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: THE THIRD 6-%OWTH PERIOD OF OPERATION OF A
! COMPUTER-ASSISTED INSTRUCTION (CAI) EFFORT IN TECHNICAL

x EDUCATION WAS COVERER IN THIS REPORT. THE OCRJECTIVES OF THE
o TOTAL PROGRAM (A 4-YEAR EFFORT) WERE (1) TO COMPARE CAI WITH ‘
7, ﬁ OTHER EDUCATIONAL STRATEGIES, (2} TO PREPARE INSTRUCTIONAL '
; ' MATERIALS, (3) TO TRAIN PERSONNEL, AND {45, TO DISSEMINATE

: : RESULTS OF RESEARCH. FIVE BARRIERS 0 1HE DEVELOPMENT OF CAl
WERE DISCUSSED--(1) DELAY OF FROGRAM DEVELOPHENT WAITING FOR

INPROVED HARDWARE AND VICE VERSA, (2) LACK OF EXPERIENCE AND
METHODOLOGY FOR CONSTRUCTION OF ACHIEVEMENT MEASURES, (3) ‘
EXCESSIVE TIME REQUIRED TO WRITE A CAl PROGRAM: (4) LACK OF {
KNOWLEDGE OF THE APPROPRIATE 2ALANCE BETWEEN CAI AND TEACHER
INSTRUCTION, AND (5) RESTRICTION OF EXCHANGE Or CAI PROGRAMS
DUE TO LACK OF COMPATIBILITY OF COMFUTERS. IT WAS CONCLUDED
THAT IT WAS INAPPROPRIATE AT THE TIME OF REPORTING TO
MAINTAIN THAT CAI DOES OR DOES NOT PROVIDE HORE EFFICIENT :
METHODS OF TEACHING. {AL) :
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CKAPTER 1
i INTRODUCTE OR
¥

This report spans the third six months. period (Juiy 1, 1666
to December 31, 1966) of operation of a computer-assistead
i instruction (CAI) effort in téchnical education and is designed

to show Penn State Untversity's stewardship of its own resources

-4

L.

and the federal funds awarded to it under the previsions of

Section 4/c) of the Yocational Education Act of 19€3.

0

Eriefly, the objectives of the original proposal were as
follows:

1. To ¢valuate the articulation of computer-
assisted instruvtion with other educational
stratenies and, by msans of careful experi-
mentation, determing oxtimum ways of pre-
senting core courses in technical educa-
tion curricula.

3 3 €73

2. 7% prepare curriculum matarials for computar
preseitation with emphasis on the instruction
of post-high school students in technical
mathematics, engineering science, &nd
communication skilie.,

-

o

ta ©®

3. To train an interdicipliinary group of
individuais to prepare course pmaterials and
to do ressarch -on-computer application in
technical education,

,
\

Cn(
i

=
F<

To disseminate tha informution and evi-
dence concsrning the innavatien of CAl

a?d its spplication to accupational educa-
tion. '

st

Progress has been made toward a1 of these objectives

and¢ the evidence is detailed {n the following report. The

s
Ed

first chapier dea2ls with ‘the physical factlities provided by

£

the university, the equipment configuration in oparation

during the past six moaths, and ¢ digest of the Loursaweiter
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tanguage now being used by investicators-in the Laboratory,
Chapters II through IV describe the course development activities
in technical education subjects Brief reports of research
findings are presented in Chapter V.

The projeect has been programed for an additional 30 months
in which further attempts will be made to establish rejiable
knowledge concerning the application of the computer-sssistad

instruction technology to the field of occupational education.

Phvsical Facilities and Equipment

For the past year, the project has been housed in recently
remodeled quarters located in 201 Chambers Building, at The
Pennsylvania State University, University Park, Pennsylvania.'.
The new quarters provide ampie office space for approximately
ten professional staff members, ten .graduate research. assistants,
and ten technicians. In addition to the office space for staff
members, the Laboratory contains faur 1ir-conditioned, sound-
proofed terminal rooms, two 8' 4" x 6' and two 6' 2" x 6', each
containing one CAI student ferminal, audio-visua!'components,
and a printing desk calculator.

The Laboratory is operating by means of dial access telephene
to an IBM 1410 computer system which is housed in the Computation
Center on the Penn State -campus. In addition to the four terminal
which are located in tne CAI Laboratory on.the campus, two

terminals are now operating at the Williamsport Areca Communi ty
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b ! Coliege, Williamsport, Pennsylvania, and two are locatsd in

ooy

Ivyside Building at Penn Statz's Commonwealth Camous 5 Ritoona,

BPa [2]
g "y

Pennsylvaenia. CAI course matzrials are teleprocassed to students

/0

%; ; at these remote locations from the 1410 computer en the main

campus. tudents at the Williamsport Area Community College

RS

and at the Altoona Campus have been receiving computer-assisted

N

instruction and have been participating in experiments since

August, 1966.

B

An IBM Magnetic Tape "Selectwic" Typewriter and a 1053
Card Reader have been acquired during the period to accelerate

the praparation 2nd computer inpui of CAl course materials.

Summary of Coursewriter Author Lanauace

g BNy £y

Ton,

The courses iisted in Table 1.! have been written in the

"\

y
-“'

(k]

CAI author language known as Coursewriter. A complete description

of Coursewriter is beyond the scope of this report; however,

a summary of the functions of each of the operation codes in

\
., R
Lee
C e e e L
s et

the language is provided below. This list covers most of the
y/,g basic operations in the language. Howevar, an author wishing

to prepare CAI programs should study the more detailed Coursewriter

e amamt s aa

R,
TRy BRR B

manual (Coursewriter. 1968) In zdditisn . Gilman and Harvilchuck

(1967) have developed a set of training materials for providing

do W .

N

rew authors with instruction in the use of the Coursewriter

- language. These materials will be reproduced as a separate

technical report of the Penn State CAI Laboratory in the noar

¢
s

future.
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Summary of Coursewriter Operation Codes

o)

Primary ;?
- B
. .
~d - Computer types text and waits for the student to signal .
completion. Commonly used to display a reading assign- =
ment to a student.
rdn- Same as rd, but does not update restart address. ¥
; gu - Computer types text and waits for student to type @ ;
: response. Commonly used to display questions or problems [;
5 to a student.
| qun- Same as qu, but does not update restart address. {? =
. Major {2 E
- - Lj ﬂ
3 ca - Correct answer to be stored in memory for comparison
; with student's answer. %j
é ¢b - Similar to ca -- used to identify a set of alternate .-
5 correct answers-- the subsequent action is to be the
3 same regardiess of which answer in the set is matched {]
; by the student's response.
% wa - Hrong answer to be stored for comparison with student's [}
; answer. Ed
é
i wb - Similar to wa - used to identify a set of alternate Fy
g wrong answers - the subsequent action is to be the E} :
! same regardless of which answer in the set is matched e
‘ by the student's response. N

3

by sl
_

-4 A

ag - Anticipated aaswer - similar to ca and wa, but not
followed by impiicit branch.

