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INTRODutTIQN

y

Focus of Pro,] ect

The computer-assisted: instruction proJect focused primarily on curriculum

development in three technical dreas: . science, mathematics and communication

skills. Course development was deemed to be such a cruc1al area of investi- .
gation because the capabilities of computer-assisted instruction have fre-
quently been limited simply because of the lack of available "software." The

_project sought to develop specific course materi al and methods of presentation

as well as providing explanations of various tiechniques and strategies for
dealing ‘with course development. '
" There was an emphasis on the aducation of vocational education teachers

The project sought to explore the promising strength of CAl in the rapid pre-

'paration of vocational-technical teachers. Venn points to the cruciality of

university leadership in this task

. . .the expansion-and improvement of vocational and o~
techni cai education are heavily dependent on some resolu- ’
tion of the teacher-training question. . This cannot and
will not happen through the efforts of people already in
the field; higher education in particular must assume
-leadership in the preparation of vocati onal .and. technical

\\ + teachers. (Venn, 1964, p. 36.)"

Secondly, the project attempted:the evaluation and articulation of com-
puter assisted instruction with other educational strategies, and, by means of
carewi experimentation, determi ned optimum formats for vocational(t\chmcal
material taug&t with computer. -assistance. This- app]ication on an interdisc1- :
plinary baSis is advocated by.. Brandon and Evans "

Bri fly, the broad nature of research results and -
research techniques at the present time in the various
disciplines and fields of agp.l.jcation show interesting
and profitable avenues for our exploration and study: .

. 1. New methods of teaching and learning through

_many new media, numerous’ 'synthetics,' programed learning,

'computer-based instruction, etc. Many aspects of so-called
'related instruction' in vocational education are unique]y

L adaptable to these media: (Brandon and Evans, 1965.)
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The President's Panel on Vocational Education (1962). advocated that eight
out of ten of the twonty-six million young people who started, or who will

start, work during the past decade (1960-1970) would have gained occupational

competence through vocationa]-technical education. To this massive chanenge

‘must be added the extensive retraining needs of hundreds of thousands of adult

workers who are: presently underempfoyed or who have been automated or mecha-
nized out of productive employment. - '
Third, the curriculum development effort was accompanied by coordi nated

research and evaluatjon. Careful experimentation with CAI. materials in natu- -

ralistic settings were required in order that the worth of the inhovations
represented by the new approach to vqcational education might be ascertained |
prior to widespread investment 'in equipment and curriculum change. For thi s
reason, 2 ciose]y articulated 'earch effort was. designed and included 1in

the overall research program plan for the Computer Assi.,ted Instruction Labora-

tory. . , ) : o

Fourth, the training and’ dissemination programs wi thin ‘the Lab's acti v-
ities were designed to supplement and balance the research.and deve]opment
activities. The severe nationa] shortage of curriculim and research special -
ists in vocational- technicai education has been traditional. it -is now crit-.
ical. The fellowships, graduate assistantships and sunlner workshops inc]uded
in the Laboratory's program were designed to help alleviate this shortage.
Nith pespect to dissemination. i,t is clear that {nnovations in education do

“cerning its activi ties and progress as it was to perform continuing research

Lab's staff believed it as important to dissemiV\te cogent information.con-

and development. A .
The research and deve]opment program -was planned as a four-year effort

with a careful build-up of equipment and personne] during the initial year of .'
\_operation. The -work of the project was carried on by an organization of two.
“professionai teams, one focused on the preparation of teaching materia]s in |
. 'vocational -technical subjects. and a second seeking answers to. questions about

computer-assisted instruction by means of basic and applied research About

| not ‘Just. happen. New methodo]ogies. new curricu]a. ‘and new educational strate-
. gies must be {nvented and communicated through. as many avenues as possible in
-order to overcome the great. inertia in educational processes. Thus, “the CAI




vemomecees |

- Funding o_f the-'Project |

/ Themes in Computer Assisted Instruction

. twenty computer-presented instructional units were prepared and tested by the
staff. These materials could be integrated into prototypes of vocational-

technical education programs In addition, the Lab carried on a variety of

- training and dissemination activities designed to communicate the innovation

of computer-assisted instruction to the public and the professions

.S

The.pro:ject was conducted" at Penn State 'Unive'rsity between July 1, 1965

- and ‘December 31, 1969. Funds were provided by the United States Office of Educa-
‘tion on the following schedule: -

/ 1964-65 (1 mo. only) - § 7,236

+/ 1965-66 C 162,821

R ' 1966-67 - 310,00
L * 1967-68 - 206,000
| 1968-69° _ - - _273,130.
' Total -. $958,888

Research and development i nvolving the use of a computer to assist in the

'instructi onal process may be thought of as being related to teaching machine

technology, but CAI, because of "its flexibility, decision jogic-characteris-
tics, and sophistication oa 1nput-output mode, must be considered as a quantum -
advance over. traditional programed instruction. Projects using a computer for

{nstruction are similar to eacl/ other, but di ffer in their emphasi s. ‘The
\flexibility of the digital computer allows for a variety of themes different

from and richer than the themes of programed instruction as represented in the
programed text or simple teaching machine. One, such. theme is the extent to
which input and o output isglq_ facilitate coiilnunication between the student .-
and the puter, e.g., cathode ray tube display, various large capacity
random access visual and audio devices, speci al response keyboards, light pens;
Mul ti-media interfaces between learner and»computer seem to be necessary
with reluitant |earners and the handicapped a /d they seem to be required for
‘teaching \complex material ‘'such as the teac ng of . reading " Good display and

) response aevices are particul arly attrac}tive to the researcher concerned with

v A
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bt . / g
‘.14 ‘ :
o= . ‘/:
.




4 P
i nstruction, but at the same time handmade interface equipment does not
stimulate research in other Taboratories because the specia‘l equipment is
generally of experimenta‘l or prototype cons truction and extreme‘ly expensive.

Two efforts that: emphasize this theme in computer aided instruction are those
~ of Bitzer and Easley (1964), and Suppes and Ginsberg (1962).

' A second theme s to adapt course organi zation to individual student’ s
needs, here the concept is to monitor and ana‘lyze student performance, and, on
_the basis of this performance plus other historica‘l information about the '
{ndividual student, continua‘l‘ly adjust the course organi zation to optimize it

for every particular student's progress Such tailoring of materia‘ls to an indi -
| vidual student s highly desirab‘le, but in the occupational area adequate '
, tai‘loring to the student his;tory is difficult. - Tailoring to long-term per-
formance of a student s possib‘Ie, but . of: relative high cost because .consid-
erable computer capability would be. needed for each student To some extent.
" this {s ‘the approach of Stolurow.and David (1963), and Smallwood (1962).

A third theme 1s that of tutorfal interacti J\_, the concept is that the -
high speed/‘logic of the computing machine reacts to the detailed features of
student performance on specific tasks, observes the efforts of the student in
/dea‘l ing with these tasks. and presents appropriate remedia‘l or accelerated

~ action where the student is not succeeding or is insufficient‘ly cha11enged
The tutoria‘I interaction is supp‘lementary to the strategic job of adjusting
the arrangement and difficulty of the tasks and their manner of .presentation
to the individual student. This approach is exemplified by the effort at
IBM's T. J. Natson Research Center by Utall (1961). - - :

A fourth theme is the process of simulation and gami ng between the stu-
dent and the machine; here the role of the machine is that of simulator of .a

L process or as an opponent with which the student interacts, Just as he inter-

-acts 'tith process or persons in ‘Iaboratories or real si tuations This theme

is prominent in the work of Feuerzeig (1964}, at Bolt, Beranek; and Newman,
" Inc., and Wing (1966), at the Board - of Cooperative Educationa‘l Services, ,
Westchester County, N. Y. Public Schools (Swets, 1962) .
_The present project in computer-assisted instruction emphasized tutoria]
interaction, and- made. limited use .of “the other themes described. Webelieve
that each of the emphases described above represents a valid conception of an

y
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~approach to the use.of c{a_mputers as educational aids, but -that the approach we
“have selected is an appropriate one for education, to the extent that the

- reéearch and development commitment is pointed toward par'tia'l s~lutions of im-
- mediate problems as well.as to those of a long-term nature. Cunrent and pro-

S jected needs\fb_r;g,;dministra_tors to consider {nstructional cost, both for the

devélopmenj: of courses, and ‘the admirii stration of -these courses by the computer
in :“proﬂuctiori»'__" teaching. This research established a flexible interface
batween the learner and the computer, but at the same time it utili zed a systenm
that is juSt'i fiably economical in the 16ng run to allow for w19é-sca1e adapta-
. tion to a variet:v of educational operations. .

. We prgpared'thé instructfonal materials in the present project in the same
ma_nner" tﬁai:'vie used for developing four college courses upder a previous con-
‘, trac_t"mth" the U. S. Office of Education. Unlike most dév,elqpmental projects

" in CAI, we have not devoted resources to the invention of terminal hardware
or to the w_ri'tingof -computer programs in machine language. We avoided these
tasks by using a commercially available typewri ter terminal as ‘the interface
between the computer and the student, and using th'e. Cou_rséwriter program devel-
_oped at the IBM T. J. Watson Research Center for controlling this jnterchange;
Virtually all of our resources were devoted to the p'reparationfof the educa-
tional materials presented by the computer since it appe'ars.that a major
limiting factor in the ultimate w‘l,d'e-scale use of computers as an educational
aid will bé-the timé necessary to prepare the educational materials.

The. course development under this contract was an eclectic one in which
current theory, practice of teaching, and programed instruction were adapted
and assimilated to the preparation of these courses rather than trying to pre-
pare_smateri'als based mor"e‘ directly on cur‘r,eht 'l‘eaming theory deve10bed in the
learhing laboratory. This approach appears to have resul ted in efficient pre-
paration of 'materials that teach well, and materials suitable for thedretical
learning studies. This eclectic approach, coupled with a concentration of
resources in course development, made it possible .to prepare an extensive set
of post-secondary course materials de’_signed specifically for computer presenta-
“tion. However, we must admit that improved hardware has made a good portion
of our course materials obsolete. - | ) |




Objectives of the Project
| The Computer Assisted Instruction Lab at Pemn State sought to achieve a

‘wide variety_of curriculum development, research, training, and di ssemination

objectives. Accordingly, the specific objectives were organized under the four.
headings.

Curriculum Development Objective. The curricu1um development objective
was' to prepare curriculum matéwial for computer presentation of selected tech-
nical-vocational subjects suitable for; youth and adults in the first two years

of post-high school education

Research Obje cti ves. The research objectives were 1) -to evaluate the
results achieved i\n student programs emplioying CAI and the articulation of CAI .
with other components of instructional systems, 2) ‘to evaluate by means of

'experimentatioanundamental ‘research questions within CAI, topics dealing with

the effectiveness of different forms of knowledge of results--for example,
optimal post-feedback intervals, social and motivational components in know-
ledge of results, and relationship of typing skill to learning and retention; .
and 3) to study the feasibi lity of’ adapting a wide variety of vocational educa-
tion teaching material to CAI modes of presentation and to make recommendations
to appropriate federal: and state ‘educational agetcies for future feasibi‘lity,
field testing, demonstration, and pilot experimentat

rainin bjecti ves. The training objectives were 1) to train an inter-

' disciplinary group of. research fellows as vocational educational curricu‘lum

research specia‘lists to the ‘revel of the doctoral degree; and 2) to train - .
through summer workshops a group of ‘vocational.educational educational subject
matter specialists in course writing for computer-assisted instruction ‘
Dissemination _gjgti ves. The dissemination objectives were to dissemi-
nate the results of CAI research deve‘lopment to school systems, colleges, and
goverunental ‘agencies, making available CAI’ materials and know-how in the form
of reports, :journal articles, .“hands-on“ demonstrations, conferences, 1ks,

| computer programs, video tapes, fi‘lms, and te‘revi sion programs

It was possible for the investigators .to achieve a: -coordinated and inte-
grated approach to the wide variety of activi ties and study that needed to be
pursued as shown in the obJjectives above -

\

17




N CHAPTER' I1
CAI AT PENN STATE .

What 4s CAI a

) Through the use of a computer in which a course is programed and stored, - -

; | the student can receive instruction which is individually paced and presehted. F

) This instruction may be tutorfal in nature, be a problem similation, consist )

i .of drill and practice, present information, or be.a combination of a1l four

| . ‘types. The course materials for tutorial computer-assisted instruction are

o stored in the computer, and the information is presented t_o students at special

‘ computer connected instruction stations. f ’

. Two computer systéms were used during the prfoject.- An IBM 1410 system

! ? was used from 1965-1'9,6? and “thg IBM 1500 system was used from 1967-1969. For

' a p'eriod of several months, there wasan overlap of the systems. For a more

1 complete description, s\e'e_ Chapter I11. ' . | '

" ' An 1mporta'nt' aspéct of computer-ass1st‘ed instruction {s the speed at which

C the corﬁputeri-prés'ehts {nformation to the students taking the course. Ina .
b time-sharing 's'1’tu.at1o'n,- the 1ndiv1d§a1 tudent feels that the computer is pre-

. senting ’on]_); his lesson even though other students are taking - the same course

)- . ~ or other. courses at-the same time. Thisﬂine‘-shaﬁng is possible because the

computer reacts inmicroseconds while a student rezcts in terms of seconds or

‘ even minutes. . o - |

| ;Iwn using the.computer for instruction purposes, questions can be pre-
i 1 N ‘sented by. the combdter; the student can respond by using the typewriter key-
~ board attached to a cathode-ray tube (CRT). In addition, on instructional
U ~ stations, which incorporate a CRT, it is possible to have the student use a’

- -1ight pen to respond to questions.. The student presses the 1ight 'pen against ;
U his a’nsycer-choi ce; the 1ight sensitive pen ‘receives the 1ight and the position
- of his choice is regorded. Responses from the keyboard or 1ight 'pen_c.‘an then .
be analyzed by the computer, and the student may be given feedback"corfespond1ng .
U | to the response made. An audio unit allows the student to record responses ‘

'wh1ch may be analyzed by the, instructor after the student has s1gripd off the

U . course.

\)‘ “ ’ "": ' o . . 18
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Since the computer h'as the capabiii ty to.record and 'recaii student - .
responses, the number of correct answers, the number of wrong answers, etc.,
the sequence of instruction for a particular student can be al tered on the
basis of his response history. More challenging material or renedial instruci-

) tion can be presented on the basis of past performance. or sections of the
. course may be. skipped if the student's performance is at a specific ‘level of
proficiency. And if the student stops interacting with the computer for a
period of time while taking a course, when-he signs on again, instruction will.
z , resume where he stopped previously L
: The computer can be used to record a variety of types of information for
l all students, e.g., the exact contents of his response, the number of seconds
- - "he takes to respond, and his exact position in a course. Sumnary information
such as number of correct responses to a question. total number of response
: attempts. etc., may be produced for anaiysis by the instructor thereby reducing
* the ‘teacher's clerical duties and freeing him to give individual instruction
! S " The nature of the computer input is such that it will. accept course con-
. tent in two ways: 1). course statements may be punched on cards, or. 2) course
, i i | materiai may .be input directiy into the computer from the instructional station
- keyboard. Using the second method, . the contents of a course can be replaced,
P corrected, or deleted easily and quickly 'by special iuthor commands .

H 1
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i' ‘ i Coursewriter 1 and II
- ~ At the beginning of the project, the deveioped courSes were written in
| H the CAI author 1anguage known as Coursewriter I for use with the IBM 1410 com~
e puter system A complete description of - Coursewri ter I 1s beyond the scope of
J this report; however, because it fs standard IBM ianguage. it is readily avail-
l' able. ' - °

The period betweerr January 1, 1968 and June 30, 1968 was-a time of transi-
tion in hardware in the CAI Lab. A change was made from the IBM 1410 to the

_ IBM 1500, and -in author ianguage from Coursewriter I (Yorktown Heigh%s version)
i .to Coursewriter II. Staff efforts during that period went into the completion

of experimental studies begun on the typewriter terminal, the translation of ‘

L - .carefully selected course material from the old author language into a new,
. considerabiy more flexible language, and the development on the part of the staff -
L | of new skills and new teaching strategies for the richer iearning envi ronment
provided by the 1500 system (IBM Corporation. 1968)
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Programing Language

- To assist in providing an answer to the questiBn'as to -how instruction :5
_strategies are prepared for the computer, the following e;cerpt from the _l_gﬂ
1500 Coursewriter II Author's Guide, Part I: Course Planning is included here.

- The Coursewriter language is composed of individual ihstruction§
that can be logtcally separated into five major: groups.

Problem presentation .

Presentation sequence control
. Response requests , : ~
. * Response analysis

-Scorekeeping

The prbblem presentation instructions are used. to mark the
beginning of a problem, to type and display instructional material,
to play audio messages, and to project images from film reels.

The response request instructions enter and process student
responses from the 1ight pen and from-the typewriter and instruc-
tional display keyboards. They also record audio messages, con-
trol the time allowed for responses” and cause performance records . -
to be written automatically (if the author has specified them). : o

The response .analysis instructions determine whether a
response is correct, incorrect, or unrecognizable. Special program-
ming is built into the system to handle matching bf responses
automatically. o

The scorekeeping instructions permit the aﬁthor to channel into
performance records the counts of a student's correct answers, wrong
answers, time-outs, etc., and to post other special indicative
information. They also permit the author to "capture" actual
responses and work with them by executing specialiyoutines during

answer processing.

The presentation sequence control instructions alldow the author
- to provide several paths of instruction based on conditions that
arise while students are actually taking the course. They also allow
. the author to link course segments as needed to complete course flow
through an instructional session. (1BM Corporation, 1967, p. 25.)

.

Course programing languages other thah'Goursénritér‘rgjprovide 3nstruc-. o
tions to carry out similar action. With systems‘pédicgted“%o cometer.assistéd.-:
{nstruction, changes and addittons can be made in the pﬁdéfaming language.
Functions can be written to“providé special ﬁrocéssing not included as_part of

J thQ'programing language,-ahd these functions can be accessed within the course. - .
Thus, ‘a great deal of flexib{lity is provided. ) ' '




Flowchartigg

10

Flowcharting is a means of presenting a course description so that it is
easy to visualize and follow. Simple geometric figures. are used. to show the
flow: of the, course through which a student may pass. A flowchart may be used
while a course is being developed to. experiment with the sequence of presenta-
tion or may be used as a means of communication between the. curriculum special-
ist or course author and a programer. Flowcharts can depict major logical
steps or any degree of detail desired and are commonly-used as a means .of
documenting a program. An over-all course flowhcart would indicate general
steps without much detail; whereas a detailed program flowchart is a map of L
the program. A program flowchart should be labeled so that the associated _

'i'instructions from the. programing. ﬂanguage are referenced; thus understandings

and modifications of the course are both facilitated.

Flowcharting symbols used in this project were generally consistent with
IBM flowcharting symbols. Since programing for computer-assisted instruction
is different from- programing for other purposes, the meanings of some symbols
were altered to fit our particular situations. For example, in flowcharting
CAI progranms , a few symbols were adapted from those usually used only for flow-
charting symbols. The symbols used for flowcharting in this project all appear
on the Standard Register Business Forms flowchart template. e

Figure 1, page 11, is an example of a flowchart of the type used in the

_project. This is such a critical area in programing that the strategies devel -
oped will be briefly described. Briefly, it is the computer ‘operation, pro-

gramed by the course author, which moves the student to remedial or advanced
work. It allows the author, via the computer, to fit the course to the student.

In the diagram shown ih Figure 1, the student may. choose three routes. He may

 élect to take a quiz,. receive feedback on the. adequacy of his knowledge, and

then move E%Dthe beginning or end of the course. He can also receive instruc-

tion, ‘move=¥o a review, and then take the quiz. " His third choice would be to

go directly to the review, then to the quiz, instruction, or to another review.
Additional flowcharts for specific instructional strategies can be found

on pagé 107 of this report. -

~ .
LM .

ﬁ N ) :
e . WP

PR

L Nl
NP SRS

-

Y
: .t

. T e
N N s See N . : e
N S g &% N e e T
S SO ] et Mgl ~ .
S It ye s
. AT

--r-.‘§
Py}

"



n

1 Instruction -' | g

. * X _'. ¢ v N J

Lip| Review |—I"|

PR

-

»

. . . | . . .o ' . ) ] v »




CHAPTER IIL T
L THE DEVELOPMENT OF HARDWARE AND FACILITIES

Physical. Facilities

- To initiate the vocational- technical CAI project, a large room, 45 feet
by 45 feet, was remodeled and the space was designed to acconmodate approxi-
mately ten professional staff members, eight graduate assistants, five CAI
tethnictans, and four student terminals, ‘each with audio visual components and
a printing desk calculator. / From its own resources, the University made avail-
atle new of fice furni ture and equipment and. nstalled air conditioning and
electrical controls in the space occupiedﬁby ithe heat-generating terminals.

N
Equipment Evaluation

In July, 1965, ~two student terminals/in the CAI Lab were connected by
means of dedicated long distance telephone'lines to-the IBM 7010- l448 computer
: '-‘.;configuration at the T. J. Watson Research Center, IBM Corporation, Yorktown
B Hei ghts, New York The Lab was under contract for this service until June 30,
1966. The service included not only.,64 hours of terminal time weekly, but
' compiled course 1istings and. sunmarized student records taken from log magnetic
tapes.. : S . . '
' Delivery of four new IBM l050 conlnunications termi nals with improved
_ audio-visual components, expected in October, 1966, was delayed Installation
o of this equipment, replacing the two “"bench-built" uni ts, occurred in January,
1967. - Orders were placed for the additi onal four termi nals to be .1 nstalled in
Williamsport and in Altoona by July, l967 :
By June, 1966, the pro:ject was almost completely moved into its new .
remodeled quarters. The new facility was extremely well suited to- the needs-
‘'of the project and staff. Four new student terminals were__instal led in four -
separate sound-proofed and air-condi tioned rooms. ' The Laboratory office |
.space completely accomnodated the staff of the project _ ,
By July, 1966, conversion to Penn State's own 1410 computer system had
been completed and CAI courses prepared to date operated successfully on this '
system. The new system controlled four- -student terminals in the Laboratory,
'two addi tional terminals located at the Wil amsport Area Conmuni ty College,

-
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and two terminals on Penn State's Conmonwea‘l th Campus in Altoona. The four
; ~ student termthals in the field were i nsta‘l‘led and available for student 1instruc-
- tion by mid-July, 1966. Students enro‘l‘led at these two schools were used for
= ~ research and evaluation of thé CAI courses in technical education during the
) : summer, 1966. The schematic. in Figure 2 shows this. g_eogr‘abhj c arrangement of .
equipment. | -

- STUDENT TERMINALS
S - WILLIAMSPORT AREA
. COMMUNITY.COLLEGE
s | Williamsport Pa.

- STUDENT TERMINALS l
S CAILAB o L P
. University Park,Pa. | 'COMPUTER’

INININLS /|COMPUTER CENTER

I " — ‘University Park, Pa.

Ty

/ STUDENT TERMINALS
\ - - ALTOONA CENT ER

]

Altoona, Pa.

i ‘ -,

i " Fig.-2. Schematic showing _geo'g'rap‘hic', arrangement of CAI student terminals. o
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The research and deveiopment progress in CAI compieted up to December 31 ’
1967, was accompiished on a hardware configuration organi zed around an IBM- 1410 o
computer as a cehtral processor used in time-sharing mode and located in Penn
State's ComPUtation Center. Connected to the central processor by telephone
Tines, the CAl Lab maintained eight student stations consisting of IBM 1050 .
typewri ters, each augmented by a random access tape recorder and a random access
slide projector. This modified: businesrr appiication equipment provided service -
as has been described for two and one- ha'lféyears but was rep'laced late in
December, 1967 with an eight tenninal IBM 1500 fnstructional system The new
system,. designed for instructiona purposes, offered numerous advantages over
| the former. Displ ays of materials are achieved. aimost instantaneously on the

CRT termina'i instead of the tedious typewriter type-oui: Student's answer
. processing was vastly improved Last. but not least, the cost per student
terminai hour was .about one-fourth of the former 1410/1050 system - .

During: the first half of 1968, ‘the project staff was primariiy engaged in
. the transiation of experimenta] course ‘materials from Course\fri ter I,' the
author language of the IBM 1410 system, to Coursewriter 11, the author lan- | - N
" guage of the IBM 1500 system In addition, the 'Lab learned the intricacies ‘of
the new hardware/software configuration and deveioped new dictionaries and | ,
_-"macros " StUdies were initiated during the period uhich built upon uhatmthey‘-v . )
. alreddy 1earned about: response modes, sequencinq, and student attitudes: : .

Due to budget cuts for the 1968-69- fiscal year, the Lab reiuci.antiy had
to withdraw the te‘rm) nals from Wiiiiamsport and Aitoona. Both institutions _'
had .provided us with unstinting cooperation in the seiection of technicai '
education students who served as subjects The faculties of both schoois had .
~ provided many hours of vaiuabie consuitatioh on curricuium and display

problems. v
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< | CHAPTER 1V |
CURRICULUM MATERIALS

’ o\ N

Mathemat1 cs

Technical Mathematics - o " "
[TBM 1410 Computer Sy steml _ LT e

The technicai mathematics curricuiculum (Ritchey, 1965) embodied in this
CAI course includes the following topics: graphing, exponents, roots, trigo-
nometry, simultaneous quadratie equations, calculus, logarithms, vector anaiy-
sis, algebra, ratio, and proportion L - / '
By design the f Segments programed are comnon to both physics and

, mathematics 'instru ion. The common segments inciude ‘the metric syStem, |

working with units, "and significant figures A summary of the course segments

L

,Basic Mathematics._ A review of basic mathematics course is developed by
presentation of square - root, ‘cube root, and estimating square root and cube

’ root. Estimated time: \ hour.

ignificant Figures. Instruction in the accuracy of cal cuiations used in .

scientific experimentation The student ‘{s taught the reasons for limiting
. the number of digits in the resuits of his calculations. This version teaches
_the course by telling the student the reasons for using significant figures

but does not present rules for using significant figures. Estimated time: 90
minutes. -(Also programed are three additionai experimental versions of signi-

.. ficant figures. )

: raphs Definitdon of basic terms used in graphing, construction and .
interpretation of graphs with a physical rather than an aigebraic slant
Estimated time: 1:1/2 hours. '

_ Logarithms. - Program instructs student in logarithms and the use of ioga-_
ri thms and ‘the use of iogarithm functions and working technicai programs '
Estimated time \1 1/2 hours. " " s

' rigon trz A study of the appl1 cations of. the eiementar_y functions of
trigonometry. The student Tearns to use tables, to interpolate, and to per-

form. mathematical operations ‘with the tri gonometric functions Estimated
“time: 3 1/2 ‘hours. '

4
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_.;The final method presented is algebraic solution usi ng’gultiplication and
- addition. Edtimated time: 1 hour. - oy

* math. Content algebra. Estimated time: 45 minutes

) .expression, ratios: and proportion. Test presented via 2 x 2-inch slides and
feedback given for eachquestion. Estimated time: 45 minutes. |

. pose of investigati ng techniques of developing computeri zed instructional Y

840 Coursewri ter statements and takes an estimated 3 hours for a student to
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. Vactor Analydis. A segment that teaches factors and the law of cosines
and sines. | | : |
Simultaneous Equations K segment on how to sol ve simul taneous 1inear
equations by algebraic methods The presentation of the material is developed
through substitution, "trial and: error," and thence to algebraic substitution

lgebr The second part of basic mathematics, a conti nuation of remedial

Ratio Proportion. A continuation of basic mathematics. This segment = ]
develops ratio and proportion and -{s. the terminating sequential course for the:
basic mathematics sequence; Estimated time:* 1 hour.

Test.on ra-, rb-, and re-math segments. Test on the material covered in
ra-, rb-, re math segments. Includes test on exponents, roots, algebraic

Number S stems -
[TBM 1410 Computer System)-

A program entitled Number Systems (Sands, l966) was wri tten for the pur- - ‘

materials in the arga of mathemati cs. The program-consists of approximateély

complete

The objectives of this program are as follows

Main __1ecti ve _ .
To have students acquire the ability to convert a number from -

one number system to another. For example 23l (base five = (base

ten)

Sub-Objectives
To recognize for any symbol in a number its equi velant expres-

sfon containing a coefficient, base, and exponent; an example of

this would be to recognize 2(5 ) as the equivalent of the 2 in

23l (base five).

W
—




To recognize the correct expanded form of any number, an
example of this would be to recogni ze 4(9 ) + l(9 ) as the’ equlva-
1ent of 41 (base nine). ' - -

To recognize the correct numerical expression for a verbal
statement. An example of this would be to recognize "20" as
equivalent to "two groups of the base 4in any number system."

The programing strategy used is a slight departure‘ from most of the

‘strategles used with Coursewriter. The major criteria for branching is not the'
© type of error response but in the amount of practice required to  /achieve
mastery within sections of the program. Also, an attempt has been made to

keep error rate at a minimum. Students who do make errors are not required to
type the correct answer, but are given an. explanatlon of the correct solution
and are automatically branched to the next item.

Slide Rule -
'(TEH—‘IB'O'O—Computer S_ysteng
9

This.is a course which provldes 1nstruction on the use of a slide rule.

The scales discussed are those used for: 1) multiplication (c, D, C1); -

2) sq&arlng and cubing numbers and king square and cube roots (A, B, K);
3) i dlng logari thms (L), and 4) redding trlgonometrlc functions (S and T).

‘ ' gelllng o
Two programs in speTling were developed 4n the CAI Laboratory. Both pro-
grams were designed- for remed{al 1nstruction for high school or post-high

o school ‘students. The £1 rst program described was deslgned far use on the IBM

1410 computer system. The second prodram is built for the IBM 1500 computer
system and is avai lable for use on the Lab's present compyter system. ‘The task
of building the second spelling program was facilitated by knowledge galned
through the development and testing of the f1 rst program.

"

Vv
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Conmunications Skills - 5pellin
omputer System

The purpose of the CAI course in conmunications ski‘l‘ls{ (Bjorkquist, 1965)
was to deve‘lop and evaluate a computer assisted program of 1hstruction in
remed1a1 spelling for ‘students preparing to be technicians. Jhe computer pro-.,
gram was planned to diagnose the spelling errors made by 1nd1v1dua1 students
and to branch students to remedial programs of instruction appropriate for- the ,
types of spelling errors made. It was anticipated that this course would be a )
prototype for the preparation of other communications mater%a‘ls |

St dents comp‘Ieted an or1entation which introduced them to the: se‘Iectr.c
typewriter, tape recorder, and photograph1c s11de-outputs of the computer. It

~ also acquainted “them with the typewriter they would use ‘for responding_ and

tried to impress upon them the importance of accurate spelling. Instruction
in.identifying word syllables and in 1isteni ng. for correct pronunc1ation was
included. The orientation was followed by a diagnostic spe“l‘ling test which )
identified the types of spelling errors made by the {rdividual. Vords in the
diagnostic test are pronounced to the student v1a audto tape message, and he
responds by typ1 ng the word on the computer typewri ter keyboard Based on an
analysis of the' responses made bx the student, the computer branches those
students needing. remedial work to one or more of nine remedial programs

‘The d1agnost(c test s made up of words 1nvo‘|v1 ng nine types of spe‘l‘ling
problems: plurals, homonyms, contract1 ons and hyphenated words , words with
ie and ef combinations, double consonants, suffixes, e and y endings, words
requiring visual discrimination, and "demon" words. A student who misspells a
certain percentage of those words involving one of the types of spelling errors

N~

. 1s branched to the remedial program of 1nstruct10n to correct that type of error.

