd retention measure, with the effects of the N

1mmed1ate posttest partaaled out' tne tn1ru eé ¢o 1ce ne t e {*ects of the

- t
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treatment on t"e. second delayed retention measure with the combined effeets of the |

immediate posttest and the first delayed retention test partialed ont, etc.

- The statistical significance of the second and third tests, and any successwe

tests, would 1ndn:ate that the exper*cmenta] treatmenis had di f'rerenn a1 effects

on 'long term retention which were 1ndependent of the amount learned A computer

) program has been developed for this analys1s at the stchometnc Laboratory of the
. Umversxty of North. Carolma (see Book, 1963) R
Separate Group_ s Design U S w

- One ’of the difficulties with the successive posttes* desion d1scussed :

thus- far is- that the act of taking a pretest, or successwe posttests may

effect to’ some. extent, a subaect‘s recall of the subaeot matrer. 5 Underwood (1957) :

...... :n. ke A 1azmni
-na abdead nnu 3 ysrbalplgarn!gg

,.cuic .

experiments employing vepeated measures demgns results from the proactwe

mterference of prewously 1earned matenri a‘ls. . If the effects of retestmg were
constar acrass groups the treatment comoan sons would not be confounded.
however. t.he absolute amount of forgettﬂg m each group wou1d not be free

from the effec‘ n? repeated *estmg. If the effects of testing interacted with

the treatment effect, the retention comparison wou‘ld be oonfounded nith th1s

' \‘ \, S
A . N - .’&/\/

interaction. V .
One de51gn wm cii %‘ been used m studies of comnumcation and persuaswn

(Hovland. Jams, and Keﬂey, 1953) and has ‘been d1scussed by Campbe'n and
\S\.an‘ley (1963), avmds the use of repéated posttests. Th1s design employs )
: separate randonnzed groups in a two-way factori al setoup in wlnch ooe factor

‘ consists of the expenmentﬂ treatm"nts, and the other consists of a different

time h\.-l ay m the adntm strah on of the posttest. 7 A reatment by time-de’!ay

‘interactxon indi cates the presence of d1 fferent1 a1 1ong-tem rei:entton effects.

- Y g shor A nippiisengi \demas s duhisoutith T A ™ > »
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One recent aeplﬁcatién bf this design can be fbund in,a study by Niiliams and
Levy (1954). Cambbei1 and Stanley (1963) point out that, aithough this design
is camparatsvely sound, lt suffers from the potentia1 invalidity of effects
dus. to

. int

£

araction ba en the treatm@nt and,the events qccurfing dur?ng the
retentton 1nterval. - ;;A:fxf,; . ;‘g';g~;; ST

Some prohlems associated thh exlst1ng methodq for the study of retent1on

Tb sone. extent, each of the. methods fbr studying reteation discussed

. above. suffer two major. shortcomings .common to much experlmentat1on in psychology

and eaucation. the lack of equal. 1nterva1 sca]es fnr measuring, ]earn1ng and
retention, and the effects of measyrement error in the dependent. varlable.'
Measures of change such.as those. involved pn“studxes,gfn,vtentlon cver time are

-s’ - wmmande D mseT wenM s - o~ -~
15 10 bE var§l9u1m Jf,.;h:pqp ivie. to. the effects, of ';

" 1ntervals. Thorndwke (1965) has shown that. results w1th d1fforence scores are
'likeiy to be partlcularly distorted by inequal1ty of scale, increments of the y

 '31n1tja1 and final status. measures... Unequal scale un1ts are 1ike]y to prnduce

varfations in difference scores. (or in fprgett1n9 “curves" based on two posttest

;measures) which are not. attrlbutable to Ereatment effects but to art1facts ‘

of the scales, The possib1]1ty of such, effects argues for the use of severaT

successivexposttes»JMaasures«to.estab11sh mgre‘relzablgﬂtgeng§u1n thequrggttlng

. - . R . N ' i N .
AR N M . v e v
t - ST S, L ST o PR . P SO L N
. curves. T PN TEIN VT R o IR DU o R S &
N . e Al %

-

. Gh1se!11 (1964) argues that. variations in the equality of scale units

| are-pronably dﬁstrzbutedxat random~throughout the range of the scale in the

case of most achuevement tests,. If this was the case, it would be hxghly
1mprobab1e that. random dtfferences in the eguality of 1nterva]s w0u1d bermistaken

for true. dlfferences in .forgetting. . However, where,ce111ng and f’oor effects

.,eh.st,~the nqua!#ty of intervals .is. not randam?y distrlbuted througbout the
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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 behavior change are typically much less veliable than sirjle
status scores. Lord (1963) has developed a technique for estimating true