B Y N

)

—3

anticipated answers - the subsequent action is to be %
the same recardless of which answer is matched by the
student's response.

S ST

€T3

ur - Text to be typed if the student's answer is not one [
of the specified correct or wrong answers. |

nX - Instructs the computer te execute the instructisnis)
immediately following the nx. 7he purpose of the nx
is to chhange a minor eperation code (e.g., ty or fr)

g i ey o ek
‘l AL
g il

(«‘ 5/
B TPy
N

; to a major operatior code.

E 5 e
T o v -

é £ £

: !

L

—— oy = = = = = —_— N A m— —_ Ly

2
i ; a0 - Similar to aa - used to identify a set of alternate

o e et e e v 2w 1
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X1 - Time limit -- computer ignores anything typed by the
student after the specified time has lapsed.

Minor

- Computer types text and continues without waiting for
any response from the student.

i<

o
1
s

Branch -- alters the sequence of execution
Unconditional: branch is always taken
Conditional: oranch is taken only if a particular
condition is satisfied,

ad - Adds (algebraically) a number or the centents of a
counter to a counter. Commonly used for accumulating
a8 student's errors or resnonse times.

=

Load -- clears a counter and adds a number (o the con-
tents of a counter) into a counter. Load may aiso be
used to set a switch to 0 or 1.

Q.
<
]

Divide centents of a counter by a constant or by the
number in a counter.

mp - Multiply contents ¢f 2 counter by a constant or by the
~umber in a counter.

fpl- Display a slide.
Tp0- Seek and position a slide, but does not dispiay it.
tpl- Play 2 tape recorded message.

tpo- S?ek ?nd position tape recorded message but does not
piay it.

tpr- Record a tape recerded message.

fn - Computer executes the specified functien. Functions

are special series of instructions {written in a machine
language subprogram) so that the computer can do
processing which cannot be dene by using only the
Coursewriter operation codes.

fn - slide//n - The display siide function is used to present
a slide; n represents the number of the slide to be
displayed.

—— AR A 28 SN A S A i o ] 5 A S r e TN L S
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fn - slide//nx - The seek and position slide function will -
seek and position slide n, but will not show the slide F
until a display slide ¥unction occurs in the program. =
fn - tape//n - The play tape function will play tape recording n?
number n. i
fn - tape//nx - The seek and position tape function causes tape

3

recording number n to be positioned. The recording will
not piay until a tape play function occurs in the
program.

r=a

fn -~ dc// - The dispiay c-counter function is used tc display
the contents of a c-counter to the student. %

R

fn - dx// - The display x-counter function i3 used to display
the contents of an x counter to a student.

LT ]

mma e p e v
]
3 o

fn - wait// - The wait function allcws the author to delay the
program befcre execution. -

fn - kw// - The key word function allows the author to speciTy
one or mora key words which must be matched in the
student's answer. =

e
m By,

fn - kwo// - The key words ordered function is similar te the
key word function. However, the key word ordered
function also requires that the matched key words in the
student's response are entered in a specified order.

L Zocic B 20

fn - kwi// - The key words initial function searches for the
words that have been entered in the ca or wa. If the
function Tinds a word in the student's respense not in
the ca or wa, the function is terminated.

B A

% x e

- V‘.

fn - kw//io - The key words ordered and initial function Lol
—— & ) - 3 i
searches for key words in the student's response. This ;
function insists that the student's response be in a ¥
+ . - ~ : Y ¥ ?_3 :7
certain crder and aiso checks to insure that there are = i
no unmatched key words in tne student's response. = L
i
fn - lim - The limits function allows the author to specify Q f
mathematical Timits within which the student's numerical AR
response will be acceptable. |
. . - = B
fn - paG// - The partial answer zero function aliows an author Fiof
to disregard extraneous discrepancies between a student'’s S S
response and the text of a ca, wa, or aa. This function . L
is used to process answvers which are misspelied or fj ;
partially correct. =7

K

&g

. ; i R
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- fn - irand// - The pseudo random integer function allows

!f authors to specify that a pseudo random 1nteger be placed

= in a c-counter,

= fn - ic// - The initial characters function allows authors to

i specify that only a certain designated number of initial
characters in the student's response are to be compnared

F@ with a subsequent ca or wa. The function also allows the

L author to specify that characters in certain positions
of the student's response are irrelevant and are to be

~ considered matched.

L fn - ed// - The edit function allows an author to edit the
student’s response by replacing or deleting characters.

i

L; fn - sb// and rb// - The save and branch function (sb) allows
the auther to insert in one place within a course a

= certain sequence of material (subroutine) wnich can be

l} branched to repcatedly thus limiting the necessity for
programming the same materiai at repeated places within
the course. The return branch (rb) function returns

[} the student to a point in the course as directed by an

: address indicated in the text of the sb function.

y o
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. 5 Development of CAI Course Materials in Technical Education
%f & Summary of Course HMaterials
; Developed, Tested, and Revised
1

B One objective of the Penn State CAI Laboratory is to

i

produce useful educational products in the form of CAI programs

for post-high school technical education programs. The majority

of CAl programs developed in the Laboratory are experimental

'in the sense that they have been designed to explore teachinag

m

strategies, and to develop the unique instructional capabilities

of a high-speed electronic computer. Although the CAI courses

—
STV} &)

are being developed in small segments for experimental purposes,
many of tnese segments appear to have practical utility as insiruc-

tional materials. Preliminary evaluations of several courses

LEarE e
rhogy ¢

have been completed and the data are encouraging with regard

b

to the degree of student learning resuiting from the courses.

~
PRI

»

Course segments are being developed in three major areas:

g

Engineering Sciedice, Technical Mathematics, and Communication

Skilis.

Table 1.1 represents an accumulative summary of all

\/“ = CAl course segments developed

1966. The table indicates the

RN

segment utilizes audio-visual

on the project as of December 31,
axtent to which each course

communication, static displays,

O
Lo % ol

the number of students who have taken the course toc date, the
o - total number of system hours of student instruction, the length

of each course segment estimated by the average time taken peor

y'Tf

. !