~ ‘After completion of the remed{al program, the student is tested to deter-
mine his degree of improvement. Failure to show marked 1mprovement in cor-
rect1ng a type of spelling error will repeat the remedia‘l program for the stu-
dent. -

Words for the d1agnost1c and remed{ial programs are selected from graded
spe‘I11ng 1ists, themes written by students and from words used by techni c1ans
in their work. Emphasis is placed on the 1nc‘|usfon of those words which are

e f

commonly us_ed by technicians.
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" taken from the same word 1ist as the diagnostic test.

spellin | |
(EEN 1580 Computer System)
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Fo'l1ow1ng comp'letion of the orientation, d1agnostic test, and remedial
programs, the student completes a proofreading exercise. The purpose of this
exercise is to test the student's ability to recognize misspelled words in a
pr1nted page, to correct errors and to emphasize the importance of\p@/freading..
The program in spe11ing concludes with a posttest’composed of words. ranm

Tt

This spelling course (Farr, Kelly, and Palmer, 1969) consists of two tests

.and five instructional segments. The pretest and posttest are parallel in

format and 1n diagnostic struct'hre, but the posttest had twice as many (100) as
the pretest. In both of -these multiple-choice tests, the student is presented
with one sentence at a time. Each sentence contains one blank space to be
fi11ed with the word appearing under the sentence. Three possible spe'l'lings
for that word are’ shown simul taneously w1 th the sentence, 'and the student
registers his choice of the correct spe'l11ng by. touching the 'tht -pen to the
spelli ng he Judges to be - correct. The student s choice 1s then eval uated as

~ correct or incorrect by a computer routi ne, and wrong choices are recorded in

counters. Each student's cumulative totals of wrong responses 1is available for ]
each of the five error categories being tested. - The student does not rece1ve '

any evaluative feedback about his choices until he has comp'leted the test )
‘being taken. However, at the conclusion of both tests, he is”informed of the o

number of errors that he made in each of the five categories.
‘At the time this course was being developed, audio equipment for the 1500

student stations was not available. ‘And in view of the highly unreliable per-

formance experienced ip using tape-recorded spe'l11ng tests on the 1410 system.,-
as well as an {mminent termination date for the proJect, we decided to proceed

'-w$lthout the use of audio equipment.

Therefore, we represented the possible pronuncfations for the three
spelling choices wi th a’ set of graphic symboIs and manipulations. The symbols

-and man'lpu'lations used are mod'lfications of a syStem for representing sounds

which was devised by T. V. Barker of the Lehi gh University Speech Department.
The major advantage of Barker's system over other graphic systems for '
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representing sounds (e.g., the Internationai‘Phonetic Aiphabet)vis that'aiivthe
Barker’ graphic symbols are readily identifiab]e as letters of the English
alphabet. Hence, in spelling, the graphic sound representation of a word is
spelied exactiy 11ke the standard alphabetical representation of that word
When an alphabetic symbol has more than one possible sound (e.g., C, S, th

. voweis)  the position and/or form of the Tetter symbol indicates the appro-
priate sound for the word (i.e., spelling choice) under consideration° For
example, vhen c, S, and t are voiceless, they are 1ocated one-half space above
the home 1ine of type; if they symboiize voiced sounds. they are located one-
half space below the home-1ine of type° A vowel foiiowed by a space is always.
. accorded the Tong vowel sound, and any- letter crossed by a §lash mark isa
silent ietter.v Outline and shaded letter symbols represent diphthongs and
other spediai sound combinations. Each student is provided with a pronuncia-
'tion key (on paper) illustrating each symbol-as its sound occurs in a common
word. /“ \

1In tﬁe instructions for the preétest and posttest, each student\is informed
that he ¢

n touch his 1ight pen to the word "help" (which appear? in the s e
spot on the screen with each test. question) if he wants to see h w the choices
are pronodnced The program permits him: to return to the pronunciation (1. ec,
"help") section as many times as he wants on each question° Counters are pro-
" gramed to| keep track of the number of timés each student uses the "heip"
section for each of the five different error categories being tested.

Ite?s covering the five error categories are presented in the same order
on the pretest and the posttest. 'Thus, the pretest contains a total of 50, '
{tems arranged in 10 groups of the following error categories: the doubling :
-~ of finai/consonants ie»ei words , the formation of plurals, words ending in
silent e, and words ending in y. The posttest contains a total of 100 items
.; arranged in'20 groups of the same error categories.

» Betause the students for whom this course was planned are older adoles-

~ cents, an attempt has been made to make the test sentences as unlike. the usual,
_unimaginative, monotonous speiiing -test sentences as possibie while at the
same time making them clear and not so interesting as to be distracting

Depending on each student's performance on the pretest, he 1s Judged
eithen to be in neéd of instruction in one or more of the five error categories,

h P 1 |
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" or not to be in"need of such instruction. If, on the pretest, a student‘makes '
" no more than two errors 1n each category (1. e., if he m1sspe1ls no more than

two out of ten words in a s1ng1e category) he is judged to have performed

' sat1sfactor11y and he does not receive 1nstruction in that error category.

Each category 1s judged separately, so a student could make as many -as ten
errors (i.e., two errors in each of the Five cateogries) and yet not be routed
into instruction., The justification for this criterion leével is that two
errors out of ten possibilities represents an accuracy 1eve1 of 80%. Since
the expectation of perfect Eng11sh spelling may be an unrea11st1c one for
human beings we settled on 80% accuracy as 1ndicat1ve of’ knowledge and skill '
well beyond the level of chance, yet within the scope of attainment ‘for students
enrolled 1n post-high school study programs. .

When a student makes more than two - errors in a ¢ tegory, he is auto-

'-mat1ca11y routed to the 1nstructiona1 section dea11ng W1th the kind or k1nds of

errors that he made. After completing a11 instruction 1ndicated as necessary
(on the basis of his pretest score), a student 1s exp11c1t1y branched to the
posttest, where the same criterion 1eve1 holds. Hence. on the posttest, if a
student spells 80% of the words in a category correctly, he is judged to have.
achieved a satisfactory 1eve1 of spe111ng performance (i.e., .he makes no more
than four errors out of a possible twenty in each of the ‘five cateogr1es)
Only as a means of gathering information about the tests, we have, at

this level of development, given the posttest ‘to students who achieved our

no-instruction criterion on the pretest. Ordinarily such students would be

" dismissed after taking the pretest. ~ | S

Any student whose pretest score indicates that he needs 1nstruction in one
or more of .the five error categories, is systematica11y branched into a ﬁ/rt,

{pro1ogue segment called “Spe111ng 'Patterns." This segment has two basic pur-

poses 1) ‘to alert the student to the presence and preva1ence o patterns in
English spe111ng, and 2) to present basic expository 1nform t 6n about vowels
and consonants The first of these purposes is. essential y an attempt to draw.

“ upon a 11ngu1st1c‘approach to the' study of spelling, ip“contrast to the pro-

bable, "There is no rhyme nor reason to.English speXling" approach which most
of our young adul t students had previous]y encountered. The second purpose
. . ) o .
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" was merely to ascertain that the students were knowiedgeab1e about two funda- .
.mental terms (consonants and vowe1s) which are used extensive1y in certain of

_rather reluctantly by students who. have a oenera1 .and prolonged histocy of “;3,'15

-terns in English spe11ing) and the graphic treatment of the content (i e., e

—_— e
S o

the instructiona1 segments. . = D ' o

The CRT's potential for animated presentation of materia1 permits the ' f‘j
author to emphasize particu1ar -patterns and to build on “those patterns in- ,“ )
accord with’ the concept(s) being dealt with at the moment. This animation LE

capacity of the CRT has, as- the.authors anticipated, proved to be one of 1ts _;%éﬁ;
most appreciated advantages--especia11y when the subject matter is approached L

failure in the subject. Both the content (i e., the fact that there are pat- ."ag?

meaningful arrangemént and animation) tend to rékindle hope in the students I T
that this time théy might really learn haw to spell. " The patterns prologue - ﬂ;ﬁ;
received favo/ab1e comments--sometimes accompanied by pleasant surprise. - 7-5“<
The/doub1ing instructional segment {s, concerned with teaching students i’.:;ff

’ hoy/to determine whether or not the final consonant on a word shou1d be ~ ﬁf;ﬁﬂ.
_doubled when a suffix 1s added to the word. To: begin with, the student fs =¥
asked to distinguish between vowels and consonants° If he fails to do'so .lggégn:
satisfactorily, he is given a brief review on consonants and -vowels. The - - g
instructional segment uses significant- animation extensively, i11ustrating ’f};:hg
doubled consonants, the settings in which they occur and  do not occur, and i iﬁjf{tﬁ
the rule of the syllable number and accent, as we11 as the significant e1ementagféﬁfg
in the suffix to be added to the root word After the instructiona1 program . \éﬁjgf:
has shown the separation of words into their roots, suffixes, and doub1ed con- ~€§y;

- sonants (where necessary), ‘the student .is presented with a series of ‘internal J'?‘;f?

quizzes in which he must deqide whether o join the roots and suffixes’ just as )

they appear on the screen, or whether or not to doub1e the final. consonant on A

the root word before adding the suffix. L
Nhen the student has passed this point, he is presented with a statemeht , 'féﬁwj

of the.rule and then 1s quizzed on it$ app1ication. After each unit of
. instruction, the student is quizzed unti1 his. performance score reaches cri- -1

terion, then he s directed into a different and/or a ‘more complex aspect of
the topic. The tdne of the evaluative ‘feedback 1{s designed to be appropriat »g
for the student's performance' gent1e and supportive at first, more - - T B

4
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matter-of-fact as the number of trials to criterion increases. Dril1l-and-

practice is extensively interspersed with internat quizzes in all instructional

segments

Spel
(E M 1500 Computer System)
Spelp is a computer instructional program for ‘the understanding of prefixes _

- and suffixes. ' The course contains a descri ption of 1) the relationship among
prefixes, suffixes, and root wordss ' 2) an exercise in typing the root when

prefix apdisuffix are given, and 3) an extensive dri‘I‘I in choosing the correct

. word mea ngs when the meaning of the prefix is known,

Engineering Science

Engineéring Science - -
Ugﬂ 1410 gomputer Systém)

‘The pianning of this. course in engineering science (Gi1man, 1965) included
comprehensive examination of the engineering technology and physics ‘curricula
of many vocational institutions. Most of the avaiiabie texts 1in tec/m-ica‘l

physics were reviewed. ,
' Because there is a certain dmount of subJect matter comnon to physics and

mathematics, these areas were programed- first. Topics in scientific notation,

* the metric system, working with units, significant figures and’" kinematics were

programed and tested by student subjects. Also, a chapter explaining the
relationship between physics and engineering was. programed and is available.
Short segments in magnetism and atomic energy were written and tested.

The overall instructional strategy for CAI Engineering Science and Tech-
nical Mathematics begins with a common subject anid branches into separate tech-
nically oriented mathematics and physics courses. However, the separate courses

_are correlated,. so that instruction fn physics topics are preceded by the pre-

requisite mathemati cs for that topic.
The physics curricu]um includes beginning material of mechanics, heat,

matter, electricity, magnetics, electronics, modern physics, 14ght, and sound

4
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Technological 'adaptations of physics knowledge are stressed to a great
degree. The structure of the science of physics is emphasized and provides a
) valid framework for 1earn1ng fundamental concepts. A summary of the course
‘segments in Engtineering Science and their content are sunmarized below:
+, Introductién to hzsics An {introduction to the science of physics. This

segment describes the relationship of physics to engineeri ng.and chemistry, con-
siders some elementary physics topics such as density, kinetic and potential
eneray, and the relationship between mass and energy- Estimated time: 1 hour.
The Metric System of Measurement! .Teaches ‘the student to use the metric
system of measurement and 40 make.conversions from one system to another. .The
student learns to make conversions through the proper multiplication and

.division techniques required for unit conversion\ Estimated time: 1 hour

Working with Units. This short course presents a different treatment to
the use of dimensional analysis (atso known as factor labelf ng) in working
physics problems. The student is taught how to use the units given in a

~ problem to find the units required in the problem's solution: Ai<o, branching

strategy is determined by student's error rate. Estimated time: 70 minutes.
(A1so pragramed are four experimental versions of Horldng with Units.)

,Signi ficant Figures. Determination of f1na1 accuracy. in scientific
experiments through the use of. si gnificant figures Accuracy in measurement {s
considered and ru‘Ies are given for finding the correct accuracy fn the final ¢
result. Est*lmated time: 1 3/4 hours.

Use of Micrometer and Vernier Calipers. This segment teaches the use of
the Vernier calipers and micrometer cali pers as measuring instruments. The
student first receives instruction on how to man'lpu'l-atc the instrument and to

‘read the scales. He then.makes measurements using“the instruments. The stu-

dent enters his readings at the terminal and they are compared with the measure-

ments made by the course authors
Calculus and Kinematics ‘A discovery approach to the relationship of -

. velocity and acceleration to differential calculus. The student develops the

ability to associate the first and second derivatives of differential calculus
with the graphical representat‘lons of velocity and acce1erat10n Estimated

time: 40 minutes.
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- Heat Part Part l " An {introductory course on heat. The student is instructed
in thermometry. kinetic energy of gases, and the expansion of solids liquids.
and gases. Estimated time: 2 hours. . : ‘

Heat Part 1I. This is another segment of the introductory course in heat.
In this segment the student 1s introduced to the concepts of specific heat,
calorimetry. and the states of matter. Estimated time: .1 1/2 hours.
Electrification. Iwtludes theory of electrostatjcs Coulomb's Law and
relationship between forces and electrical charges. Estimated time: l l/2
hours. v ‘ :
Magnetism. A ver‘y basic’ treatment of magnetism designed as introductory -
material to electrOmagnetic circuits and devices. Estimated time:¢ 75 minutes.
Optics Part I. An introductory course 1in optics. In tlfis'segment. the

' student is presented instruction in illumination. reflection. and refraction.
Estimated time: 2 hours. ‘

Optics Part II. In this segment the student studies geometric optics as

- it applies to plane. mi rrors, cunved mirrors, and lenses.- Estimated time:

rd hours. - - : S
" Atomic Enérgy. . Utd lizes the full facilities of computer-assiSted ins truc-

tion to present an elementary description of atomic energy. The student is
taught the relationship between atomic wei ght and the numbers of protons and
neutrons in the atom. Estimated tipe: 1 hour.

Mechanics Adjunct auto-instructi onal program to provi de supplementary
instruction during ‘testing in the area of mechanics. Estimated time: .45 minq
utes” to 2 hours. ' : . Ve

Kinematics. Adjunct auto-instructional program to provide supplementary )
instruction during testing in the area of kinematics. Estimated time: 45
minutes to 2 hours. o . , :

Meteorology. This metro segmente inclydes the physt cal and meteorologi cal

-aspects of heat and scales commonly used on thermometers, and the common type o
. of thermometers. -

Simulated Laboratory Physics Exercise. S1 physics 1s a simulated labora- .
‘tory physics exercise designed to provide the student with the concept of the\
variables involved in a simple example of uniform, circular motion. The stu-
dent {s instructed to jdentify the variables in the situation, hypo_thesi.ze

R ™~
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the relationships between the variables, request data, and evaluate his hypothe-

7

_'ses. The student may request information pertinent to the physical situation |

on terms relating to the si tuation. . : - )
Science, Gengral, Content. of these two segments 1s designed to update ’

_;student s science Anowledge and to provide student with more adequate science "
concepts Both segments automaticaﬂy connect to tc phxsics. a macro program

of pre-programed options which an- author can use to specify strategies for any -
question frame

Measurement and 'Evaluati”on

Several. courses are available on the IBM 1410 computer in the measurement

area. A brief description follows:-
Student Opinion Survey. A CAI segment, administered on line, 1s a meas-

" uring 1 nstrument to.evaluate the student's attitude toward computer-assisted

instruction Twenty questions are presented via 2 x 2-inch s1ides; the system
records the student's response and assigns a value of one through five to the.
response depending upon where it 1es on the continuum. System types .out score,

which may range from 1 to 100, and the accumulated response latency. Estimated

time 20 minutes. . , : . . "
Computer Aptitude Test. Pretest for compat ‘(computer -aptitude test).

preliminary CAl ability measure designed for sequential presentation at the

student terminal. Estimated time: 30 minutes. : ,
Remote Associates Test. Computer administered Remote Associates Test of -

creattvity. . Thirty questions are presented via 2 x 2-inch s1ides. Those that ‘

are skipped are presented again. and then a third time if. skipped the second

time. Individual and total response latencies are printed out ‘for each ques-

tion as student proceeds, plus .the total score and the number of questions

missed. Estimated time: 50 minutes.
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~ Plan for the Deve‘IJment of A Pi‘Iot Computer-Assisted
~ Occupatonal Guidance Program

The purpose of this section is fourfold: 1) to describe the initia‘l -
computer-assisted occupationa1 gui d.ggce (CAOG) program developed in the Depart-
ment of Vocational Education at.Penn State; 2) to present the results of two
field trials, in which the program was ‘utilized; 3) to describe the second

" generation version of the program developed in the CAI Laboratory;’ and 4) to
- present a ‘planned third generation program and the rationale upon which 1t is
‘ based (Impellitteri, Kostenbauder, and Paolone. 1968)

| Description of Original
Version of CAOG

The efforts devoted to the design and deve1opment of the initial prototype

. of 'CAOG were a reaction to a growi ng concern. -The objectives of the original

project were, as stated. in the Phase I report (Impellitteri, 1968): aj to
deve1op 2 pi1ot occupational information retrieva1 and transmission system
which would stimulate a selected seament of the ninth grade popu‘Iation to-
explore occupations on their own; b) to structure the occupational information
transmission and the procedures by which the information {is retrieved in such
a way as to develop in the boys who are exposed to the system'the acquisition
of strategies for career exp‘loration and c¢) to develop a vocational guidance
support system focusing upon occupational information which represents an
integra‘l part of the total guidance services in a school.
’ The focus of the initial program was upon the storage and transmission of
chationﬂ information by way of a computer-based terminal device as a

_vehicle by which youngsters would be both’ motivated to further exp‘loration of

oct:upations and stimulated to develop their own individualized strategies to
undertake those explorations. A brief description of the hardware, software, -
and nature of the interactive process whi ch was utilized in an attempt to.
fulfill the stated objectives is. presented ‘in the following discussion. \

The student terminal provided the means by which a student interac:ed with
the system. The terminal, connected to an IBM 1410 computer by telephone
1ines, was composed of an electric typewriter, a tape recorder, and a slide
pro:]ector. all under computer control. The computer presented selected
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materi als to ‘the student, who was seated at the terminal, by ei ther typing out -
a message through the typewrfter, displaying a particu‘lar image on the slide : .
pro.jector, or by playing a prev10us1y recorded message on the tape recorder. '

_The student transmitted meaningfu1 messages to the computer by typing a “short |

response on the typewr'lter This short response required of the student was

‘considered to be esseatial since longer typed messages would ; have required a

level of typing skill not ordinarily achieved by most ninth. grade boys.
Information related to a certain student's abilities, preferences. and

educational plans ‘were stored in the computer before the student began the

interactive phase. The student was oriented to the purposes of the system

- before he began the f1rst session. At that time, he was given a list of 40

occupations with corresponding codes representing his primary ‘entry into the'
system. The computer's first request to the student was to ask him to- select
one of the 40 occupations on the 1ist about which he would have 1liked to have
known more. . After the $tudent responded by typing an occupationa‘l code’ number,
the computer typed out a short paragraph very briefly describing the occupa-
tion. The student was then asked {f he wished to find out more about the
occupation. -If the student responded positively, -four operations were acti-
vated in the fo11ow1ng order 1) discrepancies which may rave existed
between the student's ab111ty-preference profile and the requirements for the
particular occupation were typed out; 2) a two-minute taped interview with a
worker in the occupation was pl ayed 3) an image was projected on the slide
projector screen depicting the worker undertaking four typical tasks in the
occupation and 4) a 150 to 200-werd descri ption of the occupation was typed
out for the student to read, and to keep for later use. g

.The student was allowed to proceed through as many occupations as he |
wished during as many 40-m1nute sessions as he chose to spend. He may have,
at any point in the process, indicated that he would have 1iked the computer

"to select for him those occupations from the 1ist of 40 which he might have

been interested in exploring further. The computer, by compar1 ng the aptitude- i
preference profile for the student with the 40 occupational profiles sought
those occupations for which no discrepancies existed it 1isted those occupa-

tions for the student.
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Resu‘Its of the Field Tria‘Is
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o In order to assess the outcomes of the field trials a substantia‘l amount

of data was collected. These data included:

1)

2)
3)

)

5)

' 6)

7)

8)

measured by a 149-item test (Keith High School sample only).
An %.xfe

amount of time voluntari 1y spent by zach student with the terminal.

(Rooseve‘lt High School sample only); -
number and type of occupationa‘l de scriptions requested by each stude
reaction of each student to the equipment, the content and procedure:

‘utilized, as measured by a 44-item inventory;

students’ expectations of, the experience, their changes in awareness.
of self as related to work; the degree to which their horizons of
occupationa] opportuni ties increased or ‘decreased; the degree to whi
students developed an exploration strategy, and the degree to which
students were stimulated to seek additiona‘l information regarding
occupationa‘l opportuni ties--a‘I‘I collected by way of a 30-minute
interview immediately fo‘I‘Iowing the terminal experience (Roosevelt

High School sample only); i
change in expressed tentative occupational choice between September

DALYV 2 pall)

3

nt,
S

ch

‘and March for the group having the terminal experience as compared -

to a similar group- of vocational-technical bound boys not having the

'experience and a group of non-vocational- technical bound boys

(Roosevelt High School sample only);

selection of tenth grade course of study as compared to previous two .

years selections at the same school (Roosevelt High School sample

only); .
changes 1in occupationa‘l values as measured by a 35-item inventory,

.«

~and

changes in the students! general knowledge about occupations as ° ¢

¢

nsive analysis of the data listed here appears in the Final Report '
of the Phase I project (Impellitteri, 1968). Because of the broader purposes
of this paper, only summarized portions of the more significant analyses are

presented.
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e Description of Planned Program

A revi sed .more highly structured heuristic approach has been designed
The following discussion is an attempt to describe the content, ‘sequence and
the nature of ‘the. student s participation during the interacti ve: process.

The first phase.of the computer terminal experience for a student requires
him to, select t2/ree occupa’tions from a 1ist of 144 occupations representing a

o reasonable samp ing of opportunities in the world of wonk. The three occupa-
_tions the student is requi red to select from the 1ist represeni three tentative

occupational choices, The computer has access to 288 other occupations, some
of which may be presented during the student's terminal experience. The stu-
dent, however, must select from tHe 1ist of 144, This. requirement has merely

been conceived as a convenient starting point. .The numbers of selections, and

stored occupations have been: set rather arbitrarily
The next step in the program 1s.to check on whether any meaning can be

‘translated from these three choices (elementary level of ‘occtalk" to

"psychtalk"). This check has. been built into the program as a five-item test
with feedback on each of the three occupations. Each of the five multiple

choice test items have been designed to measure a student s knowledge about one |

of the following aspects of each of the three selected occupations: 1) duties
and typical tasks; 2) educational requirements; 3) training requirements, 4)
working conditions; and 5) opportunities for advancement. The feedback for
each i tem is essential in that it either crystallizes the perception of the
youngster about an occupation, or it clarifies his perception. The nature of

the feedback takes the ‘form of -either; "Good! Your answer is correct. M3
or "Incorrect " In either case " " pepresents a one or two sentence

description of the particular aspect of the occupation in question

The final stage in analyzi ng each of the three occupations is to g.ve the.
youngster an opportunity to replace the. occupation in question wi th another
which might appear to be more appealing to him after finding out something
about the originally 1isted occupation. . Replacement. then requires the student
to go through the same process of questioning with the new occupation an the
1isg. The student's Jcore on each five-item test, his total score, his score
on each of the five areas across the three occupations, and the number of
replacements he chooses to use are stored in computer counters for use later in

the program.
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'The, procedure continues after the student has reached the stage when he
is relatively satisfied with the three occupations finally listed. " The com-
puter then presents the following message via the CRT:
. "When a ninth géade'boy states what he thinks are 'p.os$1b1e ,
- occupations which he might enter in the future, he may be
indirectly indicating something about those kind of acti-
vities he 1ikes to do. Let us examine if you have shown
something.about.urSelf, in selecting the choices you 11 sted."
~ The computer proceeds to compare an interest profile developed for each
- of the three occupatiopsﬁisted based on a dichotomous scale (Significant/
Non-significant) of each of the ten Kuder Interest Inventory dimensions. Only

" those coincidences of three occupations having the same significant dimension

are noted for further consideration. If there are no cofncidences of three

occupations, the computer searches for two of three cn any of the dimensions.
- 0n the basis of fits search the computer then presents the following

message: | ' ) - | - :

"In selecting the three occupations which you have listed e
you have indicated that you may have a preference for / .

working with numbers and a preference for working with
machines and tools." . )

N

The student is then asked about each of théxareas of interest which M ‘
underlined in the message, one at a time. He is asked, "Do you \fﬁ"lnk you have
a preference for working with numbers?" After the student answers ‘yes" or
"no," the computer then verifies this answer on the basis of the student's

~ coded (Signifi cant/Non-significant) Kuder scores which have been stored. It

then feeds back information on the accuracy of the student's percéption. When
each of the interest areas have been presented , the student is then asked,
"Would you like to examine other occupations .which might be in 1ine with the
preferences you have expressed?’ \ :

If. the student answers "no" to that question he is asked to consult a NG
1ist of the ten preference statements of the Kuder, and to indicate 'his ‘major
preferences. These then are verified i the same manner as previously descri_bed.
A1l students should, whether they have answered "yes" or "no" to the question,

reach the next step of the program. That step requires the student to consult
Ve NG : '

L
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another 1ist which allows him to specify further those characteristics, if any,

'he wishes to impose on tho following selection Those possible characteristics

“inc) ude, =

s 1) Any One, two, or three of the nine aptitudes of the. GATB (. s.

Employment Service), listed by statements 1ike, "Ability to deal
accurately.and quickly with numbers," etc, Each of these apti-
tudes, if selected, by the student is verified in accordance with
the same pr:oc‘edures utilized in the verification of perceived '
interests. : '

2) Four areas of school "achievement (mathematics. language, science,
social studies). These also are veri fied -in accordance with

" previoysly described procedures. |
3) Educational level--college vS. non-college

. 4) Amount of physical activity involved in the work--much vs. some vs.

none. ‘

5) Primarily i ndoor or outdoor work. ) ‘

6) Salary Jefe‘ ' - '

For each of the 432 occupations in storage each of the characteri stics
above are coded in sume way. This feature allows the computer to access, based
upon the student's stated restrictions, 429 occupations min the number of
occupational replacements made by the student. Each of the ¥29-R occupations

.‘ which are identified by the computer are presented via the CRT to the student.

If five or fewer occupations are identified in accordance with the si:udent S
restrictions. the. computer will suggest that the student pick out the least
important characteristic he chooses, and elimi rﬁate it. At the peint where
five or more occupations have been presented to the student (plus the three
originally selected by the student) it 1s suggested. that the student may wish
to visit the 1ibrary, counselor' s office, etc., to uncover more information
about these or other occupations

The final phase of the program orients the student to focus upon the
characteristics he selected. For instarice, if he indicated no Jtitude area
as being important, he will be asked to select what he feels is. the most
important of the.nine abilities and to note the differences between the

' original 1ist of occupations and the new 1ist. He is asked to make some

-
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‘comment about. the difTerence'from a list of five statéments presented to him.
This technique is a1so used for the achievement area as well as educational
plans. .

Through the kind of experiences ‘provided for the student in this revised
program, it is hypothesized that he will develop a unique framework of the.
world of work as well as an operationa1 strategy in exploring his place in it.
For ninth graders. whose entry into the exploratory stage is imminent..jt seems
that such an objective is essentia1. and. should be an important determinant in
the p1anning and deve1opment of the tota1 ninth grade educationa1 program,

\!




[

e e a4

: e s g
e

; R
f&%%i;zﬁz
g v YR

& ¥

. 37 *3
‘ . . . ' ’ . ,. . "}‘
g ~ CHAPTER V.. - ' e
- SYSTEMS PROGRAMS , R
A ' o ) I ;’;
.Geometric Dictionary T | /". I | - B \*ﬂcﬁrai}ﬂ
" There are at least four’ advantages in using a geometric dictionary on the vfﬁfff}gé
'computer-controlled CRT display (Peloquin, l968) First, the geometric diction-.--;ri*i
ary uses less core storage than a graphic set, yet there is 'no limjt to the 'g;;f
number of 1ine drawings which can be made. Because the components of a di ction- ',5 ;f;
ary are small, they become more general and may be used in many di ffev;ent com- " ¥ .
‘binations. By analogy, a graphic set may be equated to a vocabulary of 64 =. v

words, while the geometri¢ dictionary may be equated to an alphabet of 128 " iy
letters. The geometric dictionary may be equated and used within various f 'i. _
courses thereby conserving core storage. Second, the necessity of ‘keypunching 'f?'HfL;Z
each and every one of the line drawings dot by dot s eMmihated. .Third, the - =g
geometric dictionary allows the author to construct, on-1ine, the; graphics for . *f‘ oy

-his course. This ability allows him to instantly see the Tine drawing as it is p‘}isgg

entered and make necessary changes or corrections. Fourth, words and 1ine ,-,;' t
drawings can be combined ‘without. the one column gap necessary when using a . {3 4“'J

: graphic set. ' . <:i
There are, of course, some- disadvantages as well The'geometric diction- ild;ii,

ary has been designed for’ producing moderate and large-sized 1ine drawings. /;9;“1172

- Except for some gross shading, such as- "blackened" areas and hachures, the - . i,;'i“

figpres produced with this dictionary have been only line drawings. Some conn 1 #sw‘f
straints are placed upon the drawing by the availabiltty and the nature of the ~
1ine segments. This restriction necessitates careful planning, but with the - 'v
help of the IBM 1500 Instructional Display Planning Guide sheets it does not ﬁ%
constitute a serious problem. Usually the addition of an extra character into. S
the dictionary or a bit of programing ingenuity uﬁll overcome problems in 45

4 .
* r

The geometric dictionary consists of line segments .entered ‘as- dictionary ’ .
characters vwhich may be.manipulated as such, Throughout this description the ~ ,f%

e

producing still or dynamtc 1ine drawings. . N T ag
Co . . : . . . . N f
General Description : : ¥ . 3 . [“ . ' L
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characters appearing on the terminal keyboard and on the CRT under the system
dictionary, whether letters, symbols, or numbers, will be referred to as
"associated keyboard characters." The characters containing the line segments
of the geometric dictionary will be refer-ed to as geometric characters , and
the 1ine parts contained within each of th'e‘geometric characters will be

: referred to as line segments, whether straight line segments, arcs, or special
characters. Since we are dealing with dictionary characters,” once the
geometric dictionary hfbeen called by a dictionary change the geometric
dictionary has all the operating characteristics and functions of the system
dictionary. A parficular 1{ne segmeﬁt 1s called and displayed on the screen

by entering the assogiated keyboard character in a display text (DT) or

display text insert (DTI) instruction. For example:

T .12,10///*1a222a*b*b78 a a a a a 78*b*aaaaa*e

After a dictionary change (denoted by *1) {s made, this instruction will

, d1splay the "a" as a horizontal straight line and the numbers "78" as the left
and right half of a small circle respectively. The backspace function (*b) has
been used to superimpose 1ines.