/o change for individuals given 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 constant. Al-
though Lord's procedure is probably not generalizable to the problem of group
compzrisons, it would be highly desirable to have an est1mate of the proport1on
of error variance attributable to measurement error for the dependent var1able in
the typical analysis of variance design. The within variance of an analysis of

variance design has traditionally been said to consist of two scources of errors;

experimental error and measurement error. An appropriate analytical method shculd
include a procedure for reducing the within groups variance by an amcunt attrib-
utable to errovs or measurement, The remaining variance would constitute exper-
imental error variance. Such a procedure wéuld provide far mere precise tests

of hypotheses concerning the effects of experimental treatments on measursd

change. The analysis would provide an estimation of what the résults of an

expefiment would have been had the measures of the dependent variable (e.g.,
change) been perfectly reliable. If an estimate of the reliability of a des.
pendenf variable measure is available in an experiment, there seems to be no

Togical 1 .ason for 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 experlmentatlon on the determinants of behay1or change is tha development of
antanalys1s which takes into arcount the presence of errors of‘measurement and

removes this component of variance from the estnmate of experxmentaI error¢

‘;f? ’ The perpose of the.present)paper;wasetofbeiet out eertain_diffeeﬁltieé“in

?%;‘ the inte. pretation of retention data in educational experiments, and to seggest

é? ] several established experimental designs which seem appropriate for the stugy of

f?} retention effects. The esseatial problem in the study of the effects of exﬁeri-

"fa. mental treatments on retenticn over time is that such effects are likely to be

i?% confounded with the effects of the treatments on the degree of learning. This 3?
confounding resu]te from the fact that measures of learning or immediate reten- .
tion, and measures of delayed retention are usually highly pesitively correlated.

Several research designs are consideved seme of which provide tesis for differ- fj

l ences in rate of forgetting, and others whi ch provide tests for differences on
| delayed retention measures with imnmediate retention measures heid constant. A S

focus in educational research on variables on instruction which facilitate

long-term effects such as retention and transfer is advocated. &
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Footnotes

1This research was conducted as part of a larger prdject funded by the ¥.S.
Office of Education, under the Vocational Education Act of 1963, Contract No.

OF 5-85-074. The author would like to thank Harold E, Mitzel, William Rabinowitz,

and Lee Dronbach who offered heipful suggestions on a. earlier draft of the

‘ paper,’ | | o S o

2Foi' an excellznt discussion of this problem in the context of experiments on
verba] learning see Underwood, B. J., Degree of learning and the measursment of
forgetting, Journal of Verbal Learning and Verbal Behavior, 3: 112-129; Aprii,
1964. .
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Figure 1.- ITlustration of a design frequently used to study the eftects
~ of experimental treatments on retention.
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Figure 5

¥

Repeated Measures Design for the
Study of Differential
Retention Effects

Factor B (Retention Measure)

Ry Rp=-=====-R,
| Treztment, - Groupy Group,<-----Group,
Factor | | . .
LE Treatment, Group, Groupy---==-Group,

TreatmentI< GroupK i f‘deupK------GroupK
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Table 2
Adjusted and Unadjusted Treatment Means on the Immediate
and Delayed Retention Tests*
Mean Mean Mean
Immediate Delayed Delayed
Retention Retention -Retention
Score - Score Score
Treatment n (Adiusted) {Unadijusted) (Adjusted)
Oral
Presentation
(Group_I) 20 41,00 46,45 53.56
‘Linear
Presentation ‘
(Group II) 23 56.09 | 61.48 : 54,80
Drawing | .
Prozentation :
~ (Group 1II; 24 - 55.42 56,67 _ 50.60
~ Photographic |
. Presenteation o -
(Group Iy) 15 - 37.33 41.87 52,33

7*From Dwyer, F. M. dr. An experimental evaluation of the relative effective-
ness of selected visual illustrations in teaching science concepts to coliege
freshmen. Unpublished Docteral Dissertation, Pennsylvania State University,

1965.
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Appendix H.7

SOME PRELIMINARY RESULTS ON THE REACTIONS OF STUDENTS
TO COMPUTER-ASSISTED INSTRUCTION S

The purpose of the present paper is tnrey fold: to
describe briefly the characteristics of a computer-
asslsted instructional system (hereafter referredtoas
CAN In wperation at Pennsylvania State University, to
report preliminary evidence on the initial reactions of
a group of 47 students 1o CAI and to indicate several
questions for future research ralsed by these initial
student reactions.