S
Jad]

student tc complete instruction, and a column indicating whether

CdEY
ns

.- the course segment has been revised following the examination

y oW (e
R
-,
X

of student

D
s

performance on the course.

cm e e L e o o ol - .. - - =
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Table 1.1

Summary of Course Materials
Developed, Tested, and Revised e
3s of December 31, 1966

; E
] g 2 e
; o | 2l §s3 £ |% -
i - a Jr':'; n g e 2 é + 5 o &
—lsnlox B 2§E e |«
‘ nikFginaol wn| g + D s
’,  lo @] e-Bf 4 S2wn s | 9= £3
: Course Segment Cjoulon o 2= whe ug
2 . e @ « ) . > Q
| == | = = | HRS/MINS | HRS/MINS & -
4 i
} Communication Skills:
E Spelling Introduction 2 31 --136 9 0 0 i5 jyss éf
E 3l
3 Vocabulary 9 112 --136 15 0 O 25 | yes
Diagnostic Test -- | 37| == | 25 25 6| 1 0 |yes E
: Plurals 151--1--1 8 6 0 0 45 | yes |
! Suffixes -~ 110} -- 5 3 45 0 45 | yes Eg
Kords with "e" or "y" 1 11 -- 7 2 0 0 20 { yes gﬁ
! Syllables -~ 1151 --} 12 6 0 0 30 | yes .
Words with "i" or "e —fwc| -] 2 0 40 ] 0 20 ! yes B
Compounds | -] -- 6 3 0 0 30 | yes
Discrimination 4 1 269} -- 1 0 35 0 35 | yes £§
5 Homonyms S e L R AT N LR U B I R &=
5 LLT‘
‘ Demons - 129} --119 1M1 5} 0 35| yes
1 Proofreading —-f--{ 1125} 12 30{ 6 30{-- E}
g | Posttest - 136 -~} 25 25 C 1 0} --
' 1
B State Capitals - Paired- Eﬁ
i Associate Learning
Keyword Function -~ 1 -1 =110 25 401 2 34| yes &
Partial Answer Processing .} =] -- 8 22 30 2 48 ! yes

j
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i
!
V
|
|
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ime on Course
Segment

Total System
T

Course Segment

No., of Slides
Displays

No. of Tape
Massages

No. of Static
No. of Students

HRS/MINS

Est. Avg.
Student Time
Revised fof?bwing

HRS/HINS

evaluation?

Technical Mathematics:

Converting Number Systems

Metric System

Significant Figures

Intro. to Matim Prob. Solv.
inematics & Calculus

Vector Analysis

Trigonometry

Printing Calculator

Significent Figures 1
Sigfigl0C
Sigfigion
Sigfig200

Exponantial Rules and
Logarithms

Engineering Science

Intro. to Physics
Working with Units

(fibr
(fler
{F1sk
(med1 3 versions)

*Represents student instruction time to cover one segment only.
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Five Major Barriers to the Development
of Compuier Assisted Instruction

Harold E. Mitzel

There are a2t least five plausible; more or less accurate

definitions of computer-assisted instruction: (1) computer

terminal as an adjunct calculating device and laboratory instru-
pment used in a typical classroom, usually where mathematics or
physics is taught; {2) computer used as a record keeper and
retriever of student biographical and performance data; (3)
computer simulation of real-life problem-solving, i.e., medical
diagnosis, equipment trouble shooting, etc.; (4) computer as
a recitation-receiving and evaluation device or "homework monitor";
and (5) computer as a pre-programed control device utiiizing
muitiple displays which tutor the learner in subject-matter
content. For purposes of these remarks, I plan to restrict
myself to the tutorial definition.

The first major barrier to the development of CAI is the
hardware-software gap. In a sense, this problem resembles
the chicken-egg contreversy. Some experts maintain that the
electronic and mechanical devices, together with their care-

fully tested operating systems, must be made gvailable before

1
Remarks prepared for American Management Association
Meeting, Americana Hotel, New York City, August 12, 1966.

t
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" large scale content programs can be prepared on a meaningful

é , basis. These specialists emphasize the necessity for compati- £§
é“ bility between various systems in order that carefully constructed B
i- programs of instruction may receive widespread dissemination L
f" and testing. They claim that the equipment is the horse that |
;{‘ must precede the proverbial cart. B
. An equally cogent argument is made by the group which E}

believes a large number of courses should be developed first,

3

and then the representatives of equipment manufacturers could

e AL SR v i w e e

examine these content materials and arrive at specifications

£33

for needed display and response gear. Both groups are carrect

o Ve L

£

from their own points of view, but the long-term developmént

of CAI wil?! probably be karmed by too rigid adherence to either

B3

extreme position.

amr ks e A eam————— At

o A second major barrier to the deveiopment of CAI is the

N
&n

lack of experience and methodological know-how for constructing

A

i

E 3 - - o (3

i appropriate criterion measuves useful in evaluating CAI courses.
{

{

The ubiquitous, end-of-term achievement examination will just

B
{
\
-

, not do for measuring the yield ¥rom a sophisticated, individu-
j alized CAI program. The difficulty is that we have, n
i traditional instruction, become accustomed to offering a
standard bill of fare to the learner, and we have based marks

] and "Brownie points" upon each learner’s scale position rela-

33 3 03

‘ tive to all other learners who were exposed to the same lec-

k tures, readings, stale jokes and class discussions. CAI,

LS |

3

S oA - A
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at its best, should offer a distinctly individualized course

;.',“1‘

i

= of instruction in which gaps in the learner's «nowledge are

filled in during the course by means of diagnostic and reme-

o

dial sequence steps. Thus, it seems to be thecreticalily

Eg appropriate to ask the typical CAI learner to achieve mastery

, of the content as long as we allow him a reasonable amount of

Ej time. By the same reascning, the learner with iimited aptitude
may be unable to finish the course, even though he is given an

= unrestricted time limit. The major variable for CAI programs

under these postulates is a time $core or a number-of-attempts

score rather than an achievement score. For these reasons,
CAI and conventicnai instruction may be fundamentally not

comparable. Certainly, the typical end-of-term examination

on which half of the learners miss half of the guestions suggests,

under CAI conditions, that there was something wrong with either

5 £33 T3

the examination or the program which preceded it. If CAI

lives up to its potential, it should be unnecessary to provide

a special off-line immediate examination for any learner. If

Yo s

3

f the examining is appropriately done at intervals throughout

the program, then every learner should have achieved mastery

e

* of the content up to the limits of capacity.