Procedure

Sketching .

: The procedure involved in the construction of a line drawing requires

! three steps: sketching, coding, and entering. First, a sketch of the line
drawing is made on an Instructional Display Planning Guide. The sketches -
should be rather simple and should be constructed of those 1ine segments that
the prbogramer knows are available in the dictionary. On the three pages fol-

‘} lowing this description of the first step are reference pages indicating the

| orfentations of the 1ine segments that are presently available to the programer.

; : .IF s recommended that these reference pages be reproduced in a transparent

,form in order that the programer may overlay the available line segments on

his sketch for comparison. The reader is reminded that each geometric charac-

i ) . ter may be used 1ndependently Thus {f the third (and middle) character of a

| . 30° 1ine is needed, 1t may be used independently of the other four geometric
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characters which make up the completed 1ine. If the programer cannot match his
sketch witn an available 11ne, “e should select the closest approximation and
revise his sketch accordingly. A limited number of special characters may be
inserted into the geometric dictionary {f the programer finds that their omis-
sion seriously handicaps him. Additional flexibility can be gained by the use
of the keyboard functions such as space, backspace, i1ndex, reverse index, and
dictionar'y change. Superimposition, offsetting by a half-1ine, the display of
text and geometric figures in juxtaposition or superimposition, the display of
oniy half of a geometric character, and shading are some facilities gained by
thp use of standard keyboard functions. With a 1ittle practice, the program&'s
familfarity with the 1ines available in the dictionary should grow to a point
where he will be able to produce sketches \michisgquire no lines that are not
already in the dictionary. In anticipation of the second step, the programer
may wish to make mental or written notes on the 1ine segments he fntends to use
in constructing the 1ine drawing. '

Coding
The.second step in constructing a figure with the geometric dictionary may
take place once the sketch in the: Instructional Display Planning Guide contains

no 1ines which are not in the geometric dictionary.
The two reference pages following, Figure 3, are used in the "short form"
of encoding. The reader should note that the associated keyboard characters
. are written beside, above, or below the geometric characters to which they
[ refer. One simply chooses the 1ine segment and geometric character he- wishes,
then encodes the associated keyboard character.
The use of the long form is not described here since simple 1ine drawings
can easily be constructed with the use of the short form. More complex figures
i requiring knowledge of every 1ighted dot within the character would necessitate
the use of the long form. g

- Entering
The third step involves the on-1ine entering of the coded 1ine drawing.
This step may, of course, be altered by entering the coding on cards. The

T
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\_,_g_!antage of entering on-line is that the programer may see the pordons of the

' presented.

\

A

EKC

Aruitoxt provided by Eic:

. drawing as he enters 1t. thus allowing him to correct or change the coding and
the drawing. . ' :

A Processor for Multiple Numeric Entries - ~

For the seGuential testing progrdin it was desired that a student be
allowed to respond to multiple chofce questions in the embedded tests by
stating his subjective probability of degree of belleF for each of the chotces
It was further desired that the of responding not be unduly
time consuming or unnecessarily restricted (in the range of format varfations
accepted. Due to the time factor involved following each student response on
the 1410 system, 1t was not desirable to have the student enter his subjective
probabi1ity for each choice separately. If the student was to be allowed to
enter his subjective probab’ilities ‘for all choices in a single response, there
were two possible ways of processing the response in which the information con-
-cerning the subjective probability for each choice would be preserved. A series
or "s}‘ck" of possible answers could have been provided in the program against
which to compar2 the student's response. However, because of the number of
combinations of subjective probabilities possible and the permutations possible
for each combination, it was impractical to employ this procedure.

The alternative pmedure (ahn and Brown, 1968) entailed evaluation of

each subjective probabi ity in the student's response when the individual pro-

babilities were themselves cowonents in a string of probabﬂities which made
up a single qesponse. No such capability exists in 1410 Coursewriter. The sub-
routine described here provided this capability and was employed in the pre-
viously referenced 1\ns_tructional i)rognn.
The.algorithm far the multiple entry subroutine is as follows:
1. the student's response is entered in' the form:
' XX, XX
XX, XX, XX, XX
or
XX, XX, XX, XX, XX

* 'where xx {s any two-digit number within the range 00 to 99 or the three-digit

number 100..

50
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2. An edit function deletes extraneous spaces, letters. and special

characters. :

3. A series of edit functions rounds the numbers in the student's
response to the nearest ten and converts the number 100 to 99.

4. The response s now in the form:

¥y, Yy
Y Yy XYY XY

or.
- XYY YYs YY YY XY

where yy is a member of the set of numbers (oo, 10, 20, 30, 40, 50, 60, 70, 80,
90, 99).

5. Response processing now enters a series of twenty-two (22) to fifty-
five (55) initial character function (ic fn) calls depending upon the number
of entries (2, 4, or 5) and the values of the entries. The infitial character

_ fynction allows one to compare n initial characters of a response and to
- include "don't care” characters (in this case $) which will match any single

character in the string of characters which is to be matched, i.e., "wild"

cards in poker.
6. The first set of initial character functions compares the first

" three (3) characters of the student's response with answers of the form:

yy
7. The second set compares the first seven (7) characters of the
response with dnswers of the form:
$$, yy

8. If only two (2) entries were required, processing basses to step 13.
9. The third set of functions compares the first eleven (11) characters

" with answers of the forwm:

R ITRATS ,
10. The fourth set compares the first fifteen (15) characters with
answers of the form: N\

| $$, 33, $$ayy
11. If only four (4) entries were required, processing passes(to step 13.




s

12. The fifth set of functions compares the first ninteen (19) charac-
ters with answers of the form: . /

$$, $$, $5, 8%, yy

13. Each time an entry was matched, its value (yy) was placed in a
counter corresponding to its original position in the total response. These
counters are now added together to see {f their total is one hundred (90 to

110 to allow for rounding error).

14. The entry with the highest value is loaded into couriter six (c6) and
a switch is set to indicate the original position of this value. '

15. Control §s returned to the main program.

With the the advent of the IBM 1500 fnstructional system and the extract
{nteger function (er fn) this same procedure can be implemented with fewer
statements and greater accuracy. A macro has been written to accomplish this

task.
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CHAPTER VI
RESEARCH STUDIES

Relationship Among Attitude, Achievement, and
_I_Et!fude asures aﬁ_ ’performance .

S ——————

Purpose _
The main objective of .the 1nvestigat13n (Wodtke, 1965) was to examine

relatfonships among academic aptitude, past achievement, and performance in CAl
to determine whether the results of previous {nvestigations can be generalized.

Methods and Procedures

Forty-five college students completed a section of a course in modern
mathematics which was presented by :means of cmuter-te]eprocessing. The stu-
dent terminal consisted of an IBM 1050 communications system consisting pri-
marily of an electric typewriter as an {nput-output devicé. The frames of the

program were typed out to the students at the typewriter, and the students

entered their responses by typing them at the terminal. Responses were evalu-

ated by the computer which kept track of the students’ performance by accum-
lating their errors and response latencies in counters. These error and
response latency data were later retrieved by means of a Student Records pro-
gram developed by IBM computer scientists. '

Each student was scheduled for 2 three-hour instructional sessfon. Upon

arriving at the CAI laboratory, each student was pre_-examined on his knowledge

of the content of the modern mathematics program. The student was then gfiven
the operatfon of the student

2 warm-up period to familiarize himself with the
tudent completed a section of

terminal. Following the warm-up per'iod. each s
ther than ten.
to 2 1/2 hours. The course con-

the modern mathematics course on mumber systems with bases o

Most students’ completed the course in about 2

tained tnstruction in base eight, base five, and base two number systems, and

transformations from one base to another. The modern mathematics course has
ent, and only a

ated by their

been found to be fairly difffcult for the average col ege S
Following completion off the course, students were

few students exhidit prior knowledge of the concepty as 1
performance on the pretest.
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given a criterion measure of their achievement in the course, and responded to
a number of attitude scales modeled after the Semantic Differential scales
(0sgood, Suci and Tannenbaum, 1957). The criterion achievement test was found
to have a test-retest relfability (one-week interval) of .93 1n an earlier
study by Wodtke, Mitzel, and Brown (1965). The attitude scales were designed
to measure the students' reactions.

Summary * ,

The results of the present investigation may bl summari.ed as follows:

1) The present results do not agree with the results of several previous
1nvestigations,wh1'cﬁ found nonsignificant relationships between achievement in
programed instruction and measures of general 1nt|'e11igence. Significant corre-
lations were obtained between Schol astic Aptitude Test scores and a criterion
measure of achievement in modern mathematics presented by computer-assisted
{nstruction. Although it may be reasonable to expect Qndividualized programed
{nstruction to reduce individual differences in student achievement in some
content areas, student performance in other content areas may depend on .'2q-
uisite skills and abilities which have deep roots in many years of previous
training. . '

2) Cumulative college grade point average was found to correlate signi-
ficantly with modern mathematics achievement level prior to CAl instruction,
but did not correlate significantly with post-instruction achievement level.
This result suggests that grade point average reflects the amount of prior
achievement, but is not a good.predictor of how much a student will learn in
short periods of instruction via CAL. .

. 3) The best predictors of student errors made during CAI were SAT-M,
SAT-V, CGPA, and response latency in that order. .The results suggest that the f
latency of a student's response might be used as a signal“to the computer to .
present remedial {instruction and thereby prevent the occurrence of an 1ncomc£
response. : . : _

8 A measure of the students' attitudes towards CAI indicated that
college students generally reacted favorably to the experience. However, men
tended to react more favorably than women, and,high-aptitude students tended
to react more favorably than low-aptitude students. '




5) Nonsignificant relationships were obtained between attitude towards'
CAl and performance in the course when the effects of 'apti tude were.partialed
out.

Scrambled vs Ordered Course Sequencing

Purggse
The primary purpose of this investigation (Wodtke, 1965) was to determine
the interaction between student aptitude and scrambled vs ordered sequencing of
fnstruction. {s study employed a fairly lengthy instructional program of - .
considerable difficulty for the average college student. The material used
involved the learriing of principles. ‘mathematical problem solving, and contained
a large number of sequential dependencies among the concepts taught. The

specific objectives and predictions of the experiment were as follows:

1) To determine under what conditions careful sequencing of instructional
programs "make a uifference” in student learning within the context of computer-
assisted instruction. Following appropriate hypothesis tests, it was pre-
dicted that scrambled item sequencing would have a detrimental effect on stu-
dent learning in a velatively lengthy, difficult program containing many
sequential dependencies among concepts, e.g., when the mastery of some concepts’
and principles are prerequisite to the mastery of other concepts and principles

2) To determine whether scrambled as compared to ordered {tem sequences
have a differential ,effect on students of high- asicompared to low-verbal .
aptitude. An aptitude by sequencing interaction effect was predicted. ' Scram-
bled 1tem sequences were expected to have a more detrimental effect on the
learning of low verbal ability students than on the Tearning of high verbal
ability students. It vas thought that students of low-verbal ability would not
have the conceptual skills required to reorganize the scrambled material.

Methods and Procedures

The course used was a section of a modern mathematics course ‘mich had.
been developed for CAl by the staff of the Computer Assisted lnstruction Labora-
tory at Penn State. The material selected conuins {nstruction on the use of




number systems with bases other\han ten. This learning task offers the
advantage of being relatively difficult for college students to learn, and the
material is unfamiliar to most students. The ordered version of the program
presents subsets of items in the follawing sequence: réview of the base ten
system; the concept of place.value; the application of the concept of place
value in base efight, base two, and base twelve number systems; transformations
from one base to another; addition and subtraction in numbers systems with
bases other ‘than ten; and multiplication and division in ‘number systems with
bases other than ten. Previous experience with thesé course materials indi-
cated that most undergraduate college students could complete instruction in
approximately two and one-half to three hours with a mean error rate of about
fifteen percent. '

Fifty-one undergraduate students in an educational psychology course at
Penn State served as the Ss in the investigation. Ss with absolutely no pre-
vious typing experience were not included in the study. Two Ss were eliminated
because a modern mathematics pretest indicated they had previous knowledge of
number systems with bases other than ten. One other S was eliminated because
his scholastic aptitude test scores (SAT) were not avaﬂable. ‘These elimina-

'tions brought the total number of Ss to 48.

Subjects were then subdivided into high- and low-aptitﬁde groups on the
basis of their scores on the verbal Schotastic Aptitude Test (SAT). The meag
of the high group was 612 and the mean of the low group was 534 (SAT employs
standard scores based on a mean of 500 and a standard deviation of 100). The

‘original plan of the 1nvestigation was to assign Ss within each of the Mgh
- and low aptitude groups at random to the scrambled or ordered instructional

treatment condi{ ti‘ons.\ Although approximately half of the Ss were assigned to
treatments at random, the random assignment of a large number of Ss had to be
altered due to a number of programing "bugs” which developed at the last
minute in the scrambled sequenfe program. For this reason, & largér number of
Ss who were scheduled for the early experimental sessions were run'in the
ordered sequence condition, and a. larger number of Ss scheduled for the later
experimental sessions were run {n the scrambled sequence condition. The
investigator had carefully exuined the two groups of subjects and in spite of
the nonrandom assigmnt of some of the Ss, can ﬁnd no selective factors which
could account for the results obtained in the study. )

P
o6




The dependent variables of the study were cri terfon test performance,
errors made in the program, total. time taken to complete the program, mean
response latency per frame, an efficiency score obtafned by taking the ratio
of criterion test performance to instructiona‘I time, and measures of the stu-
dents' attitudes towards CAI. The data” were analyzed by means of a two by two ' P
factorial analysis of variance design with unequal numbers of cases par subcelly 3}3} J
One experimenta‘l factor consisted of high versus low apti tude, the other of X
scr’h‘led versus ordered program sequence.

Resul ts ts )

‘A pre‘liminary ana‘lysis indicated that a‘Ithough the high- and low-aptitude
_ groups differed significantly on the verbal SAT measure, the scramb‘led and
’ordered sequence groups did not differ significant‘Iy in verbal ability as
measured by the SAT." In add{ tion, an analysis of quantitative SAT scores pro-
duced nonsignificant differences among the four treatment groups employed in
the ‘study. . N .
The distributions and the variances within groups of the dependent var{-
ables were examined to detennine whether- the assumptions underlying the analy-
sis of varfance had been met. None of the distributions appeared to deviate
substantially from normality. Hartley' s‘ﬁaximun F-ratios were computed to test
the assumption of homoggfieity of variance. A1l of the F-ratios were nonsigni-
ficant except one. The F-ratio for the efficiency score was significant at:
" Tess than the .01 level indrating the presence of heterogeneity of variance
for this varfable. In view ‘of the resu‘Its obtained by other researchers who v};,r, __
found that heterogeneity of variance did not serious1y bias either the t-test . ."7."7‘
or F-ratio, the neterogeneity of variance for the efficiency-scare céuld not -
have serfously biased the results obtained in the present study. . .
In genera‘l, the resu‘lts of the analysis of the main dependent varfables 4. aZ%
of the study confirmed the initial expectations. The results indicated that g8 4
students in the scrambled sequence group made significantly more errofs during . A
instruction than the students in the ordered sequence group (P < .001).. Since '

the students.in the scralnbied sequence group were more likely to enc/ounter | ,, &"*
remedial segments of the program (due to their greater tendency to make errors), ; ',x.

~ than the students in the ordered group, the scrambled sequence group actuai‘ly . ~
! o < '?;"‘ . ’

°
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responded to more questions than the ordered Sequence group. The differences
obtained in the total frequency of errors might have resulted from the fact
that the students in the scrambled group simply responded to more questions
and thus had more oppor'tunjty to make errors than the ordered group. To
control for this poscibility, an analysis was also cemputed based on percent
error scores. This analysis indicated that students in the scrambled sequence
group made a significantly greater percentage of errors than the ordered

" sequence group. In spite of the highly significant sequencing main effect for
frequency and percentage of:errors, the sequencing main effect for the crite-
rion test score was nonsignificant. Considered together, these results indi-
cated that although the scrambled sequence students made significantly more
errors during instruction than the ordered sequence Ss, they apparently
improved their performance during instruction and, by the end of the course,
they performed appreximately at the same level as the ordered group on the
‘criterion measure, '

The data indicated that the predicted aptitude by sequencing interactions
were obtained, The interactions for frequency of errors and the criterion
measure were both very close to significance at the .05 level . "However, the
interactions which were obtained for several criterion variables did not
result from‘ a decrement in the performance of the low-aptitude group in the
scrambled program as precicted, but from a decrement in the performance of the
high aptitude Ss in the scrambled program. The results of the present study
support the conclusion that scrambling an instructional program has little or
no effect on the performance of low-aptitude students, but produces a rather
marked decrement in the performance of high-aptitude students.

Rote Rule-learning on Transfer of Tra’1n1ng

' Major 0b;ject1ves

1) By means of an experimental baradigm which simulated a common class-
room teaching sequence, the study attempted to demonstrate the detrimental |
effects of adding rote rules-of-thumb to instruction designed to facilitate
basic understanding and transfer of training.

08
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2) The study also compared the effects on transfer of two rule practice
sequences, one in which the rule was givev/jfter instruction but before a
practice segment, and another in which the rule was given foilowing both
instruction and practice (Logan and Wodtke, 1966). (See Tatle 1 for the
sequence of experimental events.)

Table 1

Experimental Sequences

Condition 1 (No-rules) Condition II (Rules-early) Condition III (Rules-late)

Pretest Pretest | Pretest

| -

Basic Instruction: Basic Instruction: Basic Instruction:
Significant Figures Significant Figures Significant Figures
in Multiplication in Multiplication in Multiplication

Practice Problems Rule Given for .f Practice Problems

Multiplication l

T‘ransfer Posttest: Prdctice P;'oblems Rule Given for
Addition and Multiplication

Trigonometry 4 l

A 4
Transfer Posttest: Transfer Posttest:
Addition and .
Trigonometry

~
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1 | This comparison was designed to test the hypothesis that the addition of

i - a rote rule-of-thumb to an instructional program whkich strives for under-
standing will, 1f it comes before the studént is given a chance to use his

basic understanding in practice problems, produce a decrement in performance

‘; ‘ on transfer tasks.

_ . Another phase of the investigation examined the hypothes's that a condi-

, tion in which a rule was cjiven before practice would have a more detrimental

effect on transfer than a condition in which the rule was given after practice.

This hypothesis was based on the supposition that students would, 1f given the -

rule before the practice problems, practice using the rule, and would not

exercise the problem-solving strategies.developed in the basic instruction. On

the other hand, students who did not have the rule available until after the

practice session would be forced to solve the practice problems using the under-

standing of significant figures which was developed by the basic program. This

hypothesis was not confirmed. ’ )

Conclusions

1) The presence of a rote rule-of-thumb 1in xan instructional sequence
designed to facilitate transfer to problems which were not specifically taught
in the program, and to which the rule did not apply, produced a marked decre-
ment in performance on the transfer tasks. The decrement on the transfer tasks
was obtained by comparing an ‘1nstruc.t10na1 program containing a rote rule-of-
thumb with an identical program containing no such rules. The transfer decre-
ment occurred in spite of the fact that the studenfs were given a didactir
warning indicating that the rule would not apply on the transfer problems. The
results of the study indicate that didactic verbal warnings to students have
little effect on their behavior in an actual transfer situation. The authors
believe: that the results of the present study are fairly typicé] of actual
classroom teaching practice,- and that much more care should be taken in pre-
paring instruction which involves the use of ‘rules-of-thumb in problem solving.

2) the present results indicate that it makes little difference whether
the rule-of-thumb precedes practice or follows practice. In either case the
presence of the rule inhibits performance on transfer taisks_ when compared to a
group taught without the.use of rules. For example, if one examines the

»

/
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_ percentage of naive students in each experimental group which reached "mastery"
on the addition transfer tasks, mastery being defineu as perfect performance,
one finds that only 20% of the rule-late group, 20% of the rule-early group,
but 75% of the no-rules group reached mastery!

3) A supplementary examination of the responses made by the students in

_ the transfer tasks indicated that the poor performance of the rule-groups
resulted to a considerable extent from their misuse or overgeneralization ’of .
_the rule. .The misuse of the rule occurred even though students had been warnad .
several times concerning the inapplicability of the rule to the transfer situa-
tion. ’

The writers do not take the present results to indicate that computational
rules or algorithms should not be included in quantitative 1nstructjon, but
only that teaching Students to use such rules appropriately requires special
instructional procedures which are frequently omitted in actual practice. The
apparent tendency of students to overlearn a simple rule-of-thumb at the expense

- of their basic understanding of the processes involved would seem to indicate
that much more care should be taken in the preparation of instructional
materials designed to produce basic understanding and transfer of training.. The
results of the present study are probably mosi easily interpreted as a case of
the students' failure to discriminate problems in which the rule abph‘es from

- problems in which the rule does not apply. Perhaps the optima. instructional

program would provide the basic understanding, useful prob]em solving rules,

and the discrimination training needed to help the student avoid instances of
rule misuse. Most instructional situations do not provide the discrimination
training necessary to reduce the frequency of rule misuse. It is quite evident
in the present results that this objective is not achieved by simple didactic
verbal statements. As a general recommendation for teachers in quantitative
subjects, 1f simple rules-of-thumb are to be taught, much discrimination
training in the use of the rules will probably be necessary in order to avoid.
the students' tendencies to blindly apply the rules without regard to the
appropriateness of the situation.

Although one might presumably argue that the present results 1nd1cate

that rules-of-thumb should be avoided in guantitative ins truction altogether,

there are obviously many problem solving situations in which such rules have
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great utility. Ideally, a student should be able to capitalize on the

" {ncreased efficiency provided by the.ruies in problem solving, but he should.
also be able to select the appropriate rule for a particular problem, and be
able to rely 'upo'n his basic understanding of the processes involved when he

recognizes that no existing rule applies.

Educational Variables
Purpose

The primary purpose of the p'resent study (Gilman, 1966) was to compare an
instructional program prepared by means of IBM's Coursewriter language for CAI
presentation with a more conventional programed text. The feedback, prompting,
and correction procedures available 1n' the Coursewriter language were expected
to produce increased student motivation, attent1on,' achievement, and retention
over time. The branching and decision-making capability of CAl was not examined
in the present study. ' ’ .

Method

Subjects. The subjects were 66 ninth and tenth-grade students in the
college preparatory curriculum at State College Junior High School. All were
naive with respect to educational experimentation procedures and none had
received instruction in physics. A1l Ss who began the experiment completed the
experiment.

Design. Subjects were randomly divided into three groups. The randomiza-
ti'on was accomplished by the use of a well-shuffled stack of student data cards.
Ss were pretested with the ten-question pretest. No _S_'answered more than 3
questions correctly and most answered all responses incorrectly. '

Two of the groups received instruction by CAI programs. The .first of these
(CPF) received contingent feedback and prompting and students were required to
answer the item correctly before proceeding. The second group (KCR) received
instruction by means of a CAI program pr6v1d1ng a statement of the correct
response. The third group (text) received instruction through a programed text
containing material and feedback .identical to that of the KCR program. In all
three groups, the instruction was completed in a s1n91e“1esson.
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A1l instruction was "stand alone" instruction in that no other instruction

was provided other than the programed course. There were no difficulties with

any of the equipment used-during the experiment and the CAI groups experienced
no down time or delays. '

-

,(C'onclusions

The major conclusions of the study may be summarized as follows: -

1) No differentes in learning and retention were obtained for a CAI pro-
gram which incorporated response-contingent feedback, prompting, and overt cor-
rection procedures on the part of the student when compared to a CAI program
which simply typed the correct response following a student response and pro-
ceeded to the next frame.

2) No differences in learning and retention were obtained for a condition
in which an instructional program was administered.by a fe]et_ypewriter communi -
cation device as compared to a condition in which the material was presented by
means of a programed text. '

3) The conditions-in which instruction was presented by a CAI communica-
tion device took significantly more instructional time than the programed text
condition. , .

The. results of the present study appear to be consistent with the results-
of Swets (1962), Swets, Harris, McElroy, and Rudlow, (1964), and Stolurow and
Davis (1960). Shurdak (1965), however, employed an instructional program which
contained branching to adapt to the individual learner, diagnostic and drill
ques tions, and _cqmputgr-»controned and optional review. Shurdak's more
adaptive program probably accounts for the superiority of his computer-based
instruction group over programed and conventional text groups. The present
study did not examine the branching question, but only compared different
strategies for correcting student errors and providing feedback to the learner.
The present findings bear on the question of the nature of feedback and cor-
rection procedures. These results tentatively suggest that less elaborate and
straightforward feedback and correction procedures may be as effective as the
more elaborate prompting, response-contingent feedback, and overt correction
procedures. '
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Typewriter Interface ' | 2

Nature and Purpose
of the Study \

For individuals not familiar with CAI term1nology, the term interface
(Wodtke and Gilman, 1966) refers to the input and 6utput devices through which
the subject matter is presented to the learner and through which the learner
makes his response. The interface might include auditory coomunication devices,
visual communication devices varying in sophistication from simple slide pro-
jectors to CRT displays, two-way typewriters of the type currently (circa, 1966)
in use at Penn State, etc. -

In discussions of the interface between student and subject matter in CAI,
the typewriter usually draws a substantial amount of time. Some of the disad-
vantages which have been attributed to the typewriter interface are '"penalizes
the nontypist," "inappropriate ?or use with young children," "too slow in trans-
mitting 1nformétion to the student," etc. . Some of the advantages ascribed to
the typewriter interface have been "provides for constructed response,” "permits
remote teleprocessing,” "provides hard-copy for the student,” and so on. Some
of our preliminary research raises some questions concerning the efficiency of
the typewriter interface. |

Several studies are presently Being conducted on various problems related
tb individualized instruction. Two of the studies provide preliminary data on
the efficiency of the typewriter as a communication device for high school and
college level instruction. Table 2 presents part of the data of one study
which compared equivalent instructional materials presented'"on-line"] and
"off-1ine" in the form of a programed text. This comparison is shown in rows
A and B. Row C contains a condition we call a "linear coursewriter" program
administered "on-line." This program differs from A and B in that each frame
contains several prompts and cues designed to elicit a correct response from a
student who initially makes an error. Condition D, a branching coursewriter

, ]"On-line" in the present context means that all instruction was taken via
CAl at the typewriter interface. "Off-1ine" means that the course was taken
in the form of a prugramed text.
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Table 2

Comparison of Mean Posttest, Retention Test, and
Instructional Time for On-1ine and O0ff-1ine
_ : Instruction in Technical Physics
. (High School Student Sample)

i
gt
-

>

Mean
Instructional
Pretest Posttest 6-week Retention Time (iminutes)

(A) Linear Programed
text (off-1ine) :
(n = 22) 1.06 20.6 17.0 42

(B) Linear Programed
text (on-1ine)
(n = 22) 1.09 20.0 15.3 ' 52

(C) Linear Coursewriter

Program (on-11ine)
(n = 22) 0.91 21 9 17.9 68

(D) Branching Coursewriter
Program (on-11ine) - - ' - -

n. s. n. s. n. s. P <.001

program, was included in Table 2 to indicate the direction of future research.
Through condition D we eventually hope to prodhce a program which adjusts
instruction to relevant individual differences among learners to produce maxi-
mum achievement in a minimum amount of instructional time. The subjects in the
study were high school students. The instructional program was relatively
"ronverbal," consisting primarily of short questions and verbal communications

Table 2 shows that although the posttest and retention scores were non-
significantly different for the three groups, that the variations in instruc-
tional time were highly significant. The time lost by administering the same
material via the typewriter interface was 10 minutes. (If two extreme subjects
are eliminated from the "off-1ine" group the mean time drops to 35 minutes.)
Comparing conditions B and C 1nd1cates‘tﬁa€ we lose another 17 minutes by
adding prompts and by requiring the student to produce the correct response by
typing it into the machine.
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Similar data from another study using a small sample of college students
and a-program with longer typed questions and messages obtained a mean time
"off-1ine" of 51 minutes (n = 8) -and a meen time "on-1ine" of 80 minutes
(n = 7). Several of the students in the "on-1ine" group took a short five-item
pretest and five-item posttest which is included in their time, however;'an
adjustment for this additional activity still leaves a rather substantial time
difference.

These time differences can be reduced to some extent by programing to
eliminate a number of typewriter carriage returns which are currently built
into our programs (each taking approximately 1.3 seconds). The time differences
may also be reduced after students have had more experience working with the
typewriter terminal and are able to operate it more rapidly. However, some.
portion of the time loss is undoubtedly due to the large difference between
the typeout rate of the typewriter (approximately 120 words per minute) and
the reading speed of the typical high school or college student. "The average
highly verbal student appears capable of assimilating information at a rate
considerably faster than can be communicated to him through the typewriter
interface. Obviously the instructional time lost will be greater for subject
matter which is highly verbal in nature, and for highly verbal students. It is
impossible to estimate the exact extent of the time loss for different subject
matters at the present time. Admjttedly, our data require replication with
larger samples of students and different subject matters. However, in an area
of research where instructional manipuldtions generally produce only small
gains in student achievement, a time loss of the order of 25 percent represents
a substantial amount. Students could be given 25 percent additional practice,
instruction on new matek1a1, practice on transfer problems, etc. In addition
to the gains in student learning which might result from a more efficient use
of instructional time, there are also economic considerations in the cost of
computer time, tie-lines, and other "hidden" costs involved in the preparation
of the courses. All other things being equal, by employing an interface which
would increase the amount learned per unit of time by say 25 percent, four
students could be taught for every three taught by means of a typewriter.

It is also important to realize that from the college student's point of .
view, learning at a typewriter terminal is not self-paced instruction since he

bb
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must slow down his normal rate of wark . Pacing 1nstruction below a student's
optimal rate could produce boredom, negativism, and avo1dance of CAl as an
aid to learning. This is not an.uncommon f1nd1ng when the pace of c1assroom
instruction by the lecture method 1s too stow for the br1ghter students. .