Description of the CAI System

Faculty members are preparing four courses for
presentation to students via an IBM 1410 conputer:
modern mathematics, cost accounting, audiology, and
engineering economics, CTourses ure prepared by
means of an author language known as Coursewriter
developred by IBM computer scientists at the T. J.
Watson Research Center, Yorktown Heights, N.Y. The
Coursewriter language énables an author, with a min-
imum of special training, to include guestions, prob-
lems, assignments, correct answers, incorrect an-
swers, provisions for unanticipated answers, kiowl-
edge of zesulls, and brarches or alterations insequence
in his course, Ihadditior, an author can employ a fune-
tion ¢alled Student Records which will record and ac~
cumulate in storage all student errors and response
times, Additignal operations can callfor thepresenta-
tion of a siide or taped material at the student’s ter-
minal, ard for partial answer prccessing of student
answers. This laiter operation permits student an-
swers several words in length and instructs the com-
puter tc ignere trivial characters such as commas,
periods, spaces, differences in w~~d order, and mis-
spelling if desired. o

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 studeats 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 terminsl. In an-
swering a question or problem, the student zimply
twpes his answer at the terminal and relays it to the
central ccmputer, which in turn provides knowledge of
resulis (o the student. The teaching terminal islocated
on the Penn, State campus, while the maincomputer is
located at Yorktown Heights, N.Y, Transmission of in-
formation between the student and the c¢mputer takes
rlace cver long distance telephone lines by means of
teleprocessing,

Reactions of Stitdents‘ to CAI

Forty-seven studenia have completed some com-
puter-assisted instruction at Penn, State, Of these, 18
have worked in audiology, 21 in cost accuunting, 7 in
modern mathematics, ang 1 inengineering econuinics,
The results fall infothree general categories: (a) mean
student self-reports of reactions to CAI (b) selucted
correlations amonga number of studeat variables and
performance in CAl and (c) impressions as obtained

e v, A AN o e kA B 0 st Pl A b . SR,

KENNETH H. WODTKE, HAROLD E. MITZEL, and BOBBY B. BROWN

Pennsylvania State University

from guiding students through the courses and from
Informal interviews with students following their ex-
perience with CAL The results should be regarded as
tentative and suggestive of hypotheses for further study
under highly controlled conditions. The 47 studenis
were the first pilot group tot. ‘tthe CAI courses; they
are not a random sample of collsge students, nor were
they assigned at random to the fcur courses, Fre-
quently, the students were vsad to help f*debug’ the
courses, and problems were encountered by the student
which ‘would not ordinarily occur witk a finished
course, In addition, these early vesulis are primarily
of a correlational and descriptive nature, with theac-
companying difficultics of determining the naturs and
direction of causation, In spite of the above qualifioz-
tions, there appear to be some meaningful differences
among the scales of the student-resctioninventoryand

some clusters of intercorrelatious wnich ‘‘inake

sense” and support our subjective impressions.

Foliowing the first session of CAI each sfudent
completed a Student Reaction Inventory censistingofa
number of scales modeled after the Semantic Differan-
tial (Osgood et al,, 1957). The extremes of each scale
are defined by pairs of bipolar adjectivea:such as
good~bad, dull-interesiing, tense-reluxed, ctc, Thirty-
one students completed the reaction inveniory (the first
16 students were taugh: prior to the development of
this device). : S -

. A profile- of the mean raticgs on 12 attitude
scaies wag constructed for the toiai group, and sep=
arately for each course. An examination of the high
points on the profile of atudent attitudes towards CAl
indicates that students found the experience highly ia-
teresting, gocd, fair, valuakie, and active, andthatthe
students reported being abletogive the machine more
attention than a traditional glassroom lecture,

That students react favorably to a new and novel
instructional technigue such as CAl is reassuring but
not particularly surprising. The low points inthepzro-
file of student reactions may be of greater imgortance
in pu.ating the way to improvements in the instructional
system and toward new instructional strategies. The
three lowest points in the profile Indicated that the
students reported being relatively tense a5 oppogadto
relaxed, fiuding the program inflexible, and missing
opportunities for discussion, Fifty-four per cent of the
sample reported being **slightly tense” during the {irst
session of CAIL, We have no decisive data ai present io
indicate whether the reported tension had apositive or
negative effect on studen: achieyement and retention. It
appears that some students are simply highly motivated
to do well in the course, while others get fiustered by
the machinery, , i , \ :
_ The student self~reporta 3egm to agree with in=
formal observations of students working at thetermi~-
nal, Some students seem ‘‘machine shy® during the
first hour of instruction, and comments such as “P'm
afraid P11 do something wreng® or “Pm afraid 'll
break the machine’ are quite common, Siuder{s usually
sanort being more relaxed at the end of the fire! ses-

sion of i=struction, These observations have led us to

consider the need for lenger warm-ups or an introduc-
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tion to CAl which would prepare the student! for In-

struction,

The report of program inflez bility seems loLave
resulted frox the roquiremeonts 2. znearlier CAlsys-
tem which required 2 perfect corzeci-answer match.
Auswers which were easentially correct, but differed
in some trivial character (frequently unnctived by the
student, such as spaces, upshifts, and dowashifts, etc.)
were judged, incorrect by the machine. A computer
which will not ignore Leivial caaracters such a3 com-
mas, periods, spaces, etc. and correctly evaluate a
correct znswer 18 judged inflexikle by students. These
reports emphasize the need for pertial-answer proc-
easing in CAI systems, e
.. Students also rated the machinery as quite “fast.”
Thia reaction raises the question of the rapidity of
CAL CAlfrequently appears to qualify as an instarce
of massed practice. Although the syatem is ia theory
student paced, the fminediate presentation of the next
gquestion following a correct answer paces the student,
A stugdy !a presently undezway Lo investigate the effecls
of stu’ent-coutrolled pauses in the presentation of the
course, Unfilled delays mightprovide time for students
to process information and to rehearse their re-
sponses, and might be eapecially valuahble following the

u v

. correction of an error..