A third barrier to CAI development is the inordinate amount

Ersincimn

of time required of the subject-matter author in preparing a

63

course of instruction for CAI presentation. 1In a few subjects

involving drill materials, it is possible to form a series of

PR A L —

E‘ 3«
29 j

words, symbols, or algorithms into a standard sequence. These

Faaseim,
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L
sequences, called "macros," e handy devices for building up -
a backleg of CAl displays in 1imited areas of inutruction. But, [
most curricuium material is focused on objectives of instruction &
L
. . o =

that go beyond simple associaticnal learning. In our work

T
> o

E..

with college level material at Penn State, we clearly recognize

the "iceberg” analogy in CAI programs. Whea one student geoes “
through a CAl programed sequence, typically his printout of 8
the interaction between himself and the computer represents

X

only about 12 to 20 per cent cf the total stored program on

that topic. In gener_i, the more sophisticated the program

=3

in terms of alternatives and remedial opportunities, the more

£

material is beneath the surface which the typical learner
may never encounter,
Simpler, easier-to-use programing languages wiil help

to alleviate this problem to some extent. But perhaps the

o I o

most headway will be made by setting aside a small portion

3

of a computer executive system which will enable an author

to make "on-line" input of a %lock of material at the termi-

-....,,.7]
2 T

nal, and to test ihat material immediately without going through -

a laborious compiling process. This capability is becoming {7

availaole in some of the recently developed CAI systems. e .

are currently exploring other strategies for getting a maximum L}

of finished product from authors for a minimum expenditure m

of their time. Some appear to be promising, but are as yet L

untried. 3
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A fourth harrier to the uvevelopment of CAI is our Yzck
of knowladee concernino the anpropricte “mix" betveen computer-
- meoisted yastruction and tcacher-rediated components of instruc-

tien. In a sense ithe teacning machine movement, in its headlong

et 'U‘f"‘"“‘ 7@ “—»dlﬂkwm oy
; | i

rush to soive all the preblems of education, failed to come

to aripns with the probiem of the "mix." Should the learner

B taaatae LI Y LD
i
3

L spend 50 per cent of his time with the teacher and 50 per

~ o

- cent on th2 computer program? Can tnis ratio be 90-10 or
l) 5

1

10-90 and still be effective? How do the various conceptions

of CAl use influence the cost benefit analysis? ?
;

It seems entirely likely that the optimum recipe for

r 5
Vo interminaling CAI inte exisitino forms of instruction will |
) be different for different content, different learners and :
w different situations, but the fundamental aguidelines tiaye i
E? not yet been derived either from empirical research or experience. i
o :
. At Penn State during the recent spring term, we tried %
gﬁ a field triai in three coilege courses in which CAI was %
. v
Fﬁ designed to substitute for two of three reqularly scheduled ?
o tectures per week. A1l students met with the instructor durina ?
!
g% the week's first period, and the CAI students scheduled themselves §
- on the computer terminais for approximately two and oné-half ;
m §
L} hours on the average during the remainder of the week. Other f
|
M students attended the lecture-class discussion in the usual ii
. way. In a modern mathematics course, this arrangement worked‘ %
2 well and the students functioned satisfactorily in the program. %
i
- In two courses wheere heavy emnhasis was placed on marks and
=

L)
J

o
G
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, the students felt restricted by the pace of the CAI
program. HMany wanted to see all of the material to be
covered in the examination so that they could organize a
self-study program tailored to the emphasized examination.

These observations impressed upon us the fact that com-
puter teaching programs are not as flexible for the student
as existing textbooks and 5ectures. College students have
certain expec*ations of the way in which courses arve conducted,
and they have rather firmly fixed stylized ways of responding
to instructional "systems."

A fifth barrier te the orderly development of CAI is the
lack of compatibility between computer systems which tends to

retard the free exchange of programs of instruction developed

.

in different laboratories and curviculum centers. In my
opinion, not one of the three or four major operating systems
in use today offers much advantage over the others; yet as far
as I know, ro two programs of different origin will "run®
on the same computer. In our own Laboratory, we cannot operate
courses which "ran® last year because we elected to “improve"
the system, as it were.

A dimension of the compatibility problem is found in the
controversy between single-purpose and multi-purpose computers

for the CAI application. One leading manufacturer has recently

announced an experimental class-sized configuration that will

-
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meke 1% pos:ibls to ooerst: oo 1p thi-ty-tus studaant stzitions
_ simultaneously. This is & cingle purpuse system that is notl
- at this time compatible with any other kneown operational
L system, hence, teaching materials for the new system must be
,ﬂ:‘ constructed from the beginning. Other manufacturers of hard-
2 wdare are apparently going to devise their own CAI cperating
i systems in order to enhance the marketability of their
] equipment.
E What mechaniems should be devised in ordar to insure
compatibility of expensively produced programs on a variety
; of systems? The spectre of the teaching machine development,
:g where there were at one time more different brands of machines
- han good programs, still hangs ovar us and we ought to
L demonstrate that we can learn fram past mistakes, both our
=) own and these 6f others,
0
m
B
I
|
L
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This report on student records is divided into four

sections:

.
Fl
BT

fj 1. Uses of student records *
iﬁ 2. Requirements of good student records ;
r 3. How our student records meet these raquirements ;
= 4. Means by which our student records are obtained E
' Uses of Student Records |

f% At this stage of CAl development at Penn State, the primary i'
= use of student records is for obtaining data from experimental %
E} studies. However, in the future student records will be used ?
for examining progress made by students and for evaluating ?

)

goerear

course segments, e.g., 1f many students have a high error rate

A

{} on a segment, perhaps that segment is too difficult and should !
i -
- .

= be subdivided.

L

%T'.;‘

- Pequirements of Good Studeni Records .
= (1) Student records should be complete; that is to say,

- they should coatain all pertinent information inciuding course

Ei name. student number, restart address of segment, response,

£

response latency, response category, and the condition of all

23]

,.,,,_-,
ey
N\ AN

™

author-manipulated counters at the time the segment was executed.

3]

Other things which are useful, though not quite so pertinent, :

2

(5432
.

fysd
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ara date, time, response character count, nupber of friais py

student on that segment, and @ count of the unanticipated responses.
(2) Student records must be accurate. This is very

important in all uses of such records. Stringent checks must

be made to maintain high accuracy, especially on the more

pertirent information. Unavoidabie errors, e.g., those occurring

at logging time in the Dean,1 should be flagged to indicate

that they are in error so that CAI investigators may take the

(3) A method of obtaining a statistical summary must be
available in order to facilitate the discovery of trends and
deviations in performance and to facilitate segment evaluation
and stuay of student progress.

(4) Another important requirement is economy in terms
of money and time. While monetary economy is a self-evident
requirement, time economy may need some explanation. A one
week turn-around would be desirable between the performance
of the last learner in a study group and the availability of
a student record summary of all learners in the aroup.

(5) A final requirement of student records is flexibility.
Student records should have the ability to adapt te investigator
needs in relation to grouping order, pooling, and the suppression

of information extrancous to author's purpases.

The control and monitoring system for IBM 1410 CAI
system.
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Student Records Program st Penn State

How well does the student records program at Pein State
meet the requirements of instruction?