What are the poss1b111t1es for speeding up instruction using a typewriter
interface? We have cons1dered the poss*bt11ty of putting all lengthy, typed
communications, and possibly all st muius materia]s on slides for more rapid . _
presentation to students. Two factors weigh aga{nst this proposal: a) the,
slide production and duplication problem becomes immense for any full length |
course used with a number of students simultaneously; b) the presentation of
questions, problems, and other messages-t a the stide projector leave the stu-
dent with no hard-copy as a record of his work. ‘It would be mucH_simple?'to
put all course materials in a display book and use the typewriter solely to. _ .y
direct the student to a particular question, prob]em,'or'display, and as a | |
response input device. Following this strategy, the CAI system'would not be
used to display instructional material, but to evaluate student responses and
to refer the student to appropriate display materia]s'according to his p}ogress
in the course. o '

Another question which is frequently raised concerning the typewriter
interface is the extent to whtch typing ability affects student performance. ' *
In the first study described above ‘students were 1dent1f1ed as typists or non-
typists on the basis of interview data. A comparison of the posttest achieve-

ment and retention scores of typists and nontypists showed no statisticaliy R
significant differences. This finding is not sdrprising since the responses | R |
required in most of'our programs are relatively short one-word or at most two- . ”3;
word responses. However, as might be expected, typing ability does appear to ‘;?
relate to the time variable particularly when the program requtres’much~1nter- f:*;

action between the student and the subject matter through the typewriter inter-

face. Table ‘3 shows the mean times for typists and nontypists in programs B fﬁ
‘and C. Program B was the linear program which required only one response per :#wi
frame; program C was the course which was programed to anticipate student ':t
errors, and to elicit a correct response by ‘means of successive prompts The ;}f
K}

time difference for typists and nontypists was 2 minutes on the average far
program B, and 12 minutes on the average for program C. ' _QQ,

6’7 C ) LYy
‘. . L8
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Table 3

‘Typing Ability and Instructional Time (in minutes)
at the Typewr{ter Interface

A Program B Program C
= 14 o n=10
Typist Mean Time = 51 Mean Time = 64
_ _ n=28 . n =12
Nontypist Mean Time =53 _  Mean Time = 76
‘.Tentative Conclusions ‘ (

' 1) On the ‘}nasis of preliminary evidence L-e two-way typewriter does not

~ appear to be the most effi/cient interface for transmission of highly verbal
information to highly verbal learners. The typewriter interface transmits
information at a rate considerably slower'than the reading rate of typical high
school or college students.

2), The typewriter interface would seem to be wmore appropriate for rela-
tively nonverbal content areas and for students who normally work at a fairly
; slow pace. \ . - '
“3) The typewriter in CAI might be used more efficiently as a response
entry device rather than as a device for communicating the-subject matter.

4) The typewriter interface has the advantage of remote teleprocessing and
makes avajlable a printout of the instruction for the student.

5) Perhaps the optimal interface for highly verbal material, and highly
verbal learners will be a rapid visual display device such as the CRT, with
remote teleprocessing capability, and the ability to store, and later print out
at the request of the student, a record of his exercises and actual responses.

- —_— -
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Gradient- and Full-Response Feedback
Tn Computer-Assistad Instruction

Purpose \
It is appropriate to scrutinize the particular characteristics of a given
system to determine whether or not there can be or is tmprovement in learning.
Many of these characteristics or variables cannot be judged in terms of pre-
“vious experimentation in the field of educational psychology because they exist
only in CAl. Further, studies conducted in lahoratory situations cannot be
readily tr'arisfurregi to an educational environment. This study (Hall, Adams,
- and Tardibuono, 1967) attempted to remove one learning experiment from the .
artificial world of animal laboratories and nonsense syllables and to place it
in an educational context

Method

Programs were written for investigating the effectiveness of these two
kinds of feedback - gradient- and full-response feedback. A paired-associate
learning task was employed using fifty pairs which the student learned. The
- fifty state names of the United States were preseriteg as stimulus items, and
the student learned to respond with the names of the capitals. The {1tems were
presented individually, in random order, to the student at thk typewriter
terminal. If the student responded correctly (acquired) on his first attempt
to that stimulus, it would be dropped from the program. The program recycled
until each student had responded correctly on his first attempt to each of. the
items duri ng one cycle. . The number acquired on the first cycle through the
program was used as a pretest score. After the student acquired each of the
fifty paiés, the entire 1ist was presented as a posttest. A retention test was
administered to each siudent two weeks after the initial treatment. The pro-
gram for each of the experimental treatments contained the following features:

1. A list of warm-up items consisting of five foreign countries

presented as stimuli and their capitals as response items.

2. A typiﬁg test which recorded the student's time and accuracy 4
in typing an alphabetic sentence consisting of 74 computer
- characters.
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3. A progress report to the s tudent after each cycle consisting

P of:
a. total number of responses;
b. total number of stimul{i presented; '
c. total number of {tems acquired;
d. total response latency;

e. current clock reading.

4. An automatic S5-minute break approximafe]y halfway through
' the task. - \

5. An automatic connection to a system-administered student
opinion survey {SOS) regarding CAI. \ "

Subjects.

On the basis of variability data collected during a pilot study, it was

estimated that a minimum of ten subjects in each experimental group would be
‘neefed for statistical purposes. A total of 24 students from. the Wi1liamsport
Area Community College and the Altoona Campus of the University were included
in the study and wer_e' randomly assigned to the experimenta‘l treatments.
Proctors who administered and supervised the students at these locations were
given y’spe'cific instructions to read to the students participating in the study.
, CAI prbctors from the two campuses solicited vo‘anteers to participate in
’ the experimental study. The students were told that the study would require a
! maximum of four hours and that they would be paid a flat rate of $5.50 regard-
less of how much actual time 1t took them to complpte the study. The students
were randomly assigned to one of the experimental - treatments. The proctors
assisted the students with the initial registration procedure. The students' T
typeouts were returned to the course authors for arialysis.

- The following summarizes the variables and their ‘parameters which were of

concern in this study:

1. Pretest‘:‘, posttest, and retention tests: all contained“ the same
items--the names of the 50 states of the United States with a
possible high score of 50 and a possible low score of 0.

2. Total number.of stimuld presented: fifty stimuli (state names)
were presented to each subject on the first cycle through the

- ' . material. Thosé to which he responded correctly on his first
attempt were not presented again. Those to which he responded

1 incorrectly were retained and presehted again during the next
cycle of the program. The minimum number presented was 50; the
maximum was unlimited, determined by each subject's perfornfance.

”
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i S 3. Total number of responses during instruction: each time a stimulus
' was presented a response was required from the subject. Feedback

. was presented after each incorrect response and additional responses

. . were required until the correct response was made. The minimum

number of responses was 50; the maximum was unlimited but based qn

each subject's performance. : )

4. Total instructional time: includes the elapsed time from when
thg first item was presented until the final correct response was
made. - : '

5. Student opinion survey: a 20-item multiple choice questionnaire.
| Each response was weighted froi five to one to produce a maximum
‘ score of 100 reflecting a strong favorable attitude toward CAI .
or a minimum score of 20 reflecting a strong negative attitude
toward CAI.

6. Response latency during instruction, posttest, and retention test:
After each stimulus item was presented a green PROCEED 1ight turned
R on. The PROCEED 1ight remained on until the subject pressed the
, EOB key to record his response. The time interval that the PROCEED )
1ight was on was recorded as the response latency for that item.
) . The sum of these intervals was the total response latency accumu-
- lated during instruction,  the posttest, and retention test.

*

Findings
There was very little differencé in the two treatments based upon all of
- ~ these criteria except total instructional time. 'Although there is some differ-

ence. in the total number of states presented, there is virtually no difference
in the total number of responses made Jin each experimental treatment. This
" means that in the gradient feedback tfeatment the student was responding more
often to the same stimulus, but it was not necessary to present the stimulus as
often as was required for the students in the full-response feedback.‘prograﬁ.
An adjusted analysis of variance using the pretest scores as a covariant
was performed.on total instruction time. The pretest correlated -.847 with
total instructional time. The analysis produced an F-ratio of 15,3 which was
significant beyond the .01 level. | For the ana]ysis of the posttg%t data, the
pretest scores and the typing scores were used as covariants in an analysis of
covariance. A Kuder-Richardson formula 20 reliability estimate of .725 was
~ found for the posttest. The pretest correlated .468 with the p(d‘sttest; the
typing test correlated .403 with the posttest. The adjusted analysis of
variance for the posttest scores resulted in an F-ratio of le,s/s than unity.

4
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An adjust.éd analysis of variance was also performed on the retention test
scores (Kuder-Richardson formula 20 reliability estimate of .893) using the
posttest and the typing test as covariants. The posttest correlated .675 with

‘the retention test, and the typing test correlated .592 with the rétention test. /
“This analysis resulted in an F'-rgtio of 1.44, not significant at the .G5 level.

Conclusions

Although the treatment comparisons did not show statistically significant
differences in learning, there was a very strong difference in instructional
time for the two treatments. The response latencies also show rather striking
differences between the two treatment g}'oups and hold some promise for directing
future research. The antic_ip'éted advantage for gradient feedback over.full-
response feedback did not materialize in ‘this study. We are well aware that
additional investigations will be required before discardihg the theoretically .
sound idea of providing learners with a graduated feedback. - |

Because of the problems encountered with )remoté locations it was not con-
sidered advisable to engage in further statistical analysis of the data although

- they do suggest a trend. }‘Sﬂ‘bermgn, Melaragno, Coulson, and Estavan (1961)

conjectured that some measures such as response latency are more appropriate
than error rate for making certain de’cisions/fﬁithin'a program. Postman and
Egan (1949) point out that reaction time remains a sensitive measure of the
readiness of an organism to respond. .Using data of this kind has always been
a difficult process because of the technical problems 1nvolvgd in measuring
response latency and feeding the information back into the operating system for
decision-making purposes. However, with the development of computer-assisted

instruction and the speed and flexibilities of such s§stems, this: information

is readily available and can easily be used for making such decisions. It is
the intent of the authors to continue investigating these variables which seem
to hold promise for improving learning with computer-assisted instruction. s
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e

A Comparison of the Effectiveness of Five Feedback Modes
1n F Computer-Assisted Adjunct Auto-Tnstruction Program

Rat1ona1e

Intuitively, it seems probable that the correction of errors in a program
should be beneficial to the student and that an efficient mode of feedback for
correcting errors can be developed. This study used materials designed to teach
widely misunderstood general science concepts (Gilman, 1967). Errors made by
the subJects::occurred as a result of misconceptions they had acquired in pre-

- vious conventional instruction. It was thus possible to correct Ss' errors

without teacking them erroneous material and without 1ntent10rially tricking

‘them into committing errors.

Subjects

Subjects for the study were 75 students in teacher .preparation curricula
(science teaching excluded) at The Pennsylvania State University. Ss were

‘students 1n audio-visual classes and had no previous experience with computer-

assisted instruction.

Materials

An adjunct auto-instruction program was prepared to teach commonly mis-
understood general science concepts. The frames of the program were multiple-
choice items. One.response to each item was a correct response, one response

to each ftem was a common misunderstanding of the concept, and the other two

responses were plausible distractors.
The program caused all of the items to be presented on the first iteration
and all items missed on the first iteration to be repeated on the second iter-

ation; all 1tems missed on the second iteration to be repeated on the third

iteration, until the subJect had answered all of the items correctly. Crite-
rion for the program was a correct response to each of the thirty items.

Procedure

"~ Seventy-five subjects were assigned to f1fteen strata on the basis of
scholastic aptitude examination scores. Five Ss in each strata were randomly
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assigned to one of five treatment groups: a) no feedback; b) knowledge of
results feedback; c) krowledge of correct response feedback; d) response

contingent feedback; e) a combination of b, ¢, d feedback.

Independent Variables

Analysis of variance performed on data obtained from the scores of Ss on
The Pennsylvania State University Scholastic Aptitude Examination (obtained
from University files prior to the study) showed no differences between' treat-
ment groups at the .05 level of sigqif'lcance. Anaiysis was made of the correct
response scores attained by Ss immediately following the first iteration of the
30-item program (the pretest). No sign'lficant differences were foundlamong
treatment groups. -

From this evidence, it may be concluded that there were no d'lfferences
among the treatment groups with respect to scholastic aptitude, or to prior
knowledge of the concepts. -

Rate of learning. In terms of the results obtained dur‘lnq the second
iteration and during the time spent by Ss to reach criterion, there were stron& '
indications that Ss who received feedback guiding them to the correct response
were learning more effectively and performed better than d'l.d those who were
forced to "discover" the correct response. The means of groups C, D, and E are
significantly better at the .01 level of significance than those of groups A
and B on the following criteria: |

Number of correct responses to second iteration of program

Number of responses required to attain criterion

Number of iterations of program required to attain criterion ¢

Accumulated response latencies on second iteration of program

These results and their level of 's19n1f1cance clearly indicate some of the
advantages to be gained by instructing students with a feedback mode that guides
them to the correct response.

The results of these comparisons indicate the value -of providing informa-
tion to students during a programed instructinn sequence. The findings are in
agreement with those of Holland (1965) who concluded, after analyzing several
studies, that if a student does not know the correct answer, he might as well be

told it.
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However, Klaus (1965) in describing the point of view of those programers
using the knowledge of results technique stated that they found no advantage
in showing the correct answers to learners who provide incorrect responses.
Klaus states, "Simple substitutes, such as the statement, 'you are correct’
should prove equally effective as a confirmation of the correct answer." In
other words, Klaus holds that the appearance of a correct answer serves as
reinforcement only when the response is correct; otherwise, the response 1is
wasted.

The poor results demonstrated by the knowledge of results feedback group
(Group B) in the present study raise questions as to whether this mode of feed-
back is adequate for an adjunct auto-instructional program. Most of the studies
involving adjunct auto-instruction have utilized knowledge of results feedback
and have only informed the S whether his response was correct or wrong. This
type of feedback has been utiiized in many types of teaching machines. Data
from the present study, however, indicate that providing a student with a state-
ment of which response was correct, or providing him with a statement of why
the correct response was correct would be of more value than merely telling
him "correct" or "wrong."

From the analysis of the means of all of the variables in this study, it
is 1nterést1ng to note that there was little difference between the means of
the knowledge-of-results feedback group and the no feedback group. In none of
the varfables analyzed was there a significant difference at the .05 level
between means of groups A and B.

In the comparisons cited in the first part of this section as being indica-
tive of the advantage of using a feedback mode which guides the S to the cor-
rect response, there were no significant differences between groups C, D, and
E. Apparently the factor which accelerated the learning of Ss was "being
informed as to which response was the correct one." In all of these compari-
sons, however, the mean of Group E, the combination of feedback modes group,
was only slightly, but not significantly better than the means of groups C and
D, and in .all cases, significantly better than the means of groups A and B.

This finding is contrary to those of Swets and his co-workers (1962) who found
that "fairly extensive feedback may be.detrimental.” However, Swets et al. used
a small step programed 1nstructiona1‘ sequence which resul ted in few response

errors.




“he findings of the present study are in agreement with those of the pre-
viously cited study by Bryan and Rigney (1956). Although Bryan and Rigney
found response contingent feedback to be superior to knowledge-of-results feed-
back, they made no comparison of these feedback modes with knowledge of correct
response feedback.

The results of the present study clearly demonstrate some of the ineffi-
ciencies of using a "discovery" approach in teaching facts or concepts by an
auto-instruction program. Those Ss who were required to discover the correct
response demonstrated poorer performance than did those Ss who were merely told
the correct answer. “

Time required for instruction. The results from the time required to com-
plete the first interation showed clearly that those treatment groups which
received long feedback messages (groups D and E) required significantly more
time to compiete the thirty items in the first iteration than did groups A,

B, or C. The time to criterion means show that Group C required significantly
less tine than did groups D or E, and required the least time of the five treat-
ment groups. '

The time required for a student to receive instruction by CAI is a function
of the number of instructional frames he completes and also is a function of
the amount of time the terminal spends displaying messages. Several studies
have demonstrated that the operating speed of the IBM. 1050 terminal is slower
than would be ideal for an -interface between student and computer. The longe:
feedback messages require much more time because of the slow (120 words pef
minute) typing rate of the terminal. -However, the new interfaces using CRT
display devices display verbal and graphic material much more rapidly than does
the typewriter temminal. Therefore, the ddditional time required by Ss in
groups D and E should be interpreted with caution, since better equipment may
soon eliminate those observed differences in instructional time.
| The analysis of the data from the finst and second iteration of the pro-
gram and during the entire sequence indicate that the principal difference
between the treatment g}oups is in rate of learning. Rate of learning may be
considered in terms of the amount of instruction that must be presented or in
terms of the amount of time required to complete the instruction. When rate of
learning is considered i{n terms of amount of instruction presented, then a




feedback method which guidés the student to the correct response is clearly
superior to a feedback method which requires the student to discover -the cor-
rect response. When learning rate is measured in terms of the amount of time
required for instruction, a feedback metﬁod utilizing short messages requires
less instructional time pér frame than does one utilizing long feedback
messages. However, this difference may be eliminated as better interfaces
between computer and student are designed.

Retention. The analysis of variance on posttest scores indicated that the
combination of feedback modes group (Group E) was superior to other feedback
and no feedback groups. Apparently the amount of information the S derives
from the feedback is important in affecting retention.

Because many of the programs used in previous studies have been of the
linear low-error-rate variety, little work has been done to ascertain how to
deal with errors committed by the student during a program. There have been
few studies dealing with "corrective" feedback in verbal learning. One study
found that providing the correct answer following an incorrect response is a
reinforcing event in the same way that confirmation after a correct response is
a reinforcing event. The results of the present study indicate the advantages
for learning attained by providing the correct response when the S makes an
error and also show the retention advantages of providing the S with as much
information as possible in the feedback messages. These findings disagree with
some studies that found that extensive feedback may be detrimental.

Results obtained from the posttest also indicate some differences favoring
the response contingent feedback groups. On the posttest the response con-
tingent feedback group (Group D) received the second highest scores and scored
higher than any other treatment group receiving a single feedback treatment.

Group D accumulated significantly higher response latencies during the
first iteration of the program and during their performance criterion. Appar-
ently the Ss recefving Eesponselcontingent feedback were contemplating their
previous feedback messages during the ‘time period that they might have been
responding.

Relationship between analyzed variables and scholastic aptitude. Analysis
of variance showed only one significant difference for level effects--instruc-
tional time for the second iteration of the progrém. There was no apparent
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pattern in the means of strata for the admissible probability score on the
first iteration of the program, but examination of the time to criterion means
for the 15 strata reveals a negative relation between scholastic aptitude

and time for the second iteration. .

A low correlation between Ss' rate of learning and academic ability is one
of the desirable characteristics of computer-assisted instruction as expressed
by Mitzel. Mitzel hypothesizes that computer-assisted instruction

. . .at its best should offer a distinctly individualized
course of instruction in which gaps in the learner's know-
ledge are filled by means of diagnostic and remedial
sequence steps. Thus, it*seems to be theoretically appro-
priate to ask the typical CAI learner to achieve mastery
of the content as long as we allow him a reasonable amount
of time. (Mitzel, 1966) '

M1tze1‘concluded that if examining is done at appropriate intervals
throughout the program, then evéry learner should have achieved mastery of the
content up to the limits of his capécity.

Further research,is necessary to determine the effects of using various
modes of feedback to correct errors. Many forms of programed instruction
require the student to reveal, by making some sort of error, the kind of
instruction he should receive next. However, most typical programed instruc-
tion studies have been conducted with relatively error-free progfams and little
1s.presently known about correcting student érrors in programed instruction.

The present study should be repeated using a student terminal capable of
faster communication and response time than the 1050 terminal.

Also, the present study should be repeated using a delayed retention
measure in addition ® the immediate retention measure.

The high posttest scores achieved ty all groups, including the control
group, demonstrated the value of reiterating the program items until the stu-
dent had answered all items correctly. Several studies have demonstrated the
value of providing feedback on test items. The results of the present study
indicate that an additional advantage can result from having an S repeat all
unanswéféd questions until he has correctly responded to each one. This pro-
cedure provides a "drill1" type of exercise in a test §1tuat1on in addition to

providing feedback.
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Effect of CAI un Natural Spelling Behaviors "ﬁy
Rationa]e Z%;
Although a field trial had indicated that the CAI -pelling course was an ' . ;
effective means for two-year technical students to learn spelling, no attempt 3  ”{§
had been made to examine whether the students transferred their increased know- T
ledge of spelling rules (as indicated by criterion scores) to off-terminal, ,fg;f
non-test writing situations. Consequently, the 1hvest1§ation of transfer: was ;?3;;
selected as the primary focus of the present study (Farr and Hogan, 1967). .‘qugf
It was assumed that after the diagnosis and identification of spelling. o ‘f ;ji
errors, followed by remedial instruction, students would spell more accurately LT va
than they/had in non-test, writing situations before instruction. Further, it :f?: x
was assumed that students who were merely informed of the number and kinds of =~ ' P
spelling errors that they had made on the pretest wou]d show less 1mprovement - '::xﬁJ

in non-test, writing situations than the students who had been given the same. e
‘information and also received prescribed remedial 1nstruct10n Accordingly, _' ".j w
the main dimension investigated in this study was the difference 1n'%he extent |

to which the instructed students transferred their demonstrated spelling skills, R
in contrast to those who had not been instructed. " | L

Method .
The materfals used in this study were of three types: 2) iwo samples of ‘ {‘>-
expository writing done by the students on topics they.selected from a 1ist ‘fA'J
provided; b) selected segments of the CAI spelling program; and c) a 44-item ; i?ifij
attitude questionnaire about CAI. o ;-f”?'
The top1 for these writing samples were deliberately p]anned by the A
authors to center the attention of the students on the thought content of their f;;i
writing, rather than on spelling or other mechanics of composition. Furfher- ;  £;}
more, no mention of spelling was made when the writing assignments were given, . : *:;{
and the, attitude questionmaire was concerned with CAI and the students' reac- o jf
tions to it, rather than to any aspect of spelling. . 3 Y
o From the CAI spelling program,.all of the students were given three | . ?,
segments on-line: orientation, word study, and the diagrostic test. The first g
segment was a short one dealing wi‘h orientation to the terminal equipment and o
L%
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i
its operation. The second segment prjovided the students with further oppor-
tunity to familiarize themselves with appropriate on-1ine procedures, as well
as preparation for maximum benefit from spélling study. The diagnostic segment

“consisted of a 37-word test which included 50 possible error items representing

nine (:ategokries of spelling errors. For example, the word "piece" was desig-
nated as bothk’ a possible homonym error and as a possible "i-e" error.

In addition to.these three segments, the students in the experimental
group took the on-1ine instruction prescribed by their diagnostic test per-

‘formances, and a 37-word 250-item, on-1ine posttest similar to the diagnostic

test. :
The 48 students participating in this study were énrolled in post-high

school, two-year technical programs. The experimental group consisted of 23
students; ’the control group contained 25 students. Two of the experimental

students were women; one of the control students was a woman.

Results

Thé effectivenéss of transfer from this CAl spelling program was assessed

on .two dependent measures: a) performance on the spelling pretest and posttest |

(minimal transfer); and b) performance on two writing assignm’ents (remote

: 'transfer)

, Spel‘ling test data for the experimental students were ana‘lyzed within a

2 x 2 factorial design (two student groups x two test scores and/or pretest
and posttest scores) with repeated measures on one factor (pretest and
posttest). The results of this analysis indicated that there was a significant
improvement in spelling test_perfbnnance on the CAI posttest (p <.05). How-
ever, when absolute criterion performance was examined, it was found that the
experimental students had entered the program pérforming at a. 66% level of
accuracy, and tﬁeir end-of-program criterion performance was only 76%. These
results indicafe that some learning had occurred, but that the students' diffi-
culties: withﬁsée‘l‘ling had by no means been eritirely eliminated.

Conclusions

" The main conclusions- from this study to investigate the effectiveness of
transfer from this CAI spelling-course were: a) students in two-year
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technical courses denonstrated a significant improvement in their spelling
abilities as measured by spelling tests, after they had received instruction
from this CAI program; and b) when they were not specifically told, on writing
assignments, that "spelling counts," post-high school technical students. made
far more errors in certain categori es than they made in those categories

" during test situations.

Because, for the non-test writing samples gathered in this study, students -
were free to use--or not to use--any words they wished, it is reasonable to
conclude that the ones they used are the words they "need" to know how to
spell: the very words that formal spelling instruction aims to teach. Like-
wise, the large number of errors appearing in the writing samples can be taken
as an indication of the failure of traditional, classroom spelling instruction
to achieve its commonly stated goal of teaching "needed" words. '

The novelty of CAI experi'ence'and the appeal .of its technology for students

" in technical courses did not produce a markedly greater amount of transfer of

' spelliny abi1ity to non-test_situations than had other methods of instruction

-earlier in the students' educational experiences. This, however, should not be
- -_r__'egarded as failure of this CAI course. . Unanjmously, on the attitude question-
ne'ire students indicated that they felt that spelling was a subject that could
be effectively taught by CAI, and their scores 1ndicate that it was. Since,
CAI-does not seem to affect their spelling 1n general writing situations -any
more than any other method of instruction, it might be of particular val ue to .
consider the ways in which students--and teachers--approach spelling 1 nstruction.
Such consideration is recommended if the present CAI course is revised in the
future. - . ‘ "

Perhaps, if adults who are in need of remed1a1 spe‘l‘ling' are to be "all-

around" ‘competent spellers, the spelling course must include an attempt at ‘
attitude change, so that spelling is accepted as a skill with "all-around"
1mportence. Otherwise, for many students, and especially for students in tech-
nical courses, spelling is 1ikely to remain a subject 1in which students do as
well as possible only on spe111ng tests and in situations where they know that
"spelling cbunts "

s PUTORIFETIROWOREPERSEEE .
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C@garab111t1 of Computer-Assisted and
ConventionaT—Test Administration

w

Purpos

The purpose of the research reported here was to compare conventional
group administration and computer-assisted administration of a test of crea-
tivity (King and Rabinowtiz, 1968). '

Method

Two sebarate ktudies were conducted using different Ss and ss‘light‘ly* differ-
ent procedures. They used the same basic measures and analysis, however, and '
thus may be presented together. Study I was a prelimi nary effort to the larger,
more extensive Study II.

Subjects

Study 1 used 37 paid-volunteer male techhjcal education (two-year program)
students enrolled at The Pennsylvania State University. Random assignment was
made to either a computer-assisted or a conventiona est administration con-
dition. . Study II used 107 (36 men, 71 women) volunteer undergraduates enrolled
in baccalaureate programs at The Pennsylvariia State University. Ss within each
sex were randomly. assigned to the two test conditions to insure equal propor-
tions of men and women under each condi tion. . @

Analysis

The problem of determining whether computer-assi sted testing and conven-
tional testing are directly comparable is real‘ly a problem of determining the
equivalence of two forms of the same test--one administered by computer and the
other by,conventional procedures . -

Medley (1957) has proposed a procedure for testing the equivalence of two
tests which examines four criteria: equality of means, equality of variances,
equa11ty of errors of measurement, and "homogeneity of function. T.he pro-
cedure is based upon a two-factor anal ysis of variance with repeated measures
on one factor, and is especially apprepriate for use in studies of the type
o, reported here where carry-over effects necessitate the use of different sub-
jects for the two test forms (or in this case two modes of administration).



In the present experiment the Medley test for equivalence was applied
in both Study I and Study 11 to compare. the performance of the computer-
assisted and conventional groups of the Remote Assocfates Test (RAT) Form I.

* The two administration modes coupledwith the 30 {tems of the RAT resulted in
a 2 x 30 factorial design, with repeated measures across subject. In the '
Medley procedure each of the four .riteria for equivalence(equal ‘means equal
variances, equal errors of measurement, and homogeneity of function) can be
stated as a null hypathesis, and if any are rejected the tests in question
cannot be regarded as equivalent. If all four null hypothesis cannot be '
rejected then the overall hypothesis of equivalence may be accepted. The four
F-ratios corresponding to the four hypothesis were calculated and tested for
significance in both studies. '

Additional correlational analyses were performed in Study 11 to determine
the existance of possible differential relationships between the two adminis-
tration modes of the RAT Forﬁ and the four reference measures. Pearson
Product-moment Correlation Coefficients were calculated between each of the
reference measures and each mode of administration of the.RAT Form 1, and all
pairs within administrations were tested for significant differences with z-
transformations. |

Results

The means and standard deviations for all administrations compared favor-
ably with those reportéd by Mednick and Mednick (1967) in the normative data
for college undergraduates. Hoy't internal consistency reliability estimates,
calculated from-the analysis of variance format used for the Medley procedure,
were found to be slightly lower than odd-even split-half coefficients reported
by Mednick and Mednick. . \ '

One noteworthy comparison that can be made 1s the high degree of similar-
1ty between the performance of the technical education Ss in Study I and the
baccalaureate program Ss in Study II. Students enrolled in two-year technical
education programs are generally believed to be less intellectually capable -
than four-yearstudents. Although many variables were uncontrolled between
Studies I and II the results would appear to indicate that in at least one

- dimension .of intellectual functioning the two-year students compare quite
closely with four-year students. ‘ . -
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Table 4

Medley Equivalence Analysis
Analysis of Variance: RAT Form 1

. " Study 1 Study II
Source ' : df HS F . df M F
Conventional Administration _ . .
Subjects 17 1.00 - 1t [ s3 .88 .81°
Items 29 .80 b 29 1.99 b
Error . 493 . .19 1.00 1537 .19 1.06
CAl Administration ' .
Subjects . 18 ¥ T2 ‘ 52 1.08
Items : - 29 1.04 v 29 2.57
Error ' X 522 .19/ 1508 .18
Combined Groups : _ : .
Subjects 36 - .85 _ 106 .99
Items ‘ 29 1.63 29 4.18
Error > 1044 .19 i }‘- /\ 3074 L 19
Analysis for Testing o |
Equivalence , o
Administrations: 1 .26 - .29¢ ] 132 1.
Subjects (within : -
administrations) ' 35 .87 105 .98
Items . 29 1.63 , d 29’ 4.18 -
Evror Between 29 ~ .21 1.10 - 29 .38 2.1
Error Within ‘ 1015 .19 o 3045 .18 '

a2 .

3F ratio formed by comparing MS for subjects under conventional administration with NS, for subjects under
CAI administration. Actually a test for.homogeniety of variance. .

bF ratio formed by comparing MS for error under conventional auninistration with MS for error under CAI
administration. Actually a test for homogemety of the variance of errors of measurement.

% ratio formed using-subjects within adninistrations as a conventional error term. A test’ for equality

of means for the two administration conditions.

df ratin formad usirg error within adrinistrativns as a conventional error term, A tect fnr hemoacniety

of fungtign which compares the rank order of item difficulties for the two administration conditions.