Coryelations among Selecied Student.
Variables, Reactions to CAL, ard . . .
CAl-Performance Variables - . . P

" A missing-iata correlational analysis of a matrix
of variables including studenterrors, rate of perform-
anca, SAT scores, cumulativé grade-point average,
Bernreuter porsosslity scales administered to all
entering fresiimen ai Penn, State, student Peactionsto
CAJ, ete,, was computed, The analysis wasperformed
forrthe tofs!l- group,-and separately for students in
auticlogy and-cost accounting. Keepingin mind the dif-
ficuliies "of a posteriori ‘‘data snooping,” the writers
examined the matrix in an attemyst to fing nonchance,
meaningful clusters of correlation - coefficients. The
vesults reported below are those which inthe writers®
judginent ssered to tie together: S
*_ Althouph there are probably few individuals work-
ing in CAIwho question the educational advantages of
Qarﬁal-a'ﬁ'awer’—pr‘oeessipg; some -of the present re-
sults make quité clear the problem of the honmatched
correct answer from the student’s viewpoint. (The
presect data were obtatned prios to the availability of

wao- %

partisl-snswer procgssing.) In acoring the student’s
recors for errors, i was necessary todistinguistibic=-
tweer logitimite content errord and what were called
Gorrect answers entered inwrongfcemwhich were re-
garded as incorrect by the computer. The meanper
cent coatent ‘errors, based on the student’s totatuuin=
ber of responses for all coursss was 20%, while Uis
mean par cast correct answers entered inwrongform
. was 179, The correlutiods betweed the two types of
srrors wore positive and siguificant at less than the
,001 level for the totai griap and within each course.
This correlatior: reflects the fact that the student types
in the correst answer ia wrong form, tries the same
ariswer once or twize more just for good measure, and
then discards his original correot answer for an incox -
rect responsa, thus, making a cohtznt error. Someper-
sigtent studunts mzy type in thef wriglpal correctan-
gwer' sgain and aguin, When nurnber of questions was
usel s ths basz-for computing the porcentage of er-
vors, several students excoeded 1907, An additional
prodiem %8 that these persistent students. may be the

S 3

" most self-sufficlant atudents, and the syztem iz aega-

tiveiw roinfercing self-sufticieni behaviors, Tha Bern-
reuter Stability and Self-Sufficiency acales correlatsd
siguific. ntly and positively with tis» percentags of cor-
rect answera cntered in wron form (43 and ,56, e~
spectively). The manua) for ths Bernreuter describos
the measure of self-sufficlency ag f{cliows: “Tersous
scoring bigh on thie acaleprefartobe Mone, rarely ask
for sympathy or encouragement, and tendtoignere the
adyice of others. Thoaq scoring low dislike solitude and
often seek advice aud encouragement,” =
Although the problem of correct answers inwrong
form car ‘v miniraized by specific instructions to stu-
dents at the beginning of a course or by inseriing ad-
ditional correct answers, semewreng-form errorsre-
sult from typing habitz and poor puncfuution, A cor-
relation of .25 (p=.05) between the number of lines of
program covered by a student per hour anda Punciua~
tion subtesi score on!2e Penn, State entrance examina-
tion was obtained. Furthermore, a negaiive ¢orrelation
of -.26 approaching significance between Purnctuation
scores aad percentage of wrong-form errors wasaiso
obtained. - * L T o
~ Tha correlations in.Tabhle 1 (shown for the total
group and also for ike cost accounting group in paren=
theses) generally indicate that students having lower
cumulative grade poiuts and scoring iower on the en-
trance battery tended te rate the course sd machine
as fagt. ‘The correlations of several subtesis fron:iac
Penn.State entrance battery withpercentage of content
errors are suggestive of a similar negative relation~
ship, although they are leas consistent. Thesedataare
indicative of .the importance. of the speed factor, and
suggest that courses cmploying opticaal deleys, op-
tional review, and optional remedial work would be
beneficial for some students, . Sl
R T Teblel o
Correlations Among Some Cognitive Measures, Reactions
" " to the Speed of CAl, and Pércenfage of Centeat Erors
o S TUN=20 L T ’
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