Completeness. The student records are quite complete,

inciuding all of the items of information mentioned on the
previous page (see APPENDIX A-5, p. 112).

Accuracy. The student records are reasonably accurate
including some flagging of log errors. However, there is
a definite need to check the Dear in order to correct log

errors in the response categories.

Statistical Summary. The statistical summary'of student

recvdords is complete and flexible enough for most author uses.
The summary includes student number, sequence nuiber, acttempts,
mean latency, standard deviation of the latency, and frequency
of correct response. The author has a choice of one of four
methods (see APPENDIX A, p. 107) of statistical summary:
1. Students withia sequence numbers, all separate (p. 108)
2. Sequence numbers within students, all separate (p. 109)
3. Students separate, sequence numbers pooled (p. 110)
4. Sequence numbers separate, studénts pooled (p. 111)
Since frequency of correct response will always be 1
when both students and sequence numbers are taken separately,
it is not listed in subroutines 1) and 2).
If students or questions are pooled, thie author can specify

an error criterion. If the error rate exceeds this criterion,




the entry is flagged with the symbol *T#® in the student record

printout. This procedure heips the author to identify high or

AN

low error rate frames and students.

Econo .. Student records for a typical course segment

- 7

of 75 frames taken by 75 students costs approximately $50
to $75 in computer time. This figure includes a statistica!

summary .

3
o

¥y

C
-

b

Time - Student recerds for a typical course segment taken

on-1ine by 10-30 students can be gathered in abovt ore to

3

three weeks vrom he request date. Unfortunately, this turn-

e e

around time is too long for instruction where more immediate

£

feedback to teacher and learner is desirable. le are presently

seeking ways to shorter this turn-around time.

23

e et o e

Flexibility. The student records program has sacrificed

é

some flexibility in order to increase efficiency and economy.

-'.hﬂcs*

dowever, they seem to be sufficient for present needs and F%
can be adapted to future needs as the uccasion arises. < ¥
Methods Lsed for Gbtaining Student Records Listing |
Two different machines and three different programs are ?3 ;
used to obtain the student records iisting. Program I, used . ?
on an IBM 1401, edits a 339 character 18§ record to a 195 g;

character record. Program II is the IBM sort/merge program
operated on an IBM 7074. This program sorts records according

to course name, student, sequence number, time and anything

eise an author may desire. Finally, “rogram III lists the

F
i K
7
i‘ -'
i
{
1 .
]
s
{
{
[
z
§
i

3

]
s st iz
.

student records according to requested course, students and
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sequence numbers (restart azddresses) and punciaes ceards containine

course name, student number, szquence number, date, jatency,

response character count, the %1 and X2 counters, rasponse

category, unknown response count, clock and trials. Program

I11 operates on the IBM 1491 and allows the printing of certain

information to be suppressed if so desired. All three of

these programs have facilities for input/output error detec-

tion and Programs I and III have facilities for correcting

such errors.

The statistical summary is obtained by means of a program

with four subroutines written in D.A.F.T. (Dual Autocoder-

Fortran Translator) which operates on the IBM 7074. This

program uses the cards punched by Program III above for

obtaining its data.
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Seme Conments Concerning Efficiency in the Preparation

- of Haterials for Computer-Assisted Iastruction
- David Alan Gilman

M

L

Sever21 authors (Dick, 1965; Silberman and Couison, 19€2;

Gentile, 1966) have assessed the difficulty and amount of time

S A rmw e e s

required for the preparation of instructional materials for

€3 3

computer-assisted instruction. Time estimates vary due to the i

fact that different standards of compz2rison are used. Silberman

3

and Coulson (1962) estimate that preparation of a two-hour

lesson may take several months. Gentile {1966) finds agreement

3

among professional programers that only a few good frames can

be written in a day. The difficulty of programing a lesson

] L e L

E f (in a subject matter familiar to a teacher) is compounded

Zm

with the difficulty of writing the program in a2 form acceptable
to a computer. Gentile feels that this combination is too

much to ask of a course author.

= e

In the experience of this author, under optimum conditionrs

v
i

an experienced author-programer can hope for no better than a

ey
Ty
g

1/40 ratio of instructional time tc preparation time. Comparison

of this ratio to that of cther experienced authors indicate

Q -
ﬂﬂ

that this ratio is considerably better than theirs, with

typical figures being 1/70 or 1/100.
There exist several points of view concerning the best

method for preparing programmed material for computer-assisted

Mo
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instruction. These points of view are evidest in the philoso-
phies of the various languages available for prcgramming mate-
rials Tor different computer systems.

Tue level of strategy required in a course may dictate the
type of programming that is to be done. At the simplest level of
computer langquage are languages such as PLATO1 (5itzer, Braunfeld,
and Lichtenberger, 1962) which require only that the author
enter his text and rules for evaluating his answers. The
computer has been programmed to accept the text and the author
dees not need to learn the computer languzae, biut rather learns
a few procedural rules ¥5r preparation of course materials.

The Coursewriter language (Maher, 19¢4) is an example of a

second level of difficulty. Coursewriter requires that the

author program his pattern of instruction in a lanquage which
might be decscribed as relatively simple, but the use of the
language becomes complex as the author's strateqy becomes

mere and more involved. The highest Tevel of programming
technique is required by the author who writes his own computer
program in machine lancuage to carry out instructional strategies.
This allows the use of the fuil capability of the computer,

but necessitates a high level of competence in computer program-

ming as well as in instructional strategy.

1
Acronymn for Programmed Logic for Automatic Teaching
Operations.
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The Coursewriter language, developed by IBM scientists,

AR

has been written in such a way that the course author can

use practically any strategy he desires provided he is -

23

skilled enough to program it. The use of such a language

requires that tne author be familiar with the language a.d

@
=3
-

I f know a number of programming tricks in order that he can i

£33

accomplish the desired objectives. Some attempt has been

N - made to make the Coursewriter language compatible with

o i . it
- e natural language, but if an author is to use a rather complex é
- B s
7, instructional strategy, he will need teo know how to program !