1
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The Medley equivalence analysis and the calculation of the F-ratios used
to test each of the four equivalence criteria necessitated dividing the overall
analysis of variance into separate analyses representing each mode of adminis-
- tration, and an analysis representing the ‘combined administrations. The first
criterion of interest, equality of means for the two administration modes, was
tested by comparing the variance between administrations with the variance for,
Ss within administrations. The resulting F-ratios for both studies were non-
significant, indicating failure to detect differences with respect to the mean
performances under the two modes of administration. The second criterion,
equality of variances, was tested by forming an F-ratio from the mean square
for subjects in each of the separate mode analyses. Aga)in, the F-ratios for
both studies were nonsignificant, and the conclusion is that the variances for
the two modes of administration are not reHabl_y different. The third crite-
rion, equaHt_y of measurement error variances, was tested by an F-ratio formed
from the error terms in each of the separate mode analyses.. Here a significant
F was obtained for Study II, but since the value of the F was only 1.06 with
1537 and 1508 df the difference is probably. not -of great consequence. Thus,
vthe criterions of equal error of measurement variances also appears to be -
"reasonably satisfied. - The final criterion, homogeneity of function, was tested
with an F-ratio formed by comparing the error between administrations with the
error within administrations. A s1gpif1cant F was obtained for Study II indi-
cating that the item difficulty rankings were not the same for both ‘modes of
administration. Items proving very difficult under computer admimstration
were apparently nghtly easier under conventional administration and vice ;
versa. The resulting conclusion is that in Study IT the RAT F’orm 1 was not
measuring identical functions under the two modes,of administrati on. _
) Addi tional.correlational analyses performed: in Study Il resulted in cor-

relations between each of the administrations of the RAT Form.1 and each of. the

reference measures correspond {in the case of the first three reference mea-

sures) roughly with those reported by Mednick and Mednick. The correlations ,
between the RAT Form 1 and the RAT Form &are slightly lower than reported in
the Test Manual. The fourth reference measure, Flexibi lity, does not appear
to correlate with the RAT. A1l four correlation pairs between administration
llnodes were tested for significance, ‘and none of the differences proved
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3

significant. Thus, there is no evidence to indicate that the parallel forms
reliability or the validity of the RAT are any different under computer admin-
istration than under conventional administration.

In summary, the study reported here does not present any evidence to in-
dicate that computer-assisted test administration introduces new sczurces of
variance that markedly modify the statistical properties of a test as deter-
mined through conventional administratiqn.

Numerical and Verbal Aptitude Tests
Administered at the CAI Student Station

Purpose

. The purpose of this study (French and Tardibuono, 1968) was to arrange
tests using multiple choice, numerical, and verbal items, in a program so that:
‘ 1) the average number of items attempted by each student will be
" significantly less than the number of items traditionally required by
a2 test of simi lvar content (in this case, the Henmon-Nelson Test of
Mental Ability);
2) the test will take s1gnificantly less time to administer
than the traditional test;
3) 1indices of reHabthy obtained by means of internal con-
sistency formulas (KR 20) will be higher for COMPAT (Computer Admin-

istered Test) than for those reported in the manual for the Henmon- = .

Nelson tests,; and °
i) there will be a significantly high correlation between each
" COMPAT and the Henmon-Nelson Test, and between each COMPAT and stu-
den"c performance in other academic activities.

The Sample
One of the practical limitations encountered in the first phase of this

project was the availability of -subjects of the appropriate age and educational'

level willing to take time for research projects. Since this prg.ject focuses

\

)




- .79
on the feasibility of developing short, highly reliable tests, vocational-
technical school subjects were not sought. Theé 73 subjects used in this_'
reporting period included high school juniors and seniors, housewives, and
undergraduate and graduate students'from Penn State. It should be noted that
80 subj’ects took the various tests. However, systems difficulties and loss of
subjects reduced the number to 67.

Procedure

Each subject took five tests: .1) the Henmon-Nelson College Level, Form B,
~ 2) Verbal 80, 3) Numerical 80, 4) Pretest, and 5) Verbal A, B, C, or D. The
directions for the Henmon-Nelson are contained in the test booklet which each
subject read himself. For the COMPAT tests, each S was shown how to operate
the terminal, how to respond, and how to correct a mistake. He was instructed
as follows: . - |

.You will be shown questions, either verbal or mathematical
on the screen at your left. As soon as you have the answer,
type the number indicating that answer’, then press EOB; the
next question will then be .shown. If you wish to change an
. answer before you press EOB, follow the procedure previously
described. Remember once' you press EOB you will not be able
to change your response. There is a time 1imit for each
question; but if you work steadily, you need not rush. I
will be in the next room if any complications arise. Any
| questions? You are now ready to begin. .
Due to _the 1ength of time necessary' to complete all five tests, most Ef the
subjects returned for a. second session. The availability of computer time as
well as consideration for the subject's schedule made exact intervals between
sessions impractical. Each subje‘ct‘ was. paid a flat rate of $3, unless system
failures necessitated returning for a third session in which case payment was
made at the rate of $1.25 per hour. |
As each S entered the terminal room, he was given either the Henmon- )
Nelson College Levei, Form B, the pretest, or assigned to one of the computer-
administered tests. - Due to the varyi n'gAlengths of time subjects spent on each

of the tests, it was not practical to randomize the order of the tests.
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Results

To achieve goals 1 and 2 required the administration of relatively few
items in a relatively short period of time when compared with the administration

~of the conventional format of the Henmon-Nelson. In conventional format the

Henmon-Nelson test provides 100 items and allows no more than 40 minutes of

working time. While not all subjects attempt the 100 items, it is assumed -that

as subjects run into difficult items they scan the remaining items in hopes
that they can find some which they can answer. With the COMPAT procedures, the
mean number of }Items attempted varied from 23 to 30 and the mean number of
minutes varied from 21 to 31. Relatively large standard deviations were

- observed for both number of items attempted and time spent on the test. The

objectives of constructing a test with fewer administered items than on the
criterion test was realized. When the numerical test and verbal test were
added together, a mean of 57 items was obtained.

Time was obtained by subtracting "sign-on" time from "sign-off" time.
The"f'lgures include minor system delays and program malfunctions. By analysis
of the response latencies of a random s,amp‘le of 25 subjects, it was learned
that the time to complete the test is decreased significa_nt"ly when only '
response latencies to each item are considered. '

Goal 3 pertains to reliability. At this stage of devg‘lopment with these
tests, test-retest procedures over short periods of time did not seem appro-
priate. Statistical formulas requiring that the same items be presented to
each subject were inappropriate also since the same pattern of tems was
presented to few subjects. Since .great care was exercised in the selection of
items arranged in order of difficulty, it was assumed that all items which were
not adninistered and which were below the score would have been passed. It was
further assumed that all items which were not administered and which were above
the subject's score would have been failed. Since these assumptions are
implicit in the computation of the score, it “is reasonable to assume them also
in the computation of reliability coefficients. (Such procedure is followed in
the administration of such tests as the Stanford-Binet.) ‘

It-should be noted that Kuder-Richardson formulas yield slightly higher
correlations than other methods of measuring reliability and that the, technique

- of assigning a minus or a plus to unanswered items will tend to inflate the

&8
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obtained correlations. The Kuder-Richardson coeffiqiénts ranging from .977 to
.988 compare favorably with the odd-even reliability coefficients of .94 and
.95 reported in the technical manual for total scores of the college level
Henmon-Nelson tests. The technical manua) reports alternate form reliability
coefficients of .84, .876, and .887 for Q, V, and total scores. Thus, it is
concluded from the first phase of the reliability study that a hjghly reliable
test can be adapted for presentation by a computer.

The final area of investigation to be reported here involves a comparison
between COMPAT and the conventional Henmon-Nelson test. The relationship
between COMPAT and the conventionally administered Henmon-Nelson test are not
as substantial as those reported in the Examiner's Manual for alternate forms
of the Henmon-Nelson. . ‘

It was evident from the data that the normative data for the Henmon-Nelson
cannot be used to interpret COMPAT scores. Norms will need to be developed if
COMPAT scores for individuals are to be interpreted.

It should be noted that the number of subjects who took COMPAT.Verbal-C
or Verbal-D was dependent on their score on the pretest. Since COMPAT Verbal-A
and Verbal-B were administered to only 10 subjects, correlational data for those
tests were not computed. |

Remedial and Review Branching in
Computer-Assisted Instruction

Purpose

There are two basic ‘kinds of branching strategy. The first is to branch
the student to an alternate sequence of remedial material. The second is to
provide the student with a review or re-exposure to material he does not yet
understand.

The purpose of this 1nVestigation (Gilman and Gargula, 1967) was to com-
pare the effectiveness of branching strategies in an instructional program
prepared for computer-assisted instruction with that of a nonbranching CAI pro->
gram, !
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Me thod

The subjects were 42 students from the tile setting and plumbing programs
of Williamsport Area Community College, Williamsport, Pennsylvania_ These stu-
dents were selected because they had not previously received instruction in
physics. A1l were naive with respect to educational éxperimentation procedures.

Subjects were randomly aSsigned to two proportional groups. The linear
group consisted of 14 Ss and the branching group consisted of 28 Ss. The ran-

domization was accomplished by the use of a well-shuffled stack of student data -

cards. Ss were pretested with the 10-item pretest. No S answered more than
four questions correctly, and most answered all questions incorrectly.

The linear group received only the instructional frames of the program.
The branching group received the instructional frames and corresponding remedial
frame when an incorrect response was-emitted during the instructional frame,
but also reviewed segments of thg program_on which they ‘had a high error rate.

Response latency, or the time required for the student to answer a ques-
tion, was recorded by the computer'for each }esponse and was accumulated during
the instructjonal period. The total instructional time was also recorded by
the computer. - )

Immediately following the instruction, the 25-item posttest was adminis-
tered to each subject. '

A1l instruction was "stand alone" instruction in that no other instruction
was provided other than the programed course. ’

There were slight differences in the means of the posttest favoring the
branching group and a slight differénce in instructional time favoring the
linear grbup° These small differénces were not statistically significant
(P >.10), but they do suggest the need for further study of this variable in CAI
mode. : : '

One important factor in-comparing the programs was the number of responses
required in the program. The difference in the means of the group were signi-
ficant (P <.001). Clearly, more responses were required by the branching group

than by the linear group.

It is interesting to note that although the branching group required more
responses to complete the program, the mean response latency was ‘less than that
of the linear group, so that differences between the meahs of the total

e —— et ; .
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accumulated latencies for the’ two groups were not significant (P <.10). The
Tower latencies perhaps resulted from a greater amount of practice in using
the terminal interface.

Discussion

The major conclusions of the study may be summarized as follows:

1) No differences 1in achievement were obtained for a CAI program which
1ncorporated 1nstructiona1 frames, branching to remedial frames, and rev1ew
of program segments over a program which presented only instructional frames

2) As.a result of a criterion established by the programer, the students
in the branching group required significantly more responses to complete the
program. However, this learning strategy resu1ted 1n no noticeable gains in
learning.

3) Although the branching group required significantly more responses
to complete the program, the mean response latencies of the linear group were
Tower than those of the branching group. Thus, there were no differences in
the total accumulated response latencies for the two groups.

Conclusion

The results of the present study appear to be consistent with the\resultsif;:i‘~_
of Holland (1965), Campbell (1961, 1962), and Glaser (1962) in that no advan- - * *:

tages were found for a branching strategy.

The results are not consistent with those found by Skinner (1961) and
Ho1land and Porter (1961). Evans (1965) and Barlow (1963) who have found the
controversy of “linear vs. branching" to be one which cannot be answered
unequivocably, since the two instructional techniques serve different functions.

The results of this study indicate that if branching is to be used to .
“advantage in computer-assisted instruction, "there must be a thorough investi-

.gation of those s1tuations where it facilitates learning. Also, research needs’ o

to be 1mp1emented to determine the criteria for branching decisions.




- Relative Effectiveness of Various Modes of |
, —  Stimulus Presentation Through: '
Computer-Assisted Tnstruction

L

Purpose
{

The purpose of this study (Johnson and Borman, 1967) was to determine the
relative effectiveness of the various modes of presentation on total time for
students to c'omp,‘lete the course and on _competence' as determi ned by a posttest
sZ:re B ' .. ' o

‘Based .on se‘Iected studies, it was hypothesized that the static disp‘Iay
mode of presentation would take significantly Tess time and result in as
equally effective learning as- the typewri ter-output mode of presentation since
the static disp‘Iay mode presents a paragraph of material to a student at'a time °
"and alTows him to- proceed at his own pace The material chosen for this study
.was a basic physics sequence or "working with Units. S " The instruction was
designed for vocational-technical’ students who have finished hi gh school and
" have av Timited. background in mathematics and physics.

. . { : ‘ : .
Sub;lect - | | . | o {

The' SS. consisted of 90 upperc'lassmen majoring in education and taking
Instructiona‘l Media 435 at ‘The Pennsyl vania State University during the Fall,
Term, 1966. Each S in the Instm. 435 class was required to spend one hour at
“the GAl student station The' Ss were “randomly assigned to one of four groups.
(Due to computer mal funct,ion and scheduling problems, ,the final Egroups did not
contain equal numbers.) None of the. __s possessed a background of study in~ '

mathematics or physics pr'ior to the treatment .
A} B - .

&

. Procedure.. ' S . N

H

a _13_”Mode "The S signed on the course, the computer typed out instruc-.
tions fo‘Ilowed by questions. After the S: typed his answer, the computer pro- -
ceeded by typing material to the S, showing slides, typing questions, etc.,
until the lesson was completecL The S was immediately tested on his knowledge
by a 15< item, multiple choice, computer-administered test Tota‘l instructional
time and test scores were recorded '

v ) A
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Audio Mode. Ss who received instruction through the audio mode heard the:
same material that the Ss in the previous mode read from the typeout. Ss could
repeat each message -as often as desired: They also received some ;typed mate- -
rial and slides which were common ‘to all groups. When finished, they took the
same computer-administered test. Total instructional time and test scores were’
recorded. . c - ‘ '
~ Display Mode. Ss in the display mode had a booklet containing all ef the
messages ‘heard by the above group. Instead;of hearing the messages as the
above group, the typeout i nstructed' them to read the proper page of the book-
let. This group also received the same typed material and slides as the above
| groups; The same computer-administered test was- taken by this group and their
total instructional time and test scores were recorded.

Control Group., Ss in the control group received no instruction, but took
the same computer- -administered test as the above groups. Only their total test
scores were_ recorded. ) |

‘-'Finding' s .

_ An analysis of variance procedure gave the results shown in Table 5. The

- F-ratio was significant beyond "the .05 level of confidence. Sheffe's procedure

for mul tinje comparisons (Sparks, 1963) showed that the audio, type, and display

f-modes of presentation were all significant'ly superior to the control group con-

cerning posttest scores. There were no significant. differences between the ,
audio, type, and display modes.

- ‘The above finding suggested to the authors that there may have been too .

much overlap between the ‘type mode: and _the other modes since 39 out of 55 frames

were common to all groups in stimulus mo.de _ This commonality may have hidden

any'mean di fferences in completion time. In order to remedy this situation,

the authors decided to run the experiment again, this time increasing the

number of frames containing variable modes of presentation

z\Subject i .
The ,Ss consisted of 87° upperclassmen majorih& in education and taking
Instructional Media 435 at The Pennsy]vania State University during the Winter

“
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- : Table 5
Means and Standard Deviations of Posttest Scores
. (Maximum Possible Score 15 Points)
Mode N | Mean
Type Mode 12 | _ 11.17
Audio Mode 16 | ’ 13.00
Display Mode  ~ < 12 | 11.67
C'ontroi‘ Grnup 50 - . 8.90

¥

Term, 1967. Each S in the Instm. 435 class was required to spend one hour at
the CAI student Station The Ss were randomly assigned to one of four groups.
The Ss did not have a mathematics or physics background '

Implications:

R The purpose of this experimert was to.examine the question 'Qfl decreasing
fnstructional time on-1ine through various 'modes of presentat'ions without a
decrease in learning. '

Special note should be taken of the findings indicating that the mean
scores on the posttest for each experimental group was significantly highér |
than the mean score on ‘the posttest for the no- instruction control group. It
should also be noted that there were no significant differences on posttest
‘score among the experimental treatments (audio, display, type, and slide).

This was a consistent finding in both experiments. Therefore, regardless of
L 'mode of presentation, all grot:ps were able to learn from the programed sequence.’
| The main purpose of the experiment, to decrease instructional time on-line,
= did not result in significant findings. However, there are some interesting
tendencies which warrant further investigation.

Y
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An Experimental Procedure for Course Revision
Based on Students” Past Performance

Purpose

In an-earlier study the researchers had investigated the time required to
complete a program under various modes of stimulus presentation. No significant
differences were demonstrated between the various modes because of the large
varfances obtained in the dependent variables for the various modes. At that

k time it was the intent of the authors to analyze each subject's performance on
_ each frame in order to determine whether or hot there were certain frames in

the program that contributed a large proportion of variance to the total within
groups .variance. This study (Borman ank.i Johnson, 1968) was an attempt to
improve the program

Method -

Upon completion of revisions, the course originally titled, "working fi1th
Units," contained 47 frames including six slides common to all modes of presenta-
tion. The sequence was designed so that all Ss received four warm- up frames,
each frame presented in a different mode, the main purpose of which was to .
acquaint each S with the correct method of terminal operation Following the
introductory material, 43 frames of material were presented for which data
were collected and analyzed. ) ’

In order to provide for a variation in stimu]us modes , four versions of .
the course were created. The material from the 37 frames (not including slide
material) was presented four ways. One group recefved this material on audio
tape to provide the audio mode of presentation, One group recef ved this
material printed on charts and put together in a booklet, each page of which
contained the material from one frame of the program. The program instructed
the Ss to.read a given page. This mode of presentation provided the chart
display mode of presentation. Ina third version of the course, the type mode,
the material was typed to the student on the typewriter associated with the IBM
1050 computer terminal. The fourth group received the instructional material ——
on 2 x-2-inch photographic slides; the material was fdentical to that contained

,on ‘the audio tape, chart display group, and typewri ter output A11 groups o

- %
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received identical versions of“ the cpurse and all groups were requjired to
answer the questions by typi ng their answers on the typewriter keyboard at the _
terminal. : -

A 20-1item constructed- response test was created. The test was designed to

measure factua) material as presented in the program as well as a subject's

abthy to transfer what he learned to similar problems. For example, in
addition to dividing meters by seconds, a concept taught in the course, the Ss
also had to divide ficticious units such as d{‘viding "vyens by fuds." Since -the .
program was not designed to teach computational skill, it was decided to

score the test only on the basis of whether or not the S had the correct units,

not whether or not the S had- the right numerical answer. The Kuder-Richardson

Formula 20 reliability of this test was .862.

Subjects

The Ss consisted of 33 volunteer upperclassmen majoring in education and
taking Instructional Media 435 at The Pennsylvania State University during the
Fa¥l Term, 1967. The Ss were randomly assigned to one of the four experimental
treatments. The Ss d1d not have a mathematics or physics background. In ad-
dition another group consisting of 90 upperclassmen majoring in education and

.taking Instructional Media 435 at The Pennsylvania State University during the

Fall Term, 1967, served as.a naive control group and took enly the posttest.

*Procedures . N

Each S signed on the course and was ‘presented with the.1nstructiona1_ )
material and questions based on the material. The imspohded to the questions

- by typing his answer on the typewriter keyboard. Feedback material was pre-

sented by the computer to all Ss via the typewriter. Upon completion of the
cou'\rse, Ss were administered a 20'lquest16n constructed-response test off-line.
Total for each question, the respohse latency for -each response,. and the
number of correct responses on the posttest were collected for each subject.

Results

The main purpose of this experiment was to-test a proc'edure' for course
revision based on past performance. Graphs were prepared to indicate weak

%6
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?

. sections or frames in the course.based on high mean response latencies and/or
higﬁ mean numbers of attempts. ‘The graphs also indicated frame-by-mode-of-pre-
sentation interactions, i.e., indicated frames where oiff mode of presentation
was superior of inferfor to the other modes of presentation. It is felt that
by examfnfng these interactions, 1t may be possible to indicate which mode of
.presentat'ion should be used for which purposes as well as how to best use a
medium for a specific purpose. For example, it was found that, for the giveh
course matefrial, 1t was necessary to keep the audio messages relatively short.

" Ia rev1s1ng the course, care was taken to improve those frames which con-
tr1 buted ‘Iarge proportions of variance to large mean response latencies and the
high mean numbers of attempts. The revisions would tend to make the course
more uniform and easier for all groups, since all versions of the course were
improved, a condition reflected by the minute mean differences for total time
to comp‘lete the program. A possibility for future research would be to revise
only the frame for the modality which experi enced difficulty, leaving the other
. .frames unchanged. Diagnostic revisions may serve to lower within group vari-
ance and capitalize on the differences that are inherent in the various modes
of stimulus presentation available with- CAI,

The course material used in this experiment is the product of a number of
revisions dfter it had been carefully written by a subject matter and program-
ing expert. Even now, it {is far from being optimally efficient and effective .
.~ stimulus material to promote student 1earn1ng There are still many peaks and
va‘Ileys that must be accounted and compensated for through revisions or branches .
The most significant finding to date is that course deve‘lopment is a comp‘lex,
time-consuming process which must be carried out in a context where student per-
formance data are corytinua‘l‘ly used as a basis for subsequent revisions.

Expressed Student Attitudes Under Several Cond1 tions of
Automated rogramed Tnstructi on

v

Purpose

Due to the rather genera't finding that sf.udent attitude and performance
. measures tend to be only moderately correlated, it cannot be assumed that a
program which results in satisfactory criterion performance will necessarily
result in a positive student attitude. If it is granted that student attitude

.
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may have 'signi-ficant effects on students' behavior after the périod of ‘instruc-
tion, it seems that. a different approach to the study of student attitude is
called for. Rather than studying_the effect of student attitude on criterion
performance, research should be directed to developing instructional programs
which achieve both satisfactory criterion performance and p'o_si'tiv’e student
‘attitude. In this expériment (Brown and Gilman, 1967) student attitude was
treated as one of the outcomes gf instruction.

{

Method . ) . /

> {

The subjects were 66 ninth and tenth grade students in the college prepara-
tory curriculum of State Collwe Junior High School. A1l were naive with
respect to educational experimentation procedures, and none had received instruc-
tion in physics. A1l Ss who began the experiment completed it. '_

. Three programed courses were prepared. The subject of the three prograni's
was dimensional analysis, or performing calculations involving units of measure-
ment in working phySics problems. The material of all three programs was
identical with the following exceptions. The first program (CPF) was a CAI pro- -
gram utilizing contingent prompting and feedback. The second (KCR) was also a
CAI program, but feedback consisted of the knowledge of the correct response.

The computer typed the  correct response two inches to the right of the student's
response-as in a typical programed text. The third group'(text) received

instruction which contained feedback material identical to the KCR program, but
was presented by a programed text rather than by a computer controlled terminal.

:'Des{gn

Subjects were randomly assigned to three groups. The randomization was
accomplished .by the use of a shuffled stack of student data cards. Ss were
pretested with the ten-question pretest. No S answered more than three
questions on the pretest correctly and most answered all questions 1ncorrect’ly.

, ' I'n all three groups the instruction was completed in a single session.
A11 instruction was "stand alone" instruction in that no other instruction was
provided other. than the programed course. There were no difficulties with any
of the equipment uéed during the experiment and the CAI groups experienced no
down time or delays on the hardware. ’
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Test ﬂ . R ~

A

Student attitude was measured by a 40-item Likert-type scale, previously
developed at The Pennsylvania State University CAI Laboratory.

Student responses were scored 1 to 5, w#th 5 being the: response whic"n
indi ;ted the most favorabie atti_tude toward the instruction. The maximum -
attainable score was 200. Kuder-Richardson formula-20 reliability obtained
during an earlier study'was .885. |

The attitude scale was administered to each S following the session of
instruction.

AY

Results

The responses of each student to the 40 items on the attitude scale were
summed to yield one score for each student. The data were analyzed within a
two-factor, treatments by sex, analysis of variance design. The only signifi-
cant difference found was between the three-treatment mears (F = 12.89, df = 62,
P <.001). Scheffe's "S-test" was performed on the three group means. This
analysis showed that both KCR and CPF means were‘significantly different
(P <.01) from the text group. The KCR and CE% were not Ssignificantly different
from each other (P >.05). N ' '

Groups KCR and CPF scored significantly higher on the attitude inventory
than did the text group. There were no significant differences between the KCR
group and the CPF group. There were no differences attributable to sex.

The differences between groups receiving computer-assisted instruction and
instruction by programed text are similar to the anticipated results. The
differences in attitude scores cannot be attributed to differences in perform-
ance as the three groups did not differ signifiéantly on either posttest or
retention test performance. The groups did differ on the amount of instruc-
tional time required; however, in this experiment there seems to"be no basis
for explaining attitude in terms of time per se. Apparently the more positive
expressed attitude computer-assisted instruction as compared to the attitude
expressed toward programed texts is attributable to student preference for a
novel automated instructional medium. )

In the opinion of the authors the appréﬁch to the stgdy of student atti-
tude suggested in this report and 111ustrated by the above experiment should be

[
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‘ employed, in conjunction with, if not instead of, the typicé] correlational

approach, in research aimed at the development of instructional programs which
achieve both satisfactory criterion perforinance and positive student attitude.

~

Effects of Reducing Verbal Content in
Computer-Assisted Instruction Programs

‘Purpose

tent in a CAY program. The rationale for this treatment is that those students
of low verbal.ab ity may comprehend material better when taught by programs
with short, concise_sentiences containing few unusual words, rather than when
they are taught by programs with a high verbal content. _

This study (Gﬂrﬁan and Harvilchuck, 1967) tested three hypotheses
regarding the verbal content of compdter-assisted instruction programs. The
expected findings were as follows: ‘

1) A low verbal content program requires less instructional time than a
high verbal content program.

2) Greater comprehension (posttest performance) results from having
studied a low verbal content program, as contrasted wi th having studied a high

This sty investigated the effects resulti ng from reducing the verbal con-
\'7-(}
il

“verbal content program.

3) There is a higher correlation between achievement (posttest performance)
and verbal intelligence (California Test of Mental Maturity) for students
studying a high verbal content program than for students studying a low verbal
content program.

Method

The subjects were 36 students from the tile setting and plumbing programs
of Williamsport Area Community College, Williamsport, Pennsylvania. The stu-
dents were selected because they had not yet demonstrated high academic ability
and had not received previous instruction in the content materials (significant
figures) to be used in the study. All Ss were naive with respect to-educa-
tional experimentation.

1480
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Ss were randomly assigned to two treatment groups of 18 Ss per group. Ss
were pretested with the five-item pretest. MNo Ss answered more than two ques-
tions correctly and most Ss answered all questions incorrectly.

Both treatment groups received instruction through the 1050 terminal. The
time required for instruction was recorded by the computer. Immediately fol-
lowing the instruction, the 18-item posttest was administered.

Conclusions

-~

The major conclusions from this study may'be summarized as follows:

1) It is possible to substantially reduce the verbal content of a
computer-assisted instructional program without significantly decreasing the
learning which results from a student having studied the program.

2) The conditions in which instruction is presented by a low verbal con-
tent program required significantly less time than instruction by a high verbal
content program. This effect results from the slow type-out rate of the type-
writer terminal device and the add{ tional time required by students to read
and comprehend the longer typed messages.

. 3) Although the difference between the correlation of achievgment and
verbal intelligence was not significant, the results indicated a slightly
higher correlation between intelligence and achievement on the part of the
students who studied the low verbal content program. '

Reducing the verbal content of a_computer-assisted instruction program
nas definite advantages for efficiently utilizing instructional time. The

- time saving can be considerable when a typewriter interface is used. There

are also advantages for using low verbal content programs with the newer
CRT interfaces, since these devices cannot accommodate lengthy messages.

The use of low verbal content materials may also be advantageous for the
slow learner. Further studies should be conducted with a wide variety of pro-
gramed materials and with larger groups of subjects to ascertain whether or not
the lower correlations of achievement and verbal intelligence on the part of
the students studying low verbal content programs can be replicated.

The widespread use of programed materials is advantageous to students of
all ability levels, but particularly to Tow ability and less literate students.
For many low ability students, studying materials that are programed may mean
the difference between comprehending the material and being confused. It is

161
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recoomended that there should be a greater effort to program materials withm:s ‘
low a verbal .content &s is possible in order that low ability students can e
adequately comprehend tha programs.

. Prior Knowledge and Individualized Instruction

_ Purpose

This research (Brown and Bahn, 1968) was designed to investigate a possible
technique for adapting to individual differences, specifically for adapting
instructional methods to the extent of prior knowledge. B

If a program is to be responsive to the needs of students who have various
amounts of prior knowledge, it should possess the following:," |

1. @a means of assessing each student's knowledge of each conceot

or sub-concept prior to instruction;
2. . a means of skipping past material which the student has
already mastered; :
3. a means of providing a rapid review of the material about
~ which the student has some prior knowledge; '
_ 4. a means of providing instruction on theimateriaL for which
_ the student has 1ittle or no prior knowledge. '
. An effort was made to provide these four capabilities in a CAI program.

Three separate techniques were employed in an effort to prepare a program
which would be adaptive to the needs of students possessing various amounts of
prior- knowledge :

Subjects were randomly assigned to each of two programs, 33 Ss were
assigned to the Experimental Segment (EXS), and 32 to the Modern Mathematics
Segment (MMS). Subjects were run individually on IBM 1050 terminals. Each
su' ject was administered a. 22-item pretest immediately before going on the
program, a 22- item posttest, and-an 11-item transfer test immediately following
his completion of the program, and a 22- item retention test one week later.