.
[
£A
i
A ¢

1
this strategy. The Planit 1language (Feingoid and Frye, 1966},

' N
- » \\I
3

put together at Systems Development Corporation, represents

w% an attempt to use the computer to assist the course author i
- ] !
s by informing the author at each step in th2 proeramming as 4
; ” ¢c0 what type of statement he shouild program next. Thus if §‘£
- i the next statement in the program should be a question, the f
: E computer will type "sq" to the author, which indicates that 1
. f &
- K the author should now specify the question. A message of &
E "sa" typed to the author indicates that the autnor should ?f
E,
B now specify the anticipated answer. In essence, Planit
- provides guidance to the autiior in programing his course. ?
g While the Coursewriter approach represents a more flexible 5
approach and therefore an approach which can be more fully :
i ]
1 |
§ Acronym for Programming ianguage for Interactive ;
: Teaching. -
F
1;%‘ F
] E
4
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utilized to present complex learning situations, much can

be said for the greater efficiency in the method employed

in Planit. 'The question which must be answered in the cheice ~
of 2 language for a computer assisted instruction system is,
“How compiez are the instructicnal strategies going to be
for a given curriculum?®

The complexity of instructional strategies ranges from

using the computer as a tool to present paired associates o
learning materials to using the computer to teach‘concepts <
in a manner akin to the way a classroom teacher or tutor might [E
present them. A languege 1imited to the preparation of mate- -
rials for paired associates fearning yould not be particutarly %j
valuable, since there are many devices such as the Gerbrands M
memory drum which can efficiently accomplish the same objec- L
tives at considecably reduced costs and with much less effors ?%

' required from tP experimenter.

§§ At the other extreme, it 1 not an efficient use of a iﬁ

1,& f teacher's time to code complex computer programs. Even ¢f

/o)
LSS

prograiing were as easy as writing a book, it would be

J

Py
i

<

questionable to expect a large number of classroom teachers

t.

o to have the time to write good books. Bugelski (1964) predicts

3

that program writing will ultimately be jeft to professional

programers who will work with subject matter consultants.

\vu
250

Several altarnatives to these two extremes are available

and can readily be put to use. Each of thase involve the_'

£223

use of a fairly simple language, such as Coursewriter and

1
e B e
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the writing of questions, anticipated responses, and appropriate
feedback for each frame by an author familiar with the subject
matter.

The essence of the solution to the problem of the great
length of time and great amount of effort requirad for the
preparalion of materials for computer-assisted instruction
Ties in the ability of the language to zccomplish complex
strategy without the accompanying burdens of complex program
coding.

Some alternatives to having an author program course
material are the use of (1) author-course programmer teams,
(2) a programming workbook, (3) an automatic author prompting
device, and {4) macro programs or standard sequences of
program options into which a variety of different text mate-
rials can be fitted. Each of these have been tried with some
degree of success by the Penn State CAI Laboratory and each
are being considered for further development.

Each method herein described is capable of providing
fairly sophisticated strategies of instruction for & course
authaor.

Author-Coder Teams. The use of author-coder teams has

been the most evident and probably the most widely used method
of increasing progremming efficiency which we have employed

at Penn State. This method is fairly simple. Tue author
first plans his instructional strategy and brings the material

to a coder. It is not necessary that the coder be skilled
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)

in languages other than Coursewriter, since Coursewriter should r :
be able to accomplish most strategies planned by the author. 3
The coder can approach the problem in any of two ways. First, [3
he can instruct the author as to how to program the material ﬁ
and give him step-by-step directions for preparing the course, {§ ‘
or he can do the program coding himself. {

The question which arises at thig point is the amount EE -
of skill and training required of the coder. The CAI Laboratory [] f
at Florida State University, for example, employs clerical-
technical personnel as consultant-programmers. The author % ’
prepares as much of the material as he wishes and then turns r:
the material over to a technician who finishes the programming. a '
It is fairly easy to train a technician to become a skillful ﬂf

coder. However, care must be taken to insure that the author
has control over the Programming of his course and that when

the technician utilizes special programming techniques that

B 0 3

these techniques do not change the author's intended teaching -

strategies.

3

A second point of view is that the coder should also be

a skiiled instructor or psychologist :o that he can evaluate

CXH3

the author's strategy and make suggestions as to how the course

couid be best taught. The difficulty in this approach is that

|

it would probably be rather difficult to find such a skilled

person who would be willing to confine his activities to course

coding.

2 B I
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A third approach, utilized we understand by the computer-
assisted instruction project of the Westinghouse Corporation;
is using a skilled professional programmey to prepare the
author's program in a computer language such as Autocoder

or SPS.

The greatest difficulty in this approach is that -
the author, because of his jack of understanding of the
computer ilanguage, becomes far removed from the course prepa-
ration and is unable to contribute course improvements.

In suxmary, the use of an author-coder team can improve
the efficiency of course preparation. However, there exists
a danger that the author may iose controi of course strategy
anc may alsc lose some flexibility if he does not understand
what the coder can do with the author language.

Programming Workbook. This method of improving efficiency

involves the preparation of » standard instructional frame or a
series of instructional frames on a form in such a way that
the author needs only to complete a few blarnks in order to
accomplish the programming task.

The difficulty in using this method s that the author is
timited to one (or & few) instructional strategies in any

course. Figure 1.1 shows a typical series of Coursewriter

statemenis arranged in a programming workbook. The author
needs oniy to prepare the appropriate instructionai messages,
questions, anticipated responses, and feedback, and write
them in the blank spaces. The course can then be punched on

cards n the regular manner by a technician.
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rd (author specifies label name)

ty {author specifies instructionai LJ |
message) -
1d  0//s3 =
qu (2uthor specifies question) -
nx ﬁ
ad  x0//x2 £
fn (author specifies type of processing) -
ca . (author specifies correct answer) -3
fn  sh///st1/7a0///sayright (feedback for correct response)
d 1753 §
. - s
ad i7/¢l
br  ac-__ _ //s3/1 (students who respond correctly are A
branched) Ld
unl (feedback for responses which are jn-
correct) n
un2 Ej
qu (author specifias remedial question)
nx
ad x0//x2
fn {author specifies type of processing)
ca_ (author specifies correct answer)

fn sb///st1/s7a0///thatsbetter (feedback for correct response)
d 1//c2 -

1d 1//s3

br ac __ _ [/s3//1 (students who respond cerrectly are
branched)

uRn

un

br ac __ (students who reach this point

3 M €W B3 % o)

in the program do not understand
and are branched to more ramedial
work)

o

{

- &3

Fig. 1.1 Sample page from a programmigg workdook.
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£

Programming workbooks provide a simple and dirsct way
i} of preparing course materials. However, the courses prepared
- by this method may become dull ard repetitious for the student
t; since the same type of questions are presented in each frame.
Ej Automatic Author Prompting Device. IB8M has recently

marketed a device called the Mcgnetic Tape “Selectric® Type-
writer. .This machine allows a sequence to be stored on a

magnetic tape and a typist can t.anually insert changes,

S B

additions or deletions in the program. A programming work-

book could be stored on the tape and utiiized in such a way

3

that a set of cptions could be provided the author at every

£33

step and thie author could provide the text of these statements

by simply typing them. The program and the author's stzte-

gz

ments are then stored o tape. Errars can he corrected by

erasing the tape in the area where the error occurred and

£

by retyping the correction. The revised course is then

stored on the tape.

o

It should be possibie to connect the Magnetic Tape

Ej “Selectric™ Typewriter to a card punch in such a way that

f} cards containing the course material can be punched for

= computer input automatically after the last revision 3is made.

E} The disadvantages of this method of preparation are similar
-~ to these of the programming workbook. In fact this method

E? is, essentially, a mechanized programming workbook. In

= addition some authors may experience difficulty in learring

s to operate the eauipment.

>
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A Macro Program. A macro program is a sequence of pre-

programmed options into which text material may be fitted.
Some of the inadeguacies of the programming workbook approach
can be overcome if one utilizes a prepared program to accomplish
any of several strategies. In using a macro program such as
the one develoned at Penn State, the author merely types 2 one
digit number (or a combination of one digit numbers) to ;ndicate
the type of strategy he wishes to use for a particular question
frame. After typing the number or numbers, the author merely
needs to specify the feedback which gees with each of caveral
responses.

The options contained in a macro program designed and
in operation at Penn State and their correspondina code numbers

are indicated below:

1. HNo feedback

2. Feedback of “"wrong" if the response is incorrect

3. Feedback of why the student's response is incorrect

4. Feedback of "correct" if the student's respons2 is
correct

5. Feedback of why the student's response is correct

6. Feedback containing a statement of the correct respense

7. Feedback of why the correct response is correct

8. Repeat of question if response is incorrect

9. Repeat of all questions missed in program until ali

frames are aaswered correctly

The auther needs only to program a series of integers tc

indicate his strategy. An author wishing to have feedback of

oy v:—s
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S L
i "wrong" when the studernt's respinse was incorrect, a feedback
L of why the student's response was incorrect, and repeat of
E; the question if the response is incorrect would simply program

238. The ovrder of the integers is unimportant. Any combinations

]

of alternatives 2 through 9 is possible, out choice § is not

compatible with the remainder of the choices. Appropriate

-

,- feedback for cach of the responses must also be listed by the
author. This is all the programming the author needs to d5.

Other improvements are possible. The author may choose

e o3

to use feedback indicating a correct answer from a series of

potentially reinforcing comments such as "right," “correct,”

K.

“very good," or "hot dog." These comments may be chosen randomly
from a prepared list by use ef a subroutine.
The original macro programs may be prepared by any pro-

grammer skilled in the use of Coursewriter. Since the macro

itself is written in Coursewriter, some authors may use the

L2 O B,

macro while other authors may continue tu do their own pro-

gramming in Coursewriter.

Figure 1.2 indicates a flow chart containing the options

available to an author wno uses the macro described in the

era 3

previous paragraphs. Fiqure 1.3 indicates the programming

w
)
';T
.

steps used by the course author. Such a programming arrangement

enabies an author who ! nothing of the programming language

- to prepare courses which utilize rather complex strategy.
Improvements ¢r new strategies may be programmed by providing

changes in the macro.
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14

0//5¢

f

Statement
of |
T~ problem

SP—- qu

Add 1 to
attempt
score

ca
matched

Yes

first
attempt

Mark response
void

l,es

Add 1 to
correct
score

|

Score this
gu correct

Add to
latency

Ves

“Correct"

“Wrong"

Rescdial
feedbac

Yes

Why response
is wrong

i

'Any
eedback

un

|

Score this i

response as

=

Ad¢ 1 to un
score

Mark this N
question ::azgncnt
attempted
Add -1 to Item Why ca i
7] attempt omitted correct
score
Yes
Score this Was
qu omitted response
orr
2:$t]s§gre “Try again® Next problem
= ] ¥
(
? o
Fig. 1.2. Prcgramming options available in each frame for authors using macro techniques.
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Muitiple Constructed
N Choice Ansver
U Frame Frame
i .
L Specify Specify
— Otrategy Strategy |
3 . Codes Codes 7
!
3 [
i i | Specify , | Specify
Ld i Question i<_? g | Question
-
Designate Specify Anti-
Correct cipated Re-
E Answer sponses Numbe
1, 2, etc.
Y
Specify Feed- Designate
; back for Re- Correct
sponse 1, 2, Response
= Letc. Number
Specify Feed-]
Yes ! Strate rback for Re-
E Change .-~ — sponse Number
\/ 1, 2, ete,
l Yes
AN
' ,/Séategy\- .
. Change
Fig. 1.3. Steps followed by author using a macro progranm.
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Such a plan is ideal! for the programming of multiple

choice programs in the intrinsic programming style recommended [
by Crowder (1962). Also, through the.use of the Coursewriter B
.

edit function, constructed responses can be made equivalent

to numbers. These numbers may then be used to represent the

S, |

response alternatives. Thus, the first anticipated response

€3

may be made equivalent to a 1, the second anticipated reghonse
may be made equivalent to a 2, etc. By using this technique,
the macro may be used for constructed response programs as

well as for multiple choice programs.

Conclusien

conmns: B oo I i |

There are several methods for improving the etficiency

in the preparation of instructional materials for computer-

u3

assisted instruction. Ameng the methods discussed were the

it

author-coder team, the use of programming workbooks, an

automatic author prompting device, and the macro program.

£

It is probably asking too much of an author to expect him

to prepare instructional materials and also program them for

it

computer presentation.

Lwrs

Author-coder teams represent increased efficiency. The
coder may serve as a consultant or may actually do the program-
ming for the auther. The use of programming workbooks is

another possibility, although preparation of materials by

Za od

this method limits versatility of instructional strategy.

A

The same difficulty is true of ar automatic author prompting
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device such as a Magnetic Tape "Selectric" Typewriter. This
device may also be rather difficult for authors to use.

The use of a macro program represents a highly efficient
method ot course preparation. By using a macro program, it
is possible to have a natural larguage program without sacrificing
the versatility of tne programming ianguage. Many strategy
varifations may be utilized simply with the use of a macro
Program. Eventually, CAI Programming should be no more
different than preparing a well-thought through lesson for
the classroom.

It should be emphasized that each of these methods is
relatively inexpensive when compared with the on-line costs
for direct author input of material in an interpretative mode.
These methods may represent considerable savings when increased

efficiency in the use of the author's time is considered.
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CHAPTER IT
cNGINEERING SCIENCE

David Alap Giiman and Robe-t Ico

The engineering scieﬁce course is being developed in
such a way that it will serve a dual purpose. First, an&
L most important, the coursze segments are being programmed to
- serve as material for research studies. Second; the cgourse

segments are being combined to form a comprehensive curriculum

gﬁ in engineering science.
L.
Primary emphasis has been given to the development of
-
;; materials suitable for the teaching of the basic skills for :
{
- the engineering technician. Among these are the use of sig- i
- nificant figures, measurement, working with units, the metric ;
3 system, and the use ef scientific notation. Several versions i
j
of course segments in these areas have been prepared and are g
)
j available for the use of experimenters. Also, materials have g
q been prepared in the areas of optics, heat and thermodynamics, |
| atomic scructure, electrostatics, and electronics. The
7 Enginzering Science course segments now total approximately

23 1/2 hours of instruction.