. The pre-, post-, and retention. tests specifically included conversions frem one

base to another, which were taught in the program. The transfer test required
the Ss to perform addition and subtraction in bases other than base ten. AN

S [




. main effect for extent of pricr knowledge was significant (P <.05); however, isv
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four tests required constructed responses. The reliability estimates for the 4 p gl
respective tests by Kuder-Richardson Formula 20 are as follows: ‘pretest, 93; ~'i: g
. ~ . . o s &
posttest, .93; transfer test, 93; retention test, .96. ~ ' . 1'~}
o | o
Results. AR i%
- . | : PR W)
Students who received non-zero scores on the pretest or who had received .. -. ¥¥%:
prior instruction on numbers systems other than base ten were categorized as --rffzggﬁi
having prior knowledge (PK) of the content. Students who scored zerp on the - ,~3/;,"?%
4 _\5. "».'.‘ ‘.
pretest and had received no prior instruction on numbers sys tems other than base ft?*?;ﬁ
ten were categorized as having no prior knowledge (NPK) of the content. Per- B
¢

1

formance data, consisting of posttest, transfer test, and retention test scores

along with instructional time, were analyzed within a 2 x 2 analysis of variance 7@r{i§?*
design. One factor consisted of program (MMS or EXS) the other of extent of 3 .
prior knowledge (PK or NPK). LA ';f&é}s

The results of the analysis of variance of posttest scores for the PK and "\gfﬁf{%?
NPK groups indicated that neither of the main effects were significant however, '. a
there was a arginallz significant interaction between extent of prior knowledge% L

and program taken (P <.10). ’ : . F'

The results of the analysis of variance of retention test scores for the ifiﬂ‘
PK and NPK groups by program are very similar to the results of the analysis df 5. fal
posttest performance. The main effect for programs was not significant The 4 4§k‘§ 352%

"l
~

on the posttest, there was a marginally significant interaction between extent
of prior. knowledge and program taken (P <.10). \ ] o
The results of the analysis ‘of. variance for the transfer test scores show Ca )
no significant differences in-retention test performance. B
The analysis of variance results for instructional time indicated a sig-
nificant main effect for programs (P <.05). The main effect for extent of
prior'knowledgéﬂas well as the interaction was non-significant.
Because of the marginally significant interaction betneen program taken .
and extent of prior knowledge for posttest "and retention test data, the: simple ;,1"
main effects were-calculated. From analysis of the Simple main effects, the S i
ollowing pattern emerges.  PK Ss on EXS do significantly better than NPK Ss fgiifﬁx.ttxj
RN AR

L}

v(P.<.05) for the posttest, ‘and (P <.01) for the retention test. Ss.on MMS

having PK do not do significantly better than Ss having NPK (F sl.Ol,;j

0. L 2
» " . - F SRR
- N . o . s e
- . Y N )
. Lty P L
- . LA AR .
. A,
‘ : 4 =
. - M . . I
4, -
- o "
A




96

The simple main effects of PK - NPK across MMS - EXS are/as follows for
Ss having PK there were no significant differences in perfonnance on posttest
or retention test attributable to the instructional programs (F <1.0).
having NPK did significantly better on MMS on both posttest (P <1.0) and
retention test (P <.10). -'

The EXS program seems to have capitalized on the knowledge which Ss had
prior to instruction. The finding of no significant differences between MMS
and EXS on posttest, transfer test, and retention test, coupled with the time

- saving for EXS, suggests that students with prior knowledge would benefit by
having instruction on EXS rather than MMS " For NPK Ss the lower posttest and

retention test scores on EXS seem to call for MMS for these Ss in spite of the
time saving onEXS. - '

Discussion and Conclusions

The procedure reported here seems to provide a means of adapting to extent
of prior knowledge which results in considerable time saving with no decrease
in criterion performance. The results of this study also suggest that neither
of the programs could be recommended for all students if they vary widely in
extent of prior knowledge. Perhaps parallel programing employing the formats

. of both the programs with a branching procedure for swi tching students from one

program to the other may provide the benefits of both.
The procedure employed in EXS may have somewhat limited application in

. terms of the instructional content. The content in this study was such that: a

student's prior knowledge of a concept t could be evaluated For content con-
sisting of more or less discrete units of information, \e/valuation of prior
knowledge by the method employed here may not be feasible.
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Response Latenc Its' Relationship with Errors
and Response tabl‘hty in 1wo Tasks involving
~Response Competition :

Purpose

The present study (Berman and Villwock, 1969) was designed to investigate
the relationship between response latency and the tendency to make an errow,
rather than a correct response, and the tendency to make a stable, rather than
an unstable response. .

The following expectations were proposed:

. 1) Students would iake more errors and have longer response
latencies on probfems which involved a higﬁ degree of response
competi t19n than on those with 1ittle respone competition.

2) Students would have longer test and- retest response latencies

for problems on which the response was changed from the test
to the retest than for problems on whicbv?ﬁ:éh’e response remained ~
the same. o '

3) In the present study problems were designed so that they would

be of varying difficulty, with both the error response tendency
and the correct response tendency varying in sf.rgngth. However, -
some instructions and examples of correct responses were given,
so that the correct response tendency was probably either
stronger than the error tend;ency or, if it was weaker than the
error tendency, it was at least moderately strong. It was,
;herefore iexpected that the response latency for errors would
'be 10n3er than the response latency for “correct'respanses.

Method .

Fifty-three college undergréduates from two introductory courses were
enrolled in the experiment as paid volunteers. There were 30 men and 23 women.
Students were told\that they would be paid a flat rate for serving in the

experiment in two sessions.
The same computer program was administered to students twice, with a six

to eight day interval between the two tests. Students were given instruction
and practice using the 1ight pen and typing and entering responses. They were
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told to answer as soon as\they thought they kn'ew the correct answer and that
i both speed and accuracy were important. The two keys used to enter responses
were covered with red tape and referred to as the '"red keys" in an attempt to
facilitate discrimination and shorten response time. Introductory and instruc-
- tional frames remained on the interface until the student indicated his readi-
" ness to proceed by pressing the red keys.

-~

i

Results

The results confirmed two of the study 3 hypotheses "and were equivocal
with respect to the third.:
 Students made more errors and had longer response latencies on problems
which involved more ,competition between responses than on those with less
response competition. This was true with both types of problems .even though in -
each, response competition was varied i.n'a di fferent manner.

In the s'et tasks the number of 'responses' which appeared relevant to problem
solution were varied. Single dimension problems could be so(lved by‘simply
attending to the one feature of the stimuli on which the two choice figures
differed. 1In contrast, the crjtical feature of the multi-dimension problems
could be any of a number of .dimensions on which the choice figures differed.

In order to solve the multi-dimension problems students were required to attend
to each of these stimulus features until they found the critical feature. In
the base problems, the degree to which overléarned habits from base 10 were in
conflict with new responses associated with ‘other base systems, varied.

The results are perhaps more clearcut for the base problems than for the

" set problems, since the difference between the response latencies of single
and multi-dimensional problems failed to reach éignificance on the retest. In
constructing the set figures there were no controls for perceptual variables.
Instead, perceptual differences were randomly distributed among single and
multi-dimension problems since the ten sets of stimuli were randomly assigned
to the two conditions. Perceptual factors were undoubtedly a source of
significant variability in errors and latency among the five single dimension
problems, and among the five multi-dimension problems. A possible means of.
controlling for these differences would be to construct two sets of choice '
figures for ‘each pfoblem, thus creating a single and a milti-dimension form of

~ each problem, each to be admini'stered to a di fferent group of st_udent,s.
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Students took longer to produce errors than correct responses on both
types of problems. The differences were highly significant and were not due
to the fact that errors and long latencies were both -associated with signifi-
cant factors such as tost vs, retest, s1ngle vs. multi-dimension problems, or
‘type of base question asked. These factors had been equally weighted in cal-
culating students average latencies for correct and. incorrect responses.

In the set problems two response alternatives were given; in the base
problems students produced a're'sp.o_nse from an unlimi ted number of alternatives,
although the two strongest response tendencies were presumed to be the correct
response and the response which would be correct in the base 10 system. of
course, other responses were possible and were, in fact, made. It is inter-.
esting that these other errorresponses were also associated with longer
latencies than correct responses. :

Although numeri cal base 1nstructions were ‘held to a m1n1mum. they were
obviously sufficient to establish the correct response as a strong competitive
response. If it were not so, there would be little competition between the
correct response and base 10 habits, and-"quick errors" based on strong base 10
habits would probably have been made. After subjects produced each number in a
series they were told the correct response. Subjects made many errors at the
power changes. However, the time taken to produce numbers at power changes '
increased with each power change up to the. third or fourth in the series. This
increase in response latency coinci ded .with decrease in the number of correct
responses produced by the group. '

" The procedure used in the present experiment was more ke the usual school
situation in which some instructions are given, so that the correct response
becomes a strong, if not dominant,.response. However, 1t is well to remember
that the positive association between error rate and latency may be restricted
to situations where the error response is not 1n a strong dominant position.

In the set task there was no obvious: relationship between error'rate and

© . mean latency for the ten problems. The correlation between error rate and mean.
latency for the nine base problems was .82. ‘

It should be noted that, while students took longer to produce error
responses than correct responses, students who had longer mean response
latencies did not necessarily make more errors than those with shorter mean

107




100
L 4

' latencies and error scores on the retest' but not the test. In contrast, the
relationship between mean iatency and error scores on the set problems was
negative (and significant on the test, but not the retest). The relationship
may indicate that more care was taken by students who were more successful,.
and this interpretation is supported by the fact that students who spent more
time looking at the instructions for the base problems took longer to respond
to set problems and made fewer errors on set problems. |

It was expected that students would have longer test and retest response
latencies for problems on which the response was changed from test to retest
than for problems on which the response remained unchanged. Mean laténcies of
changed and unchanged responses wi thin six categories were compared. In all six
categories the average latencies of changed responses were: longér than those of
unchanged responses, but the difference between changed and unchanged responses
reached significance in only one category. The number of students with appro-
priate data to make these tests was small, particularly for the base: problems.
The hypothesis cannot be accepted based on the results-of the. present experi-
ment, but it is certainly worth further testing.

of Feeagglgkl t:vni th%'d' ESZ:E"R:S ggeﬁils:ggizcti on
Purpose -
The purpose of this experiment (Borman and Hall; 1969) was two-fold:

1) to test the assumption that 16 stimulus items were of equal difficulty; and
2) to test the relative effectiveness of prompting and confirmation as two modes
of feedback. It was expected that the stimilus items were not of equal diffi-
culty; that the stimulus items would be learned in less time than when presented
under the prompting mode of fee&'back; and that the items would be more readily

" remembered after varyihg periods of time when presented under the copfi rmation
mode of feedback.

0T
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Method

~ Forty-three volunteer subjects were obtained _i’rom an Educational Psy-
-chology 14 class during the Fall 1968 term at The Pennsylvania State University.
The Ss were notified that approximately two and one half hours of time would
be required to complete the study; that they would be required to return to
the CAI laboratory 1, 7, and 21 days after the initial training session; and
that they would be paid $3.25 for their time.

Each S was randomly assigned to either the prompting or confirmation mode
of feedback and trained to a criterion of 2 successive errorless identifications
of the 16 stimulus materials. The Ss returned to the laboratory 1, 7, and 21
days foll2wing completion of the training session and were ‘administgred a reten-
tion test during which the Ss tried to identify each of the 6 original stimulus
jtems randomly ordered. Before the first retention test the Ss were adminis-
tered an opinfon survey dealing with their experiences with 'CAI.

Findings

An analysis of variance procedure for repeated measures used to test the
hypothesis that the 16 stimulus items were of equal difficulty. The total
number of trials required to 1earh each stimulus item was the depende:t variable.
Because of the significant interaction, it was necessary to examine the simple
effects, 1.e., test the effect of the stimulus item at-each level of feedback.
The least significant difference procedure was used for each level of feedback.
The items did di ffer significantly from each other at both levels of the factor
"mode of feedback." The order of the items also differ at both levels of the
mode of feedback factor. This makes it necessary to analyze the random split -
halves by the orders obtair{ed from both the prompting simple effect and the
confirmation simple effect. The items were arranged in descending order from
most d*fficult to least difficult for each simple effect. " Those items were
marked with a P for each level of the criterion. Those items not so marked
were taught by the confirmation mode. In the majority of cases, the items
taught by the prompting mode of feedback were harder or easier, but not equal
in difficulty, to the items taught by confirmation. Also, in the majority of
the cases the items actually included in the split half were significantly
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different from the 1tems which should have been included in the split half.
Only those items chosen for the prompting mode of feedback at the sixth level
of criterion did not differ significantly from the ideal split “half.

To examine the expectation that prompting would facilitate learning, three

'variables total time to criterion, total number of trials to criterion and

student opinion were examined. A multivariate analysis of var‘lance procedure
produced an F of 4.80, df = 3.39, P <.01 indicating that significant differ-
ences did exist among the groups.

The Ss who learned the items by the prompting mode of feedback required an
average time of 87.69 minutes (S. D. = 31.21) and an average of 7.35 trials
(S D, = 2, 90) to reach criterion while the Ss who learned the items by the
confirmation mode of feedback required an‘average time of 98.70 minutes
(s. D. = 32.97) and an average of 10.55 trials (S. D. = 4.95) to reach crite-
rion. A t of 2.54, (df = 19) was significant at .05 level for the average
number of trials to reach criterion indicating that the prompting Ss took
fewer trials, but the same amount of time to learn the items than did the con-
firmation Ss. ' o

In addition, the student opinion scores obtained 1 day after training
showed the prompting Ss to have a significantly (. 05) more positive attitude
toward CAI than the confirmation Ss. :

The expectations. that confirmation would produce higher levels of retention
than prompting was tested by analysis of variance for repeated measures.
Although the F = 1.18 for mode of feedback was nonsignificant, a trend did exist.
Because of the tendency of the two groups to merge mys, the authors
hypothesized that the curves would cross after a Tonger period of time had
elapsed after training. . To test this, a fourth retention test was gdministered
after an interval of 90 days from the time of training. Thirty-three Ss were
available at that time and were willing to take a fourth retention test <
(N prompting = 18, N confirmation = 15). . Ninety days after training, the
prompting Ss missed an average of 8.6 items (S. D. = 3.11) and the confirmation
Ss missed an average of 9.6 items (S. D. = 2.77). The difference was not signif-
fcant, and the curves did not intersect. ‘

Ana]ysis of covariance procedures were used to adjust for the unequal
number of trials and unequal amounts of time spent by the Ss in the various

S

;
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treatments. It was assumed that if a person spent more time, or required a
large number of training trials, that his level of retention would be corre-
spondingly higher. However, analysis of covariance procedures using total

time to criterion and total number of trials to criterion as covariants did not
change the results.

Discussion . -

It was shown that the 16 stimulus items were not equally difficult as
assumed by Hall and Borman (1968). The data contained in this report suggest
that one of two procedures he followed in further studies to avoid this error:
1) that all treatments be présented with alllof the stimulus items as was done
in the current study; 2) that}natched groups- of stimulus items be formed on
the basis of the data presented ‘in this pa"per. For example, once the stimuli
have been ordered on the basis of 'djffic'ulty. one could then assign pairw"_ise
items to alternate groups on a random basis. This procedure would assure that
the two groups would have items of similar difficulty levels,. )

It was also shown in this paper that the prompti rig mode of feedback
required fewer trials to master the items than did the confirmation mode of
feedback even though both groups consumed équal amounts of time. This finding
may be accounted -for by examining the logic of the pgm. The stimulus drawing
and the name of the drawing appeared simultaneously to the students in the
prompting mode. The student could then spend as much time as he pleased
studying the item before he typed his response and went on to the next item.
However, for students in the confirmation mode, once the student typed his
answer 'and the correct name éppeared on the screen, the student only had between
8 and 10 seconds to study the stimulus and correct name togethe} before moving
on to the next item. In order for the student in confirmation mode to have an
equal amount of “"study time", he would be' required to go through more learning
trials. Amount of "study time" is a variable that should be controlled in '
further experiments of this nature. .

The authors have also arrived at the conclusion that.an additional source

of variance was introduced into the task and not accounted for. Each stimulus

S/
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item consisted of two €oncepts: A means of fastening an object (weld, flange,
scréw} etc.) and the object (elbow, valve, joint, sleeve, etc.). The authors
currently hypothesize that students may have tried to form concebts for weld,
screw, flanged, elbow, joint, sleeve, etc., instead of memorizing the name

that appears with the item. This concepf formation procedure by the students

may have contributed an additional source of error variance, possibly hiding

any effects due to prompting and confirmation Es modes of feedback. In the
future the authors plan to control this source of variance by keeping the means
of fastening tﬁe object constant and eliminating that concept from the response.
Materials are currently under development to permit the execution of this design.

Reading Rate and Retention Under
Two Modes of Presentation

Purpose

The present study (Brown, Dwyer and Hollick, 1969) is focused on the
investigation of one strategy for optimiiing reading rate. A response seﬁsitive
external pacing technique was employed whereby feading rate was adjusted on the
basis of frequently assessed immediate recall. The effects of adaptive external
pacing on reading rate, immediate recall, and delayed.recall were investigated.
The.experinent was implemented on the IBM 1500 CAI system in the Comhuter-
Assisted Instruction Laboratory at The Pennsylvania State University.

Method °

, .
Forty-two students from introductory educational psychology and psychology

classes at The Pennsylvania State University served as subjects. The students

were paid for their participation in the experiment. N

Procedure

i

Each S received 30 of the 60 passages under self-paced presentation and
30 under externally-paced presentation. §s were randomly assigned to two
groups; one group received the self-paced presentation first (SPF) and the
other the externally-paced first (EPF). Within each group each S was assigned
to one of four random orders of presentation of the passages.

112
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In both the SPF and EPF conditions each passage was followed by three
questions. Following the third question on each pacsage the S was given feed-

back indicating which of the questions he answered correctly or incorrectly.
In the EPF condition the student's performance was evaluated following

_each set of questions and on the basis of a simple set of decision rules the

reading was set for the passage:

1) If the S answered all three questions correctly, the rate was
incremented {5~ the next passage.

2) If the S answered less than two of the three questions correctly,
the rate was“decremented.

3) If the S answered two duestions correctly and 1f he had answered
all three correctly on the previous passage, the rate remained
unchanged for the next passage. ) ‘

For the first ten of the 30 passages under the EPF condition, increments
or decrements were in steps of 25 words per minute. For the second ten ’
passages, Steps of 15 words per minute were employed, and for the last ten
passages the increments or decrements were in steps of 5 Qords per minute.

.The rate for the first passage in the EPE condition was set at 225 words per .

minute on the basis of data from a pilot study. |
The Ss were run 1nd1v1dually on the IBM 1510 CRT.- Performance records o

were recorded for each Ss via the IBM.1500 student records program. Ss returned
one week later and were given a 60-item retention test made up of one item from

each of the 60 passages.

Resul ts ' , , | b v

/

Inadvertently 22 Ss were run in the SPF condition and 20 in the EPF-con-
ditfon. To achieve equal Ns two Ss from the SPF condition were picked at random .

.and their data were excluded from the analysis. |

The repeated measures analysis of variance was utilized to analyze the
data. This analysis produced the following results. The externally paced con-
dition resulted in faster reading rates (P <.01). The carry-over effect of EPF
coupled with what seems to have been a warm-up effect resulted in a significant
interaction (P <.05). For the 1mmed1ate recall scores, the effect attributed-
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to differences between the two pacing conditions was significant (P <.01). The
self—paced condition produced better immediate recall than the externally-paced
condition. Retention test scores showed no significant differences.

While the self-paced condition did produce significantly higher immediate
recall, the externally+paced condition produced significantly faster reading
with no observable -decrease in retention. Given this set of conditions, one
should perhaps ask how important immediate recall differences of approximately
four items may be, especially in l1ight of almost identical results on retention.
Perhaps the gain in reading rate in some conditions might be more important
than a loss in immediate recall. The substantive significance of differences
as well as the statistical significance should be considered.

Correlation coefficients for the EPF and SPF conditions were run. Several
interesting and some rather puzzling observations can be made concerning the
coefficients. The overall pattern is one of higher correlations in the EPF
group. Response sensitive external pacing should largely rule out the effects

of idiosyncratic pre- dispositional characteristics on reading rate. If a con- .

struct such as.optimal information processing speed is hypothesized, then the
positive correlations of reading rate with recall and retention in the EPF con-
dition would seem to indicate that the' EPF, externally paced condition did
assign Ss to rates which were appropriate. The continued positive relationships
seen for EPF self-paced seems to indicate some transfer effect of the rate
established in EPF externally-paced conditior
The generally low correlations under externally paced presentation in the.

SPF group are difficult to explain. Perhaps starting at a rate differing. from
the rate establishéd in the self-paced presentation had a disruptive effect
_ which 1s reflected in the lower correlations for this group. Perhaps further
1ight will be ‘shed on the result by additional studies employing modifications
~ of the* decision rules éemployed in this experiment. Further investigation of

individual difference variables in reiation to rate and retention is planned.

,
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. CHAPTER VII . S - - P 3
© - FLOWCHARTS . C g o
As mentioned in Chapter II, flowcharting was one of the most impontant ‘*:.;";}*; . .nw‘
activities of the project. Chapter II gives the principles of flowcharting and .+ “‘-7‘;': ﬁ
explains a sample flowchart. The present chapter devotes itself to a descrip- - ) r,":&j
tion of the instructional flowcharting strategies developed in this project. \'-‘1;3--‘, (“

Course flowcharts, section flowcharts, and question-level flowcharts will be ‘{,
" described. For a more complete description, see Teaching Strategies and Tactics i D
for Computer-Assisted instruction, (Dwyer, 1970). 2 ,‘ ;i
) | | L Yoo
;s * Course Flowcharts - - - ‘ " R
Students may be able to proceed through a course with great ‘syccess if ; i\{'é:’ﬂ
they are informed about the obJectives of the course Knowing what 1is expected j,\*’\‘)l
" of them, the students can work effectively toward the objectives. ; ;{t ;V Wi :
_Jectives of course presented to student.  This procedure keeps the stu- ’\9
dent informed about what is expected of him and of his progress. Alternate 40 ";

approaches can replace presentation of the objectives of a unit wi th senta- ,»° SRR ,
tion of concepts that are to be acquired and skills that should be deagoped or »'fxf.,“_
the. presentation of" key questions the student answers (see Figure 4): } % ”j’._ ‘\,

Objectives Stated Prior to Module Instruction with Option to Repeat Module.* '-WS AN
Through this proceddre the student is informed of the objectives of the unit, . v
enabling him to follow instructions more knowledgably In addition, as the unit

is 'summarized by modules, the student can select those he should: repeat (see ’4;1: “f\\:
Figure 5). . o ' | &:‘Q’
Strategies Based on Performance _ ; SR o \,"

A common technigue in computer-assisted instr_uction is to accumulate data,’ . ‘,
on the individual student's aptitude or his performance while taking the course e

and then to\use this information t6 determine what path the student'shou_.ld follow. - L
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Key to Flowchart - Objectives of Course Presented to Student

1.
2.
3.

oy
L] L]

W O N O

10.
n.

12.
13.
14,
15.
16.

17.

Start

Broad objectives of course presgnted

Objectives of unit n are presented to the student at the student's
level of understanding ,

Instruction designed to achieve each o: the objectives of unit n
Each objective of unit n is presented once again to the student, and
he fs asked to judge whether he has achieved each objective.

Do you want to select any sections for addftional instruction?

Do you want additional instruction on objective n of unit n?
Additfonal fnstructfon on objective n

Has sttudent had the option to receive additfonal instruction on all
objectives of unit n?

Quiz gn unit n

Analysis of quiz results to determine which, if any, of the objectives
were not achfeved

Is remedfal instruction required?

Remedfal instruction on sections determined by results of quiz

Quiz questions on those sections that requfred remedial fnstruction

Was criterion met on the quiz?
Proctor message is sent to proctor station indicating the specific

deficiencies of the student; off-1ine instruction would be given.
When the student had achieved criterion on an off-1ine quiz similar
to his most recent qufz, instruction then could proceed.

Next unit of course
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Objectives of Course
Presented to Student

No‘

£

\ 15Z Ho" 15 B s 13
Yas ,

Fig. 4. Objectives of course presented to student.
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Key to Flowchart

. Objectives Stated Prior to Module Instruction with Option to Repeat Modules

W o N O 00

10.

B W N —

Start
Objectives to be achieved in unit n ire presented

‘Module of instruction in unitn

Is this the first time the student has received the instruction

fn this module? ‘
Have all modules in the unit been presented?

Summary of unif. n _
Do you wish to repeat any of the modules in unit n?

Module is selected
Has entire course been presented?
End '

118
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Objectives Stated Prior to Module Instruction
with Option to Repeat Modules
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6

Fig. 5. 0Objectives
repeat modules.

‘stated pr¥er to module instruction with option to
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Sequence based on diagnostic tests. Here the student is introduced to the
program, receives basic directions, and is given a diagnostic test to determine
the help he needs. Based on test résults he {s branched to appropriate instruc-
tion, given an exercise on what he learned and a posttest to determine the
extent of his learning (see Figure 6).

Course presentation in three tracks. Instruction for the below average
student contains a minimum number of concepts and drill work; for the average
student, 'ba_sic concepts, additional concepts, and some applications of more
advanced exercises; and for the above average student, all concepts, enrichment
material, and advanced exercises. At specific points decisions can be made
regarding the student's needs (see Figure 7).

Flexible strateqy for slow, average, and advanced students. This strategy
allows for slow, average, and advanced students to proceed through a course.
The advanced student has the shortest and most direct route through the course.
Each student receives a body of instruction and questions. Students are
branched to remedial, review, or advanced materials according to performancé on
criterion items (see Figure 8).

Shorter sequence for better students. This procedure allows the better
student to get through the material at a rapid rate, but it also presents a
review of the type cf material he may elect to skip (see Figure 9).

Sequence and review based on errors made. Here the student 1s given a
choice of a quiz‘first. The quiz is analyzed and a branch {is made depending on
the number of errors.. If errors are greater than an established percentage,
the student is branched to instruction. If the number of errors is less than*
an established percentage, he is given a review of those items he answered
incorrectly. If he has no errors he proceeds (see Figure 10).

Hierarchical instruction beginning at highest competency of student. This
technique is used‘in disciplinés 1ike math and physics which lend themselves to
a hierarchical design. Here the content of a course can be separated into com-
petencies which dre related in such a manner that capability in certain areas
is a prq/requisite for success in areas higher in the hierarchy. The course can
begin with a quiz on the sk11ls and concepts in the highest competency in one
branch of the hierafchy. If criterion {s met on the quiz, another branch of
the hierarchy can be entered. If criterion is not met on the quiz, a quiz can

4
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Key to Flowchart - Sequence Based on Diagnostic Tests]

! 1. Start

2. Introduction to the computer and basic directions

3. Diagnostic test to determine the concepts with which the student
needs help

4. Student's score on concept n in dfagnostic test is evaluated. If
student understands concept n well enough to achieve the desired
criterion on the diagnostic test, he is branched to further {nstruction
on concept n (block 5). If student meets the criterion level, he is

' branched to the next decision point ithere it is decided whether or

not he meets criterion on concept n + 1 (block 6).

! 5. Instruction on concept n

6. Have the results of the diagnosfic test been used for all concepts

tested? )
7. An exercise is provided in which the student uses the material under

study
" 8. A posttest simfilar to the diagnostic test is given and results used

to evaluate student's learning
9. Stop '

J

]From Penn State's course segment Spelling, Project 5-85-074, IBM 7010 or
1410; authors: Helen L. K. Farr, Harriett A. Hogan.




115
Sequence Based on Diagnostic Tests

an

8 D)

Fig. 6. Sequence based on diagnostic tests.
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Key to Flowchart - Course Presentation in Three Tracks

O 0 N O

1.

12.
13.

14.
15.
16.
17.
18.

19.

20.

Start

Analysis of pretests

Should instruction proceed in the track for above average achievers
(track 1)? A

Should instruction proceed in the track for average achiévers (track 2)?
Highest 1evel presentation (track 1) of instruction on concepts in
section n '

Criteria questions in track 1 on concepts presented most reéently
Should enrichment activities or advanced exercises be {ntcluded here?
Enrichment activities or advanced exercises

Decision is made and recorded whether the track of presentation should
be lowered to average-level instruction

Have all sections in this unit been presented?

Average-level presentation (track 2) of instruction on concepts in
section n )

Criteria questions in track 2 on concepts presented most recently
Decision is made and recorded as to whether or not the track of presenta-
tion should be raised, lowered, or remain in the average track
Below-average presentation (track 3) of instruction on concept(s) in
section n

Criteria questions in track 3 on concepts presented most recently
Should a recapitulation of the instruction be given?

Recapitulation of recent instruction

Decision is made and recorded whether the track of presentation should
be raised or remain at the below-average presentation

Unit exam 1s given and grades are assigned by consideration of exam
score and most recent track of presentation

End of instruction or next unit

«

\

-
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Course Presentation in Three Tracks

Track 1
5 1 14
! ! !
6 12 15

S
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Fig. 7. Course presentation in three tracks.
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Key Eg_Fiowchart - Flexible Strategy for Slow, Average, and Advanced Students
/

1. Start
2. Instruction and questions on concept n for all students (slow, average,
and advanced) |
3. Quiz on concept n
4. 1s the score on the quiz indicative of a need for review?
Does the score on the quiz indicate that the student has a background
for advanced work?
Advanced instruction and questfions
Does the student need review on the advanced instruction?
iMore advanced instruction and questions
Review on advanced instruction just presented
10. Review instruction and questions
11. Does the student need additional remedial instruction?
12. Remedial instruction and questions
13. Have all concepts been presented?
14. End

O 00 N O
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Flexible Strategy for Slow, Average,

and Advanced Students

10

(")

12

No

Yes

No

13

Ye

Flexible strategy for slow, average, and advanced students.

Fig. 8.
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Key to.Flowchart - Sﬁorter'SeqUane for Better Student

Start
Presentation of section n ‘ \
Quiz
. Did the student know the content well enough to proceed?
Rapid preview of the next section
Student is' asked whether he would like to skip the next section
Is there more material to present?
End or test

”

R N O OB W N —
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. Shorter Sequence for Better Student- - / '
0 . .-
(
_; .
1 Fig. 9. Shorter sequence for better student
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Kgx@_‘ﬂowcha'rt - Sequence and Review Based on Errors Made™

1. Start ; .
2. Choice of instruction or quiz '
" 3, Instruction which could include .any number of steps
4. Quiz on instructional material from Block 3 |
5. Branch d'e'pgnd1ng upon number of errors in quiz: (If there are no .
errors, student goes on to new section. If criterion was met,
" student is given review on the guestions he answered 1ncorrectly
If criterion was not met, student is branched back to instruction.)
6. Review is ava11ab1e on all quest1ons, however, student is qiven
review on questions. he ‘answered 1ncorrectly
7. *Continuation of course

.rom Penn State's course segment Scientific Notation, Project No '5-85-074,
IBM 7010 or 1410; author: Joseph Ritchey.
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be administered on the next lower level of the hiei'archy. If criterion is met,
instruction begins at the next higher level of the hierarchy; if criterion is
not met, a quiz would be adm‘nistered on the next lower level until a level was
found for which the stud had the necessary prerequisites (see Figure 11).

Student-Selected Sequenceé

There are instructional sequences wherein it may be desirable to deviate

 from a definite order of presentation within a specified framework and allow

the student to make a choice in regard to the presentation of material. Options
could be to skip a section of a course, select the order to study required
topics, or choose to review or not. '

Student choice of additional practice or test. The student has the choice
of receiving an explanation, practice problems, or a test. The only' difference
between doing practice problems and the test is that during the test, counters
are used and the student must answer so many consecutive problems correctly in
a.certain period of time in order to proceed to the next section (see Figure 12).

Student given option to skip section of course. For each section, the
student is.given a preview and an option to 'skip that section. After all the
sections are comp‘léted or skipped, the student is tested on those sections he
selected to skip. If the test reveals insufficient competency, he is branched
back to these sections for instruction (see Figure 13). |

Type of sequence through course chosen by student. Student is given the
choice to proceed through the regular programed sequence, a self-structured
Seqqftance, or a quiz. If he chooses the regular programed seduence, he goes
through each of the concepts in order and then te the quiz. If he chooses the
self-structured sequence, he can go through the instruction on the concepts and
quiz questions on each concept in any order he chooses. If he chooses the quiz,

~ he gets an opportunity after the quiz 1is comp]eted to choose the concepts he

would nge to review. Depending upon his score on the quiz and the way in which
he has chosen to go through the program, he is given various kinds of feedback.
The feedback may consist of his score, an explanation of those question's he
answered incorrectly, an explanation that goes along with each item under each
multiple-choice question that s‘tudent'can choose, and a statement telling him
on which concepts he has shown competencey (see Figure 14).

132




) .. N : .
¢ . . '
. s ¢ .
0. '
. 7 .
. ! . . -
’ .
+ . + .
» 4 0’
. ; ,
] -
+ ‘ .
- ~ ‘
‘ ()
-l
3
N 4
-
4
, .
O ' .
: .
—— — e g . s s e o T, ——




: [ Ve
' '
M

126

AN

3

Key to Fl owchart

This flowchart gives the logic 1nvolved in one branch of the hierarchy of

'-H1erarch1ca1 Instruction Beginning at Hthest Compt etencx of Student

the course content. .

1.

2/

]0.

1.
12,
]3.

Start o - .
Quiz on the competencies of the highest level of this branch of the
hierarchy

Was criterion met on the quiz?

Quiz for the competencies at the highest level of another branch of
the h1erarchy | |

Did the student come to the criterion quiz after receiving 1nstruct10n
at the highest level of .this branch of the hierarchy?

Quiz on the competencies of the next lower level (level 2) of the

"hierarchy

Was criterion met on the quiz?
Has student received instruction at this level two successive times
without achieving criterion?
Instruction on the highest level (level 1) of this branch-of the
hierarchy; (The instruction may include remedial instruction for the
student passing through the instructional sequence a second time
after failing to meet the criterion on the quiz.)
Quiz on the competencies of the next lower level (level 3) of this
branch of the hierarchy | ‘
Was criterion met on.the quiz?
Instruction at level 2 of this ‘branch of the hierarchy
Processing may continue in one of three ways:
a. Quiz on the next lower level of the hierarchy with the same
logic being followed as the logic for other criterion quizzes
b. Branch to another section of the course which is considered to
be a prerequisite for this branch of the course
c. Instruction at this level, which would be the lowest level of
this branch.of the hierarchy




A "“ |
. N .
i . L
[ | S | |
‘ | Hierarcmnstruction Beginning at '
) " Highest Compet‘ency of Student
! | N | |
| : 2 -———— 9 - -
) / ] : . - . L
L o T B
' Yes a |
i
' No
i o Yes
,’ . [No ,
B No
2 Yes ‘
10
: Fig. 11. Hierarchical instruction beginning at'hfghest competency
of student. B A
L\
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Key to Flowchart - Student Choice of Add1t10nal Practice or Test

].
2.

1.
12.

]3.
14,
15,
16.
17.

18.

19.

Explanation of options ava11ab1e student makes h1s se]ection -
Did the student choose to take the test first rather than hav1ng the

explanation or practice?
Zero is loaded into switch n which records that the student is doing

'problems for the test

Did the student choose to have the explanation of procedure?
Explanation of procedure is given and the student»proceeds with

practice problems
One is loaded into sw1tch n wh1ch ‘records -that the student is doing

problems for practice _
Problem randomly generated by the computer is presented to the student

The student responds

. .Was the response correct?

Branch -depending upon switches and counters; (If student is doing

‘practice problems or has met the criterion on the test, response

latency is given next. If more test problems are required, student
receives a new: problem.)

Counter used to count number answered correctly in test is incremented
Response latency typed out to student at end of each p:actice
problem and end of test

Branch depending upon whether student is doing practice problems or
the test

Student has choice of more pract1ce problems or the test

Branch depend1ng upon response latency on the test -

Next section of course similar to this one

Initialize to zero counters and switches for student taking test in

. order to record how many consecutive problems answered correctly

Since student did not match the correct answer, the correct answer 1is

. stated along with an example of how it was “arrived at

Is student taking test? If student is doing practice problems, he
goes batck to the same question and answers it again; if doing test,
counters and switches are initfalized to zero




‘\

Practice problems or
criterion

met on tes;_ o
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éS : ,.‘. . 'q'_‘

: Time too long S e
- ’ 16D .
criterion - ‘&y '
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'Fig.‘, 12. Student chéice of add1t10né1“prac’t1cé or test.
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_x to F1owchart - Student Given. thion to Skip Sections of Course3

w

® N O A s

/

.Bngn : .
Preview of section n, 1nc1ud1ng a content outline

Is the student following a flexible sequence? (This can be determined

by a pretest by the 1nstructor or by previous work in the course )

"Do you want to skip this, section?" .
: R 3\
Presentation to section n material : ~

. Did the student know the material,well enough to proceed?

Remedial instruction given on sectionn’

\Student is allowed .to decide whether ‘or not he will receive a repeat .

presentation of . the material in the section Just covered; option is

" given even if studeht & hieved cr_jaterion

o

1.
12.
13.

14,
15.

Has--the student been through the entire course prior ‘to this?

. "Did the student skip section n?" Beginning with the first section;

a check 1s made to determine which sections were skipped
Test on section n

,Did the student do well enough on the test?

"Do you want to study seciion .n?" Option 1s given even though
criterion was met

Has student completed or been -tested on all sections?

End | |

3

From Penn State's course segment Audiology, Project No. 5- 1194, IBM 7010

or 1410; authors: Bruce M. Siegenthaler, Jeffrey Katzer

138




~ Student Given Option to
Skip Sections of Course
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Project No. 5-85-074, IBM 7010 or.1410; authorS° Keith A, Hall and
‘Harold E. Mitzel. : :
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Key.to Flowchart - Type of Sequence :Through Course Chosen l_)_x.Student4
1. Start
Introduction
Choice of programed sequence (A), se]f str"‘uctured sequence (B), or
quiz (C) , )
4, 'Instruction on. concept n :
. Branch depending on choice made in step 3; for the regu]ar programed
sequence, steps 4 and 5 are repeated as - many times as_the number of
‘ .concepts to be presented, each time a.new concept being presented
6. Have all concepts been presented? "
7. Choice of 1nstruction on any of the concepts or the quiz on these
concepts :
*s. Quiz on concept n for regular programed sequence quiz 1nr1udes all
concepts B :
9. Branch dependinq on choice made 1n step 3 (A B, or c)
* 10. ‘Score on most recent questions revealed to students and opportunity to
. w» review specified concepts given and carried out
“11. Branch depending on choice made in step 3 (B or C)
12. Branch depending on total quiz score
13. Student told that all.answers were correct y |
' 14, Branch depending on choice made .in step 3 (A, B or C) , | )
15, 'Statement made to student concerning compfetion of 1nstruction ' )
. 16. End |
| - 17. Branch made depending on choice made in step 3 (A. B. or C)
r . 18. Student is told on which concepts he is competent and those on which
' he needs instruction Y
19, Choice of going to end or back to point where choices can be made of
-+ the concepts on which to receive instruction ,; - *
20. Explanation given on each response which was 1ncorrect
21, Branch depending on choice made 1in step 3 (A or B) .
22. Student can select from al'l quiz questions and receive exp]anat'lons '
_- ' - regarding them :
. 23. Student can choose whether to go to end or to be given opportun‘l ty to
:' review .
; l ~ %rom penn state's course segment Educational Measurement

G v - ' ) . I
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Type of Sequence Through Course -
. - . Chosen by Student. '
i R .« '
A. Regular Programmed Sequence

B. Self-Structured Sequence
C.. Quiz

s

All & Some' - A

: Qorrencorrec [3 | 2
1 0 Hd s e C'. | s BN
Il o AA -:';.-' ‘ -
{ S B. | | 'y :
’ | > gp  <oo—@

Stop

- o Fig. 14. Type of sequence. through course chosen by student.
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Student-control of course content. A;"map“ of the eht1re»course is shown /

to the student at the beginning of the course. The map would consist of inter-

" related blocks containing the topics included in the course. The' student may

select any segment of this map for further scrut‘ln_'y} At _th1s'po{nt ‘he 1s given
a more close-up view of the segment that he selected. He can continue this
process of -going deeper and deeper into the course material or into the maps,

. or he Qan indicate that he wants to withdraw one step or move s1deways to

another map region at the same level 1n which he 1s work1ng. At any. t1me, the

student may go back to the main map (see Figure 15).’ , \ -

Student choice to receive explanatton of quiz questions and/or rev1ew
Student receives introduction, then 1nstruct1on,.he then has a choice of
reviewing the instruction,. stopp1ng until a later t1me or cont1nu1ng w1th
more instructionfollowed by a two- part qu1z At the end of part 1 of the quiz,
the student has the option of rece1v1ng an explanatfon of any or all of the

-questions. After receiving the explanations or- dec1d1ng not to receive them, ‘
" he proceeds, to the second-part of the quiz. -His score 1s g1ven at the end of
the entire qu1z He then has the opt1on of going on to the next chapter,

repeating this chapter, or stopping (see Figure 16). .

Student-adapted multi-level instruction. A course can be compr1sed of
several independent blocks of instruction. Strategy may allow the student to -
select the order he will enter the blocks of 1nstruct1on When a block is "
entered, the student first receives a d1agnost1c test on the content of the
block; {f performance is satisfactory, the block is ex1ted, otherwise, the

.student will receive instruction followed by a criteHdn test. If criterion is

not met, the student can choose his next block of instruction. Within each
block, the student may elect to enter review and request help routines (see
Figure 17).. ‘

Section Flowcharts

~ The strategtes presented here represent sections of a course. Many include
programing over several quest'lons or rrames, such as those giving cumulative "
feedback relative to a set of- quest!onse

A}
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Key to Flowchart - Student-Control _ci Course Content

1.

2

[& 2 R~ NN N |

O O ~N O

10.

12,
13,
14,
15.

16.

17.
18.
"9,
20.

21,

Start , ,
Main map of the course is shown to student; (sections on the main map

could be descriptive chapter titles) |
Did the student choose to explore section 1 further?
Sections 2,"3, and so on, all of which have flow similar to section 1
Map indicating subsections of section 1 is shown to the student;
(this map could be chapter subt1t1es) .

. - Was "main map" chosen?
. Was a related section at the same level selected?

Was subsection 1 chosen by the student?

Sypsections 2, 3, etc., of section 1; <ach is similar in flow to
subsection 1 . ' _
Items for study within subsection 1 are shown in map form to the
student

Was "main map“/chosen?

Was a related subsection at the sare level selected?

Was the subsection map for section 1 selected? -

Was 1tem 1 of the map selected?

‘Items 2, 3, and so on of subsection 1; the flow in each 1s similar

to that of item 1

Instruction on item 1; (within each phase of instruction, the stydent
is allowed to select different topics for study by choosing other
parts of the course map) .

Did the student choose to go back to the "main map?" "

Did the student select related instruction in subsection 1?

'Did' the student select the subsection map for section 1?

Did the student select the item map in subsection 17
Continuation of instruction on item 1




Content

Student-Control of Course

SECTION 1

SUBSECTION 1.

- 145

Student-control of course contént.

Fig. 15.
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Key to Flowchart

Student Chofce to Receive Explanation of Quiz Questions and/or Review

5.

1

2.
3.
4

13.

15,

16. .

17.

Start
Introduction to the course segment
Beginning of instruction

Student 1s given option to receive efther a review of previous instruc- -
" tion, or instruction on new material

Review of previous instruction

Instruction presented on new material

Part 1 of quiz |

"Do you want an explanation of question 1 in part 1 or quiz, or
all questions explained?"

Explanatian of question n

Has option for all questions been given?

Do you want an explanation of next question?

‘Explanation of each ‘question in Part 1 of quiz

Part 2 of quiz .

Feedback is given: "Your score for Part 1 and 2 of quiz 1s
Student is given option to proceed to the next section; repeat
this section; or stop ' ' |

Next section

Stop

5

. From Penn State's course 'ségment Management Accounting, Project No. 5-1194,
IEM 7010 or 1410; authors: Joe J. Cramer and Carl R, Palmer. R
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1. .
- ‘Student Choice to Receive Explanation | N s

of Quiz Questions and/or Review

1 Fig. 16. Student dhbice to receive éxplanation of quiz questions and/or
review. ! A :
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Key to Flowchart - Student-Adapted Multi-Level Instruction6

WOONOOMPEWN —
L] L] - L] L4 L] L] L]

» Instruction:

Sign on»

.. Introduction to course: 1ist of topic areas

Has student completed smear technique?

Did student elect to enter smear technique?
Diagnostic test: smear technique

Was student performance satisfactory?
Instruction: smear technique

Does the student wish to review?.

Review: blood smear-technique

Criterion test: smear technique

Is remedial work required?

Remedial: smear technique

Has criterion been reached?

Has student completed stage {instruction? - .
Did student elect to enter stage instruction?
Diagnostic test: stage instruction

Was student performance satisfactory?
Instruction: “stage discrimination

Does the student wish to review?

.Review: stage discrimination

Stage drill

“Has student requested assistance?

. Assistance: stage drill

Has student completed the drill

Criterion test: stage discrimination

Has student completed species diagnosis?

Does student wish to enter species diagnosis?

. Diagnostic test: species.diagnosis

Was student performance satisfactory?

Instruction: diagnostic properties

Is further 1nstigct10n required?
ifact discrimination

Is further instructicn required?

Does the student wish to review?

Review: species diagnosis

Species drill

Criterion test: species-diagnosis -

Has student completed all sections?

Off-11ne microscope test

Is. remedial work required?

Remedial: species diagnosis

Sign off '

6

authors:

From Penn State's course segment Laboratory Diagnosis of Ma1ar1a Office
of Naval Research, Contract No. N00014-57-A-0385-0003, IBM 70Tt
CDR M. Stirewalt Lincicome, MSC, USN; R1chard Beaudoin HMC Dean,

Armstrong, USN (Ret.); HM1 Arthur Wentland, USN; Leslye Bloom.

s
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" present ten problems one at a time with the answers and pro.blems remaining )
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ijing C'umulative Feedback

One of the primary advantages of computer-assisted instructi on 1s the

‘facﬂi ty each student is givenby providing feedback concerning his progress.

After information is aceumulated about' the studezt s performance, prob]ems can
be assigned to add1t10na1 1nstruction or drill. .

' Indicating response latency to student. Each.time the student answers a
question his response iatency is added %o a counter. When his answer is pro-

: cessed, he is told whether he is right or wrong and how many seconds he spent
“on the: question (see Figure 18). ‘

/

Testing student and giving feedback to student and prcctor.' This -routine//

is designed for a test situation. The test is written in a manner that will /

/

visible. When the student completes the last problem. the program analyzes

‘ all answers and indicates to the student whether each answer 1s correct (see
Figure 19). S ' '

G'Iving information to proctor when student comp]etes an 1nstruct10na1
session _When ‘a student has completed an instructional sess1on, it may be
desirable to have information on his performance: what part of the course he

. comp]eted how many questions he answered 1n session; how many questions he

answered correctly-on first attempt; how many times did the student time-out;

-and how many minutes was the student on the course_(see Figur_e 20)

Flexih1e Course Flow -

-for 1nd1v1dua1 differences’may not achieve the objectﬂes efficiently

One of the difficulties with cbn\ientional classroom teaching is th_at"'the
1nstr_uction cannot be made suitable for a wide range of capabilities and
interests. CAI courses can be programed .to aHow for 1nd1v1dua1 differences
and difficulties. ~ e

~ Student control of course flow. In the initial development of a course ~
the author cannot bé certain that the selected content and organization of the :

| ‘course~{s the most efficient for achievement -of the objectives of the course.

Even aftér revi sions are made on the basis of student performance and observa-
tions by the students, instructor, ‘and others, a program which does not anow |

4
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Key to Flowchart - Indicating Regpcnse Latency to St:udent:7
- 1. Start
2. Initialize to zero counter used to accumulate response latency
(counter n)

3. Update restart record so that if student signs off before the problem

s completed correctly, this will be the restart point

4. Show the proper image on the image. projector =

5. Display the statement: Examine the image. What is the atomic number
of sodium? . -

6. Student may respond to the question

7. Add resbonse latency to counter n . |

8. Is answer correct? "If so, go to 9, if not, go to 10 |

9. Display contents of counter n within the statement: It took you

seconds to answer the question correctly
10. Display counter n within the statements: Wrong. You have now |
‘ s'pent ___seconds trying to answer this question
11. Next pr;oblem - ‘

7Fr-om Penn State's course segment Atomic Energy_, Praject No. 5 85-074
IBM 7010 or 1410; author David A Gilman. -
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_, 1n§iicati ng Résponse Latency. i:o Student -

Tas

Indicating response latency to student.
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10.
n.
12.

13.
14,

15.

Key to F1owchart' - Testing Student and G'lw'l ng Feedback to Student and Proctor
. Start | ' - | |

Display example prob1em on the image projector

Display one prob1em and allow student to respond

Is student's response correct? If so, go to 6; otherw'lse q0 to 5
Load 0 into appropriate switch . s o a8

. Load 1 into appropriate switch N

Move the problem label (A B, etc.) 1nto a buffer area for 1ater use
to display to proctor which problems were correct

Add 1 to total-correct counter

Are aH the test prob1ems d'lsp1ayed? If not go to 33 otherwise go
to 10 IR . . B
Test the switch recordirrg correctness (# each problem. If equa] to
zero, go to 11; -otherwise go to 12 :

Indicate a wrong answer by p]ac'lng the letter 'w' beside the appro-

fpriate prob]em label and go to13

L
Indicate a correct answer by p1ac1ng the 1etter 'r' beside the appro-

_priate problem label and go to0 -13 '

Have all switches been tested? If so, go to 14 otherwise go to 10

- Send proctor message; that 1s. disp1ay contenfs of appropriate buffers,
counters, and switches at proctor station :
_End of test .

/
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Testing Student and Giving

Feedback to Student a'nd.Prqctor

[
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Key to F‘Iowchart
. Giving Information to Proctor when Student CLD‘Ietes an Instructiona'l Sess'lon8 l
"™ 1, Signon | ]
; f \\ 2. Initialization ‘of coqnters to be used for recording of - number of
PN
- l \ questions answered, number answered correct‘ly on the f1rst attempt,
" number of time-outs, etc. - :
3. Body of 1nstruct1©\n\ which uses the spec1f1ed counters to record
information o o
4, Question is presente and student has chance to respond :
5. Did student 1nd1cat that he wants-to sign off instead of respond1ng .

to question?
6. Sending of messages to proctor cons1st1ng of 1nformation on the
student's performance during the recent session b '
7. Endof sessfon; when student signs on "again he 'will. be restarted at
- beginning of. the section in which 'he signed off : | : .

8 o 8. Analysis of response and continuation of instruction - :

T . § <
» . L. .

')

_ 8From Penn State's course segnents At ebra and General Math, U. S. Off'lce of
Education through the School District of Fi ttsburgh, prime contract Grant No.
.0EG-0-8-055230-3479, Project No. 5523, IBM 1500 system, authors' Carol Dwyer, -

Robert Igo, Terry Bahn, Diana Rya‘l‘l
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If while remaining in the basic framework planned by the author, the
student can control course flow, performance of the student may be improved;
*and, in addition, when the instructor reviews the flow through the tourse
selected by the student, he may receive clues as to where revisions are needed.
Computer-assisted {nstruction can provide great opport_unity' for student-contro1
of course flow. At each question, prior to answer analysis, tests may be made
for a'specia’l code uhich if typed by the student, indicates a request for
one of the options avaflable in the course that will alter course flow (see
Figure 21). ,

Sequence based on number of consecutive problems wh1ch are correct. A
student who has mastered a concept will lose interest 1f he 1s requ1red to
‘answer question after question using this concept. In a set of practice
exercises, flexibility can result by.hiving many exercises available and
branching out of the sequence‘ of exercisesv if the student answers correctly a
. specific number of consecutive problems (see Figure 22).

Allowing student to change responses The student is given four prob]ems
to solve. He answers each one 1nd1v1dua11y in order, vn th his answer being .
placed next to the correspondi ng question After the resoonses have been
~ given, but before feedback as to correctness is made, the student {s given
the option to change any of his answers. After any desired changés are made,
- analysis 1s done and feedback 1s given on all problems (see Figure 23).

’”

| Que,s't_ion-i.'evel Flouchart's |

- Question-level flowcharts involve the strategy required for a single

question, problem, or frame.. The strategies presented here are merely a
representat1Ve sample of 'possi-ble 'sequences at the question' or frame level.

‘e
\

Individualization of Presentation S

One criticism of computer-ass1 sted 1nstruct1 on is that .receivi ng 1nstruc-
tion via a machine {s too 1mpersona1 However. there are means by which an
author can decrease the feeling ‘of the student that he 1s alone with a powerfu]'
mechanical device, ) :

~
A ]




-
P4




152

) ) | ,\‘é
Key to Flowchart - Student Control of Course Flow -
' 1.~ Start of lesson -
-~ 2. -Series of problems
3. Problem 1mmed1ate1y preceding the current problem
4,  Preliminary instructions for the current problem are presented
5.. The problem is’ presented s s
‘6. Student may respond to the question
~-7. Was an unavailable'option requested? .
8. .Message that the se1ected option is not avaiiable at th1s t1me
9. Was a. request for help from” the proctor made by the student? that
: is, did the student type "-h"? .
10, Proctor méssage is sent to the proctor station and the student is .
~ told to wait for assistance, *
11." Did the student request a review of the 1esson? that 1s, did the -
~ student type "- r'? - .
12. Re"1ew questions and discussion of the mater1a1 covered’ thus far in
the current lesson. and pertinent information from previous Tessons
13. Did the student ‘request a summary of the current 1esson? that 1s,
"did the student type "-s"? - :
14. Presentation of summary statements of 1nfbrmat10n presented in the
- _current lesson :
15, Did the student request to go back tb the beginning of the
. current. problem? - that {s, did the student type "-p"? .
T 16, Did the student request to go back to the previous problem?
that 1s, did the student type "-b"?
17. Did the student request to go back to the beginning of the
current lesson? that is, did the student type "-1"?
18. Did the student request to go to the end of the current lesson?
that is, did the student type "_e"?
19. 'Did the student request to go to the next problem in sequence?
- that s, did the student type "-n"?
20. Did the -student type the cerrect answer to the question?
21. Feedback for correct response
+ 22, Next problem in sequence

24,

.- Additional answer analysis 1nstruft1ons'
End of the current lesson -
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Kel to Fl owchart

Sequence Based on Number of Consecutive Problems which are Correct

’m-hw'mi—'

{

Start

.'In1t1alize speclfic counters for. scorekeeplng and give 1nstructlons

Question is presented and student responds .
Is the answer correct? If yes, go to 5; if not, go to l2

Give feedback that response is correct; add 1 to the total-correct
counter; add 1 to*the counter stor1 ng the number of consecut‘lve -
correct " problems . :

. Has criterion of getting a certa'ln number- of consecutive problems
-correct been met? If yes, go to 7;. otherwi se, go to 8

Indicate that criterion has been ‘met and go on to next section
Have a1l ‘Tearning exercises been presented? '
Did the. student have 60% of all problems correct?

.- Present several practice problems wi th speci fic feedback when

) | ncorrect ¢

‘Give intensive remedial 1nstruction and practlce exercises
Indicate to the student that response .is 1ncorrel:t and give speciflc '

feedback to assist the student in understanding how to correctly
answer the problem

In1t1al1 ze to zéro the counter 1n whi ch the number of consecut1 ve
correct problems is stored o _ L =

' , 1
.:‘ .« : s

2
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Sequence Based on ‘Number of _
Consecutive Problems which are Correct . | ., ¢
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Fig. 22. ‘Sequence based. on number of consecutive problems which a.re.“-
correct. R S _ -
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Key to Flowchart - Allow'lng Student to Change Responses

l.'" Four problems are presented

2. Student is allowed to respond to one of ' the questions, response 1s
-+ placed below the question .

3. The respons.eland whether it is correct is recorded ’ \
: q,' Have all qu'es"t'lon's been answered? If so, go to 5;.1f not go to 2

5. Student is asked whether or not he would like to change any answers;
’ if so, go to 6, 1f not, go to 10

6. Student is glven the opportunity to lis1* the numbers of the problems
he would 1ike to change .

7. Has the student been given the opportunity to change all problems
a that he wanted to change? If yes,"go to 10; if no go to 8 .

8. Has student indicated that he would like to change problem n? .If
yes, go to 9; 1f no go to 7 -

9, Student responds agaln to problem n; h'l.a answer and whether or not lt
~ 1s correct is recorded 1n place of.the former results

10. Student is told which answers are correct and which are 1ncorrect
11. Next problem '

-

\:

T

9

the School District of Pittsburgh, prime contract Grant No. OEG-0-8-055230- 3479,
Project No. 5523, IBM 150 system, authars: Catherine Folger and John McNear..._

164

From Penn State s course segment Algebra, U. S. Office of Education through"-_ :

’
a
3 . |
- i
. ! :

1
R !
L s




157

Fig. 23. .Allowing student to change fesponses. |
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| Introduction 0"f new concept Assume. that a new conc'ept is to be intro-

duced. Since the purpose of the quest'lon to be asked is to provide a provoca-
tive introduction or br'ldge to.what comes next, the student's respbnse should
_'not be checked for correctness However:, when the swdcnt has completed h'ls

. response. he is presented with some correct answers before cont'lnu'lng

Flow proceeds directly in. order ' -

1. Display question: What is a noun?

2. Student is allowed to respond

3, Feedback is presented to ‘the student that beglns, "You should have
typed. . " . o

" -4, The student 1nd1cates when he 1is ready to ~go on
) Personal'lz'lng a course by using student s name. .It is possible to make
the student feel that the course has been 1nd1v1dual'lzez-oy us'lng his name in
ask'lng quest'lons and 1n g'lving h'lm feedback This can done easily by ask'lng
the student to type his first name at. the beg'lnn'lng of the course or by
retrieval ‘of the student's name from h'ls record '
Flow proceeds in order:
1. The student 1is asked a question .
2. The student responds _ :
- 3. Appropr'late feedback and the st-udent 3 °name are d'lsplayed

D'Isplaqu student s response. It may bé des'lrable to display the response

made by the student Any response the student makes.is saved until the. next
" response request, Therefore. all that is necessary is for the response to_be a
displayed in an appropriate place. - - |
Procedure could be: -
D1splay the phrase, "You responded" followed by the student s response

and the questiop, "Is th'ls ‘what you ‘meant ‘to say?"

Requests Made _y Student

, Students participating in computer-assisted instruction are usually accus-
tomed to conventlonal classroom 1nstruc¢.10n in which many of their quest'lons
~are .answered and 1nd1v1dual problems may be solved w'lth a brief request With
CAI » Students may have the option to request individual ass1stance from a ’
teacher and also to make other requests. '
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Student may request assistance: from proctor' Situftions may arise in'.

which- the student reaches an impasse in the course. One way this could happen

is within a question frame that required the student to give a correct answer
before he goes on‘to the next frame, but the studen} cannot determine the covr3
rect answer from the hints given The student cannot go:on without help, and
1f the helq rec'tired is not programed into the course he can enter a request
for help from the proctor who could ‘then give him individual assistance (see
Figure 24). o

Student ma)l request correct answer. The author allows the student to

. request the correct answer to a question by entering the word "go.". 0nce “he
- has been given the correct answer, he must type it before he can proceed to

the next material. If the response "go" is not found, the student's response
is compared in the usual manner with anticipated correct and incorrect answers,_ :
and feedback is. given (see Figure .25). | ' '

Student may indicate need for review, The student may be told before

beginning a series of ques'tions' that if-'he_ feels a need for a review, such a

request may be made by typing the word "review" at the time of a response

“request instead of entering a response. One of the anticipated responses for

each question would be "review" which, if matched .would be followed by a
branch to an appropriate review sequence (see Figure 26) . -

Flexible Feedback

‘Since computers have the capability to use information about the student,
varied feedback can be stored in the-program, and its use can depend on the -
student's personality, background or performance , - -

 Feedback ad Jsted to student. Students with many personalities and past

"achievement and differing in sensitivity and temperament take courses presented

by computer-assisted instruction. Ina course with one path that all students
follow, it is possible to make feedback appropriate to the student - Several -
types of feedback may be available throughout all of the course or within

- specific. sections such as a review prior to a quiz As. examples. here are

three types

e
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| Key to Flbvichart - Student May RequeSt Assistance From the Proctor

The student may be/ given the option to 1nterrup the flow of the counse at

any. time to- request assistance. The dotted 1ines 1nd1cate student-initiated
flow. " " '

1. Start of problem
2. Question is presented ’ _
3. Student ds given opportunity to respond . -
4. Was answer correct? A \
5. Appropriate feedback 1s given and student goes to next prob'lem .
6 .
7

Was this the first 1ntorrectgresponse?

. First h1nt L QC)
8. Was this the second incorrect response? 7
9, Second h1nt ' . . S

- 10. Third hint, wh1ch 1s given on, a'l'l subsequent responses

- 11. Proctor message is sent by the student that he needs help; assistance
is given by the progtor either on or off 1ine; when the student is-
ready to continue, the computer automatically branches to the begin-
n1ng of the current problem _ . '

18
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5 r - Key _gj_ F‘Iowchart‘ - Student May Request Correct Answer"lt0

1. Entry to problem .

2. Problem is presented

3. Question is asked .

4, Is response "go?" - L S
.5. Correct response is given and student 1s told to type response
) 6. Additional response analysis takes place .
l : ‘» 7. Continuation of course

——

wFrom Penn State s course:segment Atomic Energl. Project No. 5-85- 074,
IBM 7010 or ‘I4‘IO author David Gﬂman._. A
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] Key to Flowchart - Student'May Indicate Need for Review
- "1. Question is. presented
] 2. Student responds to question ,
. 3. Did the student match the correct answer?
. 4, Did the student match a specific wrong answer?
} 5. Specific feedback is given
B 6. Did the student type the word "review"?
‘ i 7. Review R _
8. Feedback given for an unrecognized response
Bk 9. Feedback for correct response .
'lf' 10. Next problem
s
| .
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' ‘Figure 27).

1. For the "well-adjusted high-achiever,! feedback would be
- short and could include some information about the gap
between the student's ability and his performance

2. The "non-extreme personality'and/or average- achiever" would
receive the common type feedback. g

3. For. the "unconfident ‘Iow-achiever," feedback wouid be encouraging
and extensive ' : )
_ When the decision relative to the type of feedback applicable is made,
a counter can be loaded with one, two, or three corresponding to the type of
'l‘iedback " This .counter can be bh‘ecked at the appropriate points in the course
determine which of the three available feedbacks is to be used (see
\

Varying feedback for each response attem.c. Common programing usuall y'

| provides varying feedback for several anticipated responses. However, many
" * programers do not provide different feedback, for exampie, if the correct

answer is given Qn the second third, or fourth attempt as opposed to ‘the

. first attempt Feedback of "excellent" on the fourth response to a basic

question may make a student lose confidence in the course program. If

~ desirable, it is ithin the capabili ties of CAI to program varying feedback to

be used or er nt response attempts. In the example included here, the

" flow for a(m ch of the correct answer 1is shown The same 1ogic could be -

followed~for each anticipated incorrect response (see Figure 28).

' Multip'le level question. "Behind the scenes" in a question from the main
flow of a course, there may be a great deal of course material which is not
presented to the student/who quickly comprehends the objective of the particular
lesson; this student answers the question correctly and inmediately goes to
the next problem in the main flow. However, as in this example, for each of
the three incorrect choices in the multiple-choice question from the main flow,
different feedback is given and a'thought-provoking question is asked. Then,
depending upon the response to this question, a review may be given, an addi-
tional question may\ be presented, or some resulting conclusion is stated fol-

- lowed by transfer back to the original main flow question. If the student

answers the main flow question incorrectly on his second attempt, he is given
a review, - - | |

H
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Key to Flowchart - Feedback Adjusted to Student

[ , . .

1. Start '
2. Setting of counter n to one, two or three corresponding. to feedback

* type on the basis of some Judgment as to the student's personality
~or achievement
' 3. Presentation of a question, student responds
4, Was response corregt?
' 5. Should feedback 1 telHng the student he is correct, be given; that
| ~° . is, is counter n equal to one?
6. Feedback 1, telling the student he is correct, 1s given
7. Should feedback 2 telling the student he 1s correct, be given,\that .
is, is counter n equal to two? , :
8. Feedback 2, telling the student he is correct, is given
9, Feedback 3, telling the student he is correct, is given, "
10. —Should feedback 1, telling the student he is incorrect, be given; that
is, is counter n equal to.one? . '
o 11. Feedback 1, telling the student he is 1ncorrect, is-given . .
- 12, Should feedback 2, telling the student he is incorrect, be given?
13, Feedback 2, telHng the student he is 1ncorrect, is.given '
14, Feedback 3, telHng the student he is 1ncorrect is given
15, Next problem in sequence .

1

Moy -
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Key to Flowchart - Varying Feedback for Each Response Attempt

W O N AW N

].

— et
N — O
- - -

13,

Start and 1n1t1alization of the counter used to record number of
response attempts to this problem (counter (n)
Question 1 s‘presented ‘and student responds

Counter n is incremented by one | , |
Did student give the correct answer? - . - g{f .

' Additional answer analysis instructions and appropmate

dback
Does counter n contain 1? .. : . : §
Feedback 1, for response correct on f1rst attempt, is given

Does counter n conta‘l n 2? .o

Feedback 2, for response correct on second attempt is given
Does counter n contain 3? "

Feedback 3, for response correct on th'lrd attempt 1s given '

Feedback 4, for response correct on fourth or later attempts, is g'lven

"Next probl em




L

~ Varying Feedback for

'Each Response Attempt

Fig. 28. Varying feedback for each response attempt.:
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The main flow question used in this flowchart appeared. in a programed .
textbook by Heimer and others (1963). :

At any time during the multiple-level question, if the student does not-
select from the stated choices, he 'is branched to a special rou_tine to inform
him of this condition and js given a.chance to respond to the question again.
Also, after each special review, a branch is-made back to the original
question (see Figure 29). |

B 'Editing Student's ‘Response '

: It would be unreasonable to assume that each student will type the
coLrect answer in one definite sequence of characters.  Since the computer
records by characters,. it may be necessary, in order to eliminate a possible
source of confusion, to delete irrelevant characters from a student's response
prior to ana'lyzing whether it is correct. Several examples of what can be
done in computer-assisted instruction are as follows: '
) 1. replace commas and periods with a space or delete
specific piunctuation marks
compress all spaces from the student's response
compress multiple spaces into one space
- replace capital letters with lower case
replace an 1 (el) with a 1 (one)

I'n addition, words can be replaced with synonyms. ,

Downshifting response characters and replacing words with numbers. The
author specifies that the quantities 12 and 3 appear in the student's answer
in that order for the answer to be accepted as correct, but'he wishes to allow
the student to input these quantities as words, with or without capital letters,
or as numerals. - He accomplishes this by editing the response in a manner to
delete any shift characters from the student's response and to replace "twelve" 5
with "12" ‘and "three" with "3," and then testing the student s answer for the
presence of 12 and.3 in order (see Figure 30). K

Replacing words in student's response with synonym. Often a word in a

SV B W

student's response is acéeptable as correct even though misspelled. The
example which follows illustrates one way that-the student's response may be

. .
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]‘"; Key to Flowchart " Multiple-Levell Question

1. Display question:

l; | | When we write vx-Z, it is understood-that x-2 __ 0.
‘ a. > b.> ¢ = ~d. <
- «2, Did student select b? If so, go to 3; otherwise, go to 5
l | 3. Give feedback: You are correct = : \
4. Next problem ' . )
l' 5. Has student answered the question from the main flow (1tem 1) incor-
- - rectly twice? if so, go to 6; otherwise go to 8
6. Give feedback that student. has answered 1ncorrectly once again and ]
l .' - branch to a special review

o 7. Special review on why /%<2 imp1ies that x=-2 >0
U ‘ 8. Did student select a? if'so, go to 9; otherwise, go to 10

9,. Give feedback: Your answer is- partially correct. - x-2 1is defined
\ghez X;; >0. Is /x-2, defined when x-2 = 0? (Answer yes or no.)
o to

10. Did student select c? if so, go to 11; othermse. go to 12

11. Give fgg_back Your_answer is partially correct. /x- 2 is defined
when vx-2 = Is x-2 defined when x-z > 0?.  (Answer yes or no.)

Go to 33.

12. Since the student gave d as his choice he is asked Is /x-'—z defined R
when x-2 = 0? (Answer yes or no.) S _

13. Did student answer yes? 1if so,’ go to 14; otherwise, go to 15
14. -Feedback that student is correct s given. Go to 16

15. Has student-: answered the question in -item 12 1ncorrect1y twice? if
's0, go "to 7; otherwise, go to 29

16. Student is ‘asked: Is Vx-2 defined when x-2 > 0? (Answer yes or no.)
17. Did student answer yes? if so, go to 18; otherwise go to 19
18. Feedback is.given ‘that student is correct. Go to 25

19. - Has student- had a prior opportunity to answer the question 1n item 16?
if s0, go to 20; otherwise, go to 21

20. Special review on why vy 1s defined when'y > 0

21. Student is told that he is- incorrect and is given the additional
feedback: \

Recall that when we write vy, it is understood that y > O
Ifzy = x-2, tgen bg our- agreement. if we write /x-Z then
Xx-2 = 0 or x- .

- oa. < b.= ¢.> d. none of these
U 22. Did the student answer c? 1if so, go to 23; otherwise, go to 26

| f—
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23. Feedback 1s.given: Correct. vx-2 1is defined for x-2 > 0. Go to 24

24, Did student come to the question in item 21 from a wrong answer to
) item 16? 1f so, go to 16; otherwise, go to 25

25, Additional feedback is given: Thus, vx-2 1{s defined when x-2 is
non-negative. Now try again to answer the original question (item 1)

26. Feedback is given: No. The correct answer is > . If we write
r>s,wemeanr>sorr=s. Goto24, .

27. Did student select yes? If so, go to 28; otherwise, go to 29

28. Feedback, "Right," is displayed. Go to 25

29. Feedback 1s displayed: Incorrect. Recall that when we write /y, it
~ {s understood that y > 0. If x-2 = 0, then x-2=v0 and /0 =?

a. 0 b..1 c. 2 - d. none of these

30. Did student answer a? {f so, go to 31; otherwise, go to 35

31. Feedback iy given: Correct. Thus, /x=-2 1is defined when x-2 is
non-negati e. Now try again to answer the question. Flow goes to
- item 32 .
32. Did the'stullent fome to this question after answering the original
question with™the incorrect choice d? 1f so, go to 12; other-wisg.

go to 1 , :

33. Did student answer yes? 1{f'so, go to 34; otherwise, go to 21
34. Feedback is given that student's. response is correct. Go to 25

35. Feedback is given: No. /0 =0 so /x-2 = 0. Thus, /x-2 is defined
when x-2 = 0. Go to 32 ‘ )

nFr-om Penn State's course segment Demonstration in Mathematics, for

National Conference on Cowuter-l\ssisted Instruction, The Pennsylvania State
University, University Park, Pa., September 24-26, 1968; IBM 1500; authors:

Ralph Heimer, Paul Klein, Robert Hostetler, Carol Dwyer.
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Fig. 29. Multiple level question. '
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" Key to- F‘Iowchart

1. Start

3. Student responds to question

‘ Downshifting Response Characters and R4p1ac1ng Words with Numbers .

2. Disp1ay question ,ln our system of measurement, we use the foot and
.'the yard. There are - . 1inches in 1 foot and _ feet in
AR .Yall"d o l ' - .

4, Response‘{s ‘edited with'functions. That is, upper case ‘letters are
replaced with lower case; "12" replaces “twe1ve,“ “3" replaces "three"
5. The integer which appears first 1n ‘the response is placed in counter a;s

. the integer which apbears second is p1aced in countér b .
. Does counter a contain 127 1if yes, go to 7; if no, go to 9
. .Does counter b contain 37 1f yes. go to 8; 1f no, go to 9

6
7
8. Feedback thgt answer is correct
9. Feedback given because of incorrect answer
1 foot and 3 feet in one yard
] ’ 10. Next prob1em

There are 12 1nches‘1n"

......
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edited so that a specific word in his response is changed to the most acceptable
. version of the word (antihelix), and then his response is tested for ‘the pre-

sence of three words (lower, crus, antihelix) in order as Separate words

(see Figure 31).

Responses Checked for Key Parts

'When one thinks of the number .of possible combinations that a stydent
could type a set of three correct words, he realizes that it would be quite a
task if in each mul tiple-word response the various versions of the correct
answer had to be listed! In CAI, functions can be used to scan the student's
response for the words of the correct answer, evaluate the number correct, and
fnform the student which items are correct. '

Testing for specific words in student's response. Since many varieties
of both correct and incorrect responses can be made by students, it is often
desirable to check for specific "key" words in the response and give feedback
based on the number of words which matched the correct response. In ,this’
example, if at least six of the seven words are matched, the student is told
he is correct and is branched to the next problem. If from one to five words
are matched, the student is informed as to which words he had correct. If no
words were matched, the student would be branched to a review section (see
Figure 32). | [

Checking response for specific character strings. - This section describes

a routine which is designed to test a student's response for specific charac-
ter strings (partial words), as opposed to complete key words. If any of the
strinqs are found, the student's correct words (i.e., those words containing

acceptable strings of letters) are fed back to the student (see Figure 33).

Mul tiple-PaEt Responses

A question often aske¢ about CAI is whether or not the system can handle
responses cojn.é*l sting of several parts such as sentences or mathematical
equations.  The answer is affimati'Ve, and with the capability to wrii> new
functions and- add. them to the system, the poésibﬂities are almost limitless.
Student-constructed equations and complex numbers can:be analyzed for
correctness. -
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Key to Flowchart - Replacing Words in Student's Response with Synonym

In this example, the student is asked to identify a porfion of the pinna
marked on a plaster model of the hunan ear. -
v 1. Start | ' | '
2. Question {s presented: "What is the name of part C?" Student is |
given opportunity to respond ' |
3. Editing is done to change a word in the student's response to the
most acceptable !ei-sion.' f.e., anthelix, anti helix, anti-helix,
ant{ -helix, anti- helix, and anti - helix are edited to antihelix
4. The correct response, lower crus antihelix, is compared with the
student's response. A test is made to detemmine whether three words
in the student's response were correct. Were three words correct?
.5. Feedback for correct response is displayed: Your answer s correct
> . 6. Next probiem . - ' '
7. A test is made to determine whether one or more words in the student's
response were correct. Were one or more words correct? |
8. Feedback for partially correct response {s displayed: Your answer is
partially correct. Try again |
9. Feedback for tota‘l‘ly uhrecognizab‘le response {s given: Your answer is
incorrect. Find the correct answer on your.handout and type it.

12From Penn State's course segment Audiology, Project No. 5-1194,
"IBM 7010 or 1410; authors: Bruce M, Siegenthaler and Jeffrey Katzer.

-

188 - ¢




° ) : { '.\ ' ]‘8] ‘
Replacing Words in Student's £ -

- Response with Synonym - (

K

| A\
9
|
F'ig. 31. Replacing words in student's response with synonym. : .
C s S . L ' i
4 . ’ M ’ R
7/ ,‘ | '
h) ' \\
¥ : .
. [
A3
'. ) .-/ 4
A = V
. &




182

Key to Flowchart - Testing for Specific Words in Student's Response

e e m e mamie e e ————— a8 on

1. Start - .

2. Problem is presented: Name six of the seven colors of the spectrum.

3. The response s checked for correct words (red, orange, yellow, green,

' . blue, indigo, vio‘le't). Is the number of matched words equal to or
_greater than 67 ” | o . - -

4. Feedback for ‘torrect answe. 1s gi ven: You have the answer entirely

~ correct. Very good. - '

5. Next problem S : K :

6. Is the -number of matched words greater than or equal to 17

7. The correct words from student's response are shown to him

8. Feedback for part1a11y correct response is given: The list above
indicates which.colors you have correct. Give another answer including
these you now have correct '

9. Unrecognized response noted .

10. Feedback for answer with no correct. words given: You aren't doing

. - " very well, It appears you need a review.
" 11. Review of concepts from which branch will be made back to current
problem
<
\
N
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Key .to Flowchart - Checking Response for Specific Character Strings

1. Start

2. Display question: What are the three fundamental particles in an
atom? .

3. Student responds to the questfon

4, Test for key strings (f.e., "prot," "neut," "elect") to see how many
match the correct'strings; if all are found, go to 5; 1f one or more
are found, go to 7; and if none are found go to 9

5. Display feedback for correct response '

6. Next sectfon of course
\\Edit student's response so that only the words containing correct

strings appear

8. Display the edited response to indicate to the student which words
were correct and give the message that the answer is partially correct
and the student is to try again; go to 3

9. Indicate the answer is completely wrong and go to 3

bedc | 19

ke e
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Checking Responses for
Specific Character Strings | B v

CID_I’ 2

One word
correct .

Fig. 33. Checking responses for specific character strings.
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Creating a response by selecting its parts. A creative approach from the
student's viewpoint can be used in the construction of mathematical open
sentences (i.e., equations with unknown quantities). Given the mathematical
characters 0, =, +, 3, and 4, the student is asked to construct an open sen-

- tence using each of the items once. As an item is selected, it is excluded

~ from the 1ist so that it may not be used again, thus limiting the number of
" possible correct solutions.

| On the first incorrect response, the student is told that the items do
not form an open sentence. On subsequent incorrect responses, he s given a
1ist of correct responses, is asked to construct one of these, and ask the
-proctor for help if needed (see Figure 34). .

Two-part response by student. Often a response  includes two parts, each
of which should receive specific feedback. In this example each part of the
response consists of one word, efther oxygen, or hydrogen. Feedback is given
indicating which of the words are correct. If the student does not answer the
quastion correctly by the third attempt, he is branched to a review (I.j.terna-

tional Business Machines Corporation; 1968, pp. 43-44, 52), (see Figure 35).

5

Responses Requiring Ordering

' d
Many questions asked by instructors require more than one word in the

response. In addition, in the correct response these words mst be in a
definite order. CAI has the capability to analyze responses containing several
words, letters, '"numbe_rs, or s'trings of charTcters. These key parts may be
checked for order, position, and initial words or characters. o
- Arrangement by student of given items in proper order. The problem for '
the student in this exercise {is to arrange five particles (proton, neutron,
P electron, atom, and moleculé) according to weight and for him to type onily the
~ {nitial letters in the proper order. The author wants the student to be abje
to enter the letters freely, in upper or lower case and wi th any reasonable -
combination of punctuation and spaces between the letters. Also, since he :
1ists the particles, the author anticipates that a student may 1ist the letters,
i.e., separate them with carriage returns. Therefore, the author begins by
deleting shift-characters, spaces, periods, commas , semi-colns_, colns, dashes,
and carriage returns from the student's response. He theri tests for the

b i .
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‘Kgy to Flowchart - Creating a Response by Selecting Its Parts'>
1. Start
2. Display the basic set of symbols: 0, =, +, 3,4
3. Give instructions for the problem
4. Student resppnds by indicating the order of his choices from the
given 1{tems ' - R
5. -Is the student's response a valid open sentence construction? if not,
go to 8; otherwise, go to 6 ' '
6. Give feedback that response was correct and go to 7'
7. Next phase of instruction , .
8. Is.this the student's first mistake? 1f so, go'to 9; otherwise go.
to 10 : Vi y
9. Feedback: The items do not form an open sentence in the order chosen.
Answer again.” : . . . :
10. Display all possible valid constructions of open sentences using the

given elements; ask the student to type one,pf these and to request
help from the proctor if assistance {s needed

13From Penn State's course segﬁent Génera1 Mathematics, U. S. Office of

Education through the School District of Pittsburgh, prime contract Grant No..
0EG-0-8-055230-3479, Project
-John McNear. -

No. 5523, IBM 1500 System; authors: Roland Lazzaro;'
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Key to. Flowchart - Two-Part Response by Student

1.

Question is presented: What are the two elements of water?

2. Student'is ailowed to respond with two separate words

10.
11.
12.
13.

14.

15,

Increment counter keeping track of number of responses to this
question; initialize counter keeping track of which words are

given correctly .

Does s.tudent's response include the word "oxygen?"

Indicate to the student that "oxygen" is correct

'ncrement by 2 the counter keeping track of which words appeared

in the response

Does the student's response include the word "hydrogen?"

Indicate to student that "hydrogen" is correct

Increment by 1 the counter keeping track cf which words appeared

in the response

Does the counter keebing track of which words appeared in the student's
response’ contain 3?

Next’ problem

Has student made three attempts to answer the question?

Tell the student that the correct response is oxygen and hydrogen and
indicate to the student that he will receive a review

Review from which student wi U be branched to the beginning of the
question set |

Give him feedback that the response is incorrect; ask him to answer
again, giving both elements correctly

2.

f’”‘
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Two-Part Response by Student |

Fig. 35. Two-part response by student.




192

correct answer: manpe. 1f this fails, the author tests for the presence of
any of the other 2] 1etter"s of the alphabet and the numbers 1, 2, 3, 4, 5. If
‘one Jr more extrangous letters or numbers are found, the student is told to
type only the initial letters and to answer again,

At this point in the processing, if sne of the letters manpe is found, it
is not because the stude.n‘t entered' a word such as "neutron." The author there-
fore tests for the presence of at least one of the letters. If at least one is
found, the student gets a feedback which types the 1etter(s) he .had in the
correct order and types dashes for the 1etter(s) which he omitted or had out of
order. Fqr example, if the student's answer is mpnea, the feedback. is: ma---.

If the'student's answer daes not contain at least one of the five letters,
' he receives feedback designed for an unrecognizable response (see F1gure 36) .

~Analyzing a response containing ordered words. Many times @ significant
part of "the response is the order in which the words of the response are given.
An example wouid be a request to idents fv the four seasons of the year begin-

ning with the season of the month of January. -
‘In this example, for the student's answer "fall winter spring summer,"
feedback would be given 1n the form "winter spring summer ----" with the state-

meat that the dashes indicate an omission or improper order of thé season.

In order to eliminate the resulting .confus1on if the word autumn would be
used in place of fall, prior to checking the response, "autumn" would be
edited to "fall" (see Figure 37). '

¥

Numerical Responses

Many types of numerical responses may be analyzed 1n a CAI systen,
Responses may be checked precisely or to determine whether they fall into a
specified range. Several numbers may be “checked simultaneously; the numerator
and denominator of fractions may be checked individually.

Testing for a numerical response within a spec1f1ed range. An author may

want to accept any response in which the 1nteger portion of the number in a
response {s correct, regardless of the value of the decimal places or the
nature of the text typed along with the number. \
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Key to Flowchart - Arrangement by Student of Given Items in Proper Order

~

1. Start; initialize to zero the counter in which number of responses
is kept '

2. Show the .proper image on the image pro’ cor and display tne statement:

The proton 1s much heavier than the election. The neutrcn is about the
size of the proton and electron combined. Arrange the particles ac-

cordin? to 'weight from the largest to the smallest. Type only the
first letter of each word. ' ,

Display the list: proton, neutron, electron, atom, molecule

Student is given time to type his response

Punctuation and spaces are edited from student's response

Is student's response "manape?" ' }

Give feedback: Correct: molecule, atom, neutr’on; proton, electron

Next problem |
Increment by 1 the counter in which number of responses to the question
is recorded | ‘

10. Has student responded more than four times?

11. Givc;: proctor message asking proctor to assist student or give a
review : ,

12. Does student's response contain extranequs letters or numbers?
13, Display: Type only the initial letter of each particle (in order)

~

14. . Is.at least one of the letters in the student's’ response in the
‘correct order? '

15. . Give feedback indicating which letters were placed in proper order
16. Is this the first unrecognized response?

17. Display: Reread the paragraph above and consider the relative weight
of each particle. Then type the initial letter of each particle from
the largest to smallest . B

18. 1Is this the. second unrecognized resporse?

19. Feedback: The, molecule is.the largest. An m should be your first
letter. Try again. : .

20. For all additional unrecognized -responses feedback is as follows:
‘Hint--Each atom is composed at.least of one electron, proton, and
neutron. Answer once again. '

O O N ;D W,

MFrc;m Penn State's course segment Atomic Energy. Project No; 5-85-074
IBM 7010 or 1410; author: David Gilman.
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Key to Flowchart - Analyzing a Response Containing Ordered Words

1. Start

2. Presentation of question: What are the four seasons of the ye.ar,'
starting with the season in which January is?
Student responds
Any appearance of "autumn” in the student's response is edited to
"fall."

5. Does the response contain "winter spring summer fall" in proper order?
Give feedback that the response is correct and all seasons are in the
proper order '

7. Next problem .
Does the student's response contain at least one correct word?

9. Give feedback as to which words are in the proper order and ask the

| student to answer again
10. Has the student responded with an unrecognizable response two times?

11. Remedial instruction on the seasons of the year
12. Give feedback that the response is totally incorrect and the student
should try once more to answer the question correctly




Analyzing_gyﬁssponse
Containing Ordered Words

12

Fig. 37. Analyzing a response containing ordered words.
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Propef coding makes it possible to pigk a ‘numerical field from a response,
convert it to an integer, and store it in a specific counter. The contents of
the counter qre'then compared with the'COrnegt response to test‘whether the
student's response was acceptable. .

In the example below, the integer is extracted from the response. If the
response is exactly correct (5.3), the student will see the correct answer

" feedback. If the student is almost correct (5.0 to 5.9), he is told the cor-
_rect response and continues on. I1f his response does not include the correct
integer portion, he is branched to a review (see Figure 38).

.Testing for a precise numerical response. Let us assume in this example
that the desired numerical response must be precise to nearest tenth. The
student is allowed to respond any number of times and at each response he is
told whether his'numericél'responée is too high or too low, and as the range
of his response from the precise response is decreased, the feedback gives
some encouragement such as "You are very close." (see Figure 39).

I
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/\J Key to Flowchart - Testing for a Numerica] Response within a Specified Range15

1. Start of problem
"Problem is presented: Measume 1ine a on the handout. Give your
answer in centimeters .
Student is givem a chance to respond
. 'Did response match correct answer: 5.37
Feedback for correct answer: Correct \
.. The integer portion of the first numerical field is picked out from
the response and placed in a counter
Does the counter contain 5?
Feedback for answer within acceptable range: Correct. The answer
is 6.3 and you are close enough to it ,

9. Feedback for unacceptable answer is displayed. No, there are 5 whole

centimeters plus 3 tenths of a centimeter. Let's try a review

10. Pause so that student can measure line a again
1. Special review on measurement in the metric system

12. Next problem '

(o) TS B~ T OV) . N

4

0~

J
!
i

1 | 15Fr‘om Penn étate s course segment Metric System of Measurement.
Project No. 5-85-074, IBM 70])0 or 1419; author: David GiTman.
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Testing for a Numerical Response
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Testing for a numerical response within a specified range.
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_x to Flowchart - Testing for a Precise Numerical Response

Assume that the desired response is 23.7 or between 23. 69 and 23 1.

1. Question is presented _ .

2. Student responds

3. Is response between 23.69 and 23. 717

4. Give feedback that response is correct and go to 5

5. Next question

6. Is response between 23.6 and 23.87?

7. Give feedback that student's response is "Extremely close but" and go
to 12 ‘ '

8. Is response between 23.0 and 24.07 ,, |

9, Give feedhack that studeni:'s response is "Very close but" and go to 12

10. Is response between 20.0 and 30.0? , '

11. Give feedback that student's response is "Quite close but" and go to 12

12.- Is response less than or equal to 23.697

13. Give feedback "response is too low." ‘

14. Is response greater than or equal to 23.71?

15. Give feedback "response is too high." | : \

16.. If student reaches this point, he has not typed a number so he is
told to type a number

e
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Testing for a Precise. .
Numerical Response S

‘ N
7
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| 13
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Fig. 39. Testing for a precise nume.rical response.
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CHAPTER VIII
DISSEMINATION

Dissemination activities of the CAI Laboratory have been extensive and
have varied“in form. Fellowships and graduate assistantships have been but
one phase of what we seeé a$ an ongoing process of tra1n1ng others in-the poten-
tial of computer assisted instruction in education. New methodologies, new
curricula and new educational strategies do n'ot";)'us\happen. Innovations must
be developed and communicated through as.many avenues \as\possible in order to
overcome the great inertia in educational processes. Individuals trained in
computer- -assisted instruction can influence the course of educational change..

Information about our CAI activities in technical education have- been,
disseminated through demonstrations to individuals from the United States .
and representatives from foreign countries. Gradiate-and undergraduate classes
have toured the Laboratory facilities and have learned about the potentials of
CAI in the coming years. Samples of this information for selected periods is
summarized in the tables that follow. : SR .

The reports, journal articles, and speeches dealing with the CAI Labora-
tory are given in the sections that follow. Again it is easﬂy seen that these
formal activities have been many and varied and have reached large numbers of
professional educators. '

A film entitled "Sign On/Sign Off" was designed to give the basic idea of
how a computer simulates-a tutor. The film describes the equipment and
objectives of CAI and is available from the Audio-Visual Library of the Uni-

versity (16mm; 24 minute; sound; color).

-




Table 6

Organized Dissemination Activities
by CAI Laboratory Personnel .
'May 1, 1967 through June 30, 1968.

No. in

Johnson, D.
Riedesel, A.

Date(s)  Participant(s) Audience : E'venf: Location
5/26/67 -Mitzel, H. E. 45 -. Center for Cooperative Penn State
: Research With Schools _
6/21/67 Mitzel, H. E. 60 American Society for East Lansing,
: ' , . \ Engineering Education .  Michigan
Annual Meeting (Michigan
' Stateg
7/1/67  Mitzel, H. E.~ 1000 National Séminair on Honolulu,
to - , _ ‘Innovation Hawai1
- 7/20/67 Sponsored by I.D.E.A.
/ The Action-Oriented
Division of the Chas.
F. Kettering Founda-
tion and USOE
. 7/v26/67 Mi tze]l, H. E. 1A00‘ . Computer Summer West Point,
. ' Workshop New York
8/15/67 1lgo, R. V. 50 ENTELEK Workshop Harvard Univ.,
_ Cambridge,
Mass.
8/8/67 Mitzel, H. E., 200 National Educational Columbus,
Brandon, G. Media Seminar in Ohio
Vocational and
a ’ Technical Education
10/3/67 Mitzel, H. E. 40  Training program on Penn State
C " Management Develop-
ment for Health Agency
Personnel, Hospital = ~
Administrators, etc.
10/6/67 Mitzel, H. E., 75 USOE Demonstration Washington,
Hall, K. A, Center D. C.




10/27/67

10/27/67

- 11/13/67

11/9/67

2/22/68

3/28/6k

4/18/63

Mitzel, H. E.
Hall, K. A,

Farr, H. L. K.

Mitzel, H. E.

Mitzel, H. E.
Hall, K. A,

Brown, B. R.

Mitzel, H. E.
Hall, K. A..
Dwyer, C.
Knull, D.

Hall, K. A.

Hall, K. A.

125

45

200

20

35

450

150

Phi Delta Kappa
Meeting, Alpha
Chapter

Pennsylvania Council
of Teachers of
English, 11th Annual
Conference

Convocation of
Educational Research
Association of New
York State ‘

Psychologists from

‘Penn State's Common-

wealth Campuses

Faculty Development

Institute

NEA Department of -
Audio Visual Inst.

~ National Society of

Programed Inst.

Penn State

Penn State

Albany,
New York

Penn State

Penn State
i

Houston,
Texas

Texas

207
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Table 7

Visitors to CAI Laboratory
May 1, 1967 through April 30, 1968

Number in groups . . .

IndividUalS. . . b e e e e e

919
. 73
.992

Countries Represented:
Australia
Canada
England

NetherIahds

Sudan
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Table 8

‘ Summary
H 1410 Student Terminal Usage
' May 1, 1967 through April 30, 1968

' ~ . Avg. Per.
Use Number Hours Month
Students 788* 1,163.37 96.95
Staff | 330.65 27.55
Demonstrations | | 109.44 9.12
A/V Testing | ‘ 7.21 .60
Equipment Testing . . 9.59 .80
© Testing 788 1,620.26 135,02

*Investigations 694 | 1,088.37
Other Subjects L) 75.00
788 . . 1,163.37

. oem— —— pa——

‘ ) :
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Table 9
1500 System Usage
February 1, 1968 through April 30, 1968

No. of Avg. Per.
System Usage | \ Hours Month
Author/Student 1,336.95 445 .65
Demonstrations : ~ 58.03 19.34
Systems Work 124 .00 - ‘ 41,33
Preventive Maintenance ‘ | ___26.00 8.67
- Total | 1,544.98 ~ 514.99

4
- it N e i S T 2
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THE PENNSYLVANIA STATE UNIVERSITY

College of Education

201 -Chambers Building
University Park, Pennsylvania 16802

Computer Assisted Instruction Laboratory

. N
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Gilman, David Alan. Computer-assisted instruction for téchn{cal
education. School Shop, November 1966. :
(Reproduced in

Wodtke, Kenneth H. Educational requirements fbr a Studént-subject
matter interface. AFIPS Conference Proceedings, (Spring Joint
Computer C?nference, 1967, Atlantic Clty, New Jersey), Vol. 30, .
pp. 403-411, - . - : v
(Reproduced in R7)
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