[T A

One area currently under development is a simulated physics

Taboratory suitable for technical education students. The goal

o, o )

of the simulated labratory is to take advantage of the highly

motivating aspects of “quided discovery" Tearning arnd inquiry

A

metnods. Experiences are planned which will enabie students
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to demonstrate their knowiedge of the varicus elements which

go inte the soluticn of a problem and to query the compuier i
for those items of information which they do not possess. Ik

During the past six months, two studies have been con-
m
ducted. Each of the studies involved teaching physics to $

T 1
>
L i

(14]
bt
).
(9]
[-\]

4
[

education studenis. The first study was a comparison

of three branching techniques in teachirng a programed seguence. %

The second attempted to compare the effectiveness of differing {3

the verbal content of programs for students of high and low M
; verbal ability. %
; Articles describing the computer-assisted instruction n
; : project in technical education at Penn State appeared in the L
f 7 September 1966 %ssug cf Tecanical Education News and the []
i November 1966 issue.of School Shop (see Apgendix B, p.115).
; | An articla describing a study in engineering science has been {]
% accepted Tor publication by the Journal of Educational Research.
é The three examples following are instructional sequences £§
? taken from course segments in engineering science. These sequences r
% illustrate several Qifferent programing ctrategies, as shown U
i in the accompanying flowchart for each example. An understanding E}
% of the role of each of the mnemonic codes or operands can be n
5 ]

obtained by referring to Chapter 1, page 4, of this report.

x

(3

Example 1
S%gment: Introdection to Physics {3
Institution: Penn State
’ Author: D. Gilman gi

o - = W e e, ey e—— - -y 7 A S w PN, M 0 Rl
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The program first checks to determine whether or not the

L student has given tie words "matter® and “energy” in his answer.
e If the answer does not contain bouth words, it is tested for

L the presence cf either word. If "matter" or "energy" is found
1

in the znswer, the student is told he is partly correct and

directed to type a compliete answer. The un, which tells the

-1

student the answer, is typed only if the student's response

contains neither "matter" nor “energy."

‘\ i
o

This retatively simpie coding method gives the student

B T L T,

who is on the right track the opportunity to improve his answer.

3

There are three different treatments providec for the compietely

™ 11

=3

correct, partly correct, and completely wrong responses.

The program is written so that the students' responses

e de—, b

3

: will be typed in red and the computer messagés will be typed

in black.

-

LABEL 0P TEXT
% qu What is physics the study of? (PreA)* -
gl o
l ﬁ fn ed//#/] 11 /s
P fn ku//2//¢c2
%. ﬁ ca smatter,energy
ty Correct.

£

*Programed so that autcmatic ribbon shift from black to
red occurs and student's response will be typed in red.

P Y { E

24
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LABEL opP TEXT

br wrong//c2//1//1

li}
J

E‘ T

ty You are partly correct. Type the complete

answer. (PreA)

3

br xi0 ,

(3

wromng un Your answer is not correct. Physics is the
study of matter and energy. Type the correct

answer to the question. (PreA)
rd

-3 3
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Type au

gt
e

3

y

]
=]

Edit response

- AN EAm

B

Type Next |_. Continue
ty rd course

ty

(\@roit B weer: B wis. |

¥

aes

- Type un

Fig. 2.1. Flowchart for Example 1 (Introduction to Physics)
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Institution:

LABEL - oP

a-80 rd
fn

ty

fn
qu

nx

Segment: Atomic Energy
Penn State
Author: D. Gilman

The author prcgrams the computer to generate a random
two-digit number by the fumction "irand," and then uses that
number to pose a problem to the student. The "1im" function
is used to check the student’s answer. By usgng the "1im"
function it is possible to store the contents of the counter
containing the random number as the correct answer. He ig
looped through the same sequence, getting a newly generated

number each time, until he is correct on one.

1

Example 2

-

E;s-g- J
S pememem v

(N R

TEXT

irand//c2//¢c2
a-50//c2//e//0

€23 3 U8 3 N Do

How many protons wouid there be in an atom

having ,,

Lo,

e ne Tt a2 e _,:.,-_...._:h_ -

3
'}
3o
|
1
|
|
I
3
!
i
|
H
}
4
]

de//c2 3

.» electrons? 7
=

E} {

4

{

1

Refer to Chapter 1, page 4,for an expianation of mnemowic g ;
codes and operands characteristic of Coursewrit r language. 4
'

2

|
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g

-80-

£

a-84

fn
fn
ca
Er
ty
in
br
rd

ed//$//s

1im//1/7/¢3

17799
a-80-1//¢c2//ne//c3
Right. They are equal.
The - shouid be equai.

a-80

4y

Try another crobiem.
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New restart
rd (blank) |- address

.l - Generate a random digit in
fnirand |- the units and tens position
of counter 0

.

3 )

(=3

e

T -First part of
yif 4 the question

Display ctr 2

B l Complete the
Type qu |- question

3

CE 3

l -
Wait

:

Edit response

2D

~ 1im stores the integer
" which satisfies it
into counter 3

CIzs

L

&3

56

s £ o b
g

|

Nexf rd

Fig. 2.2, Flowchart for Example 2 (Atomic Energy)




, Example 3

1

Segmert: Atomic Energy

1

Institution: Penn State

L

Author: D. Gilman

The author wants to accumulate the student's response

data in this question and type out his total response time

3

to the student. The author first clears counter x1. He then

inserts a blank rd before the question so the counter will

£33

e o e e e

not be re-cleared if the student takes more than one session

to complete the question.

[/ |

Each time the student answers the question, his response

£33

time (from when he received the PROCEED light until he entered

A

the EOB signal) is added to x1. His answer is then processed.

12

The student 15 told whether he is correct or wrong and how

many seconds he has spent on the question.

1

1 "i
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LABEL 0P TEXT S

‘ rd E
a fpl 35
E id 0//xi .A
_ L
rd i

Gu Examine the slide. What is the atomic number ~

of sodium?

g5, ons

1

Refer to Chapter 1, page 4, for an explanation of mnemonic
cedes and operands characteristic of Coursewriter language.
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x0//x)
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28//23

&l

okay

-

ed//#// 1] I/s]/-
kw//1

A

stwentythree

Correct. It took you ,,

dc//x1//-2

-

»» Seconds to answer the question correctly.

go
23

Wrong. You have nuw spent ,,

de//x1//-2

»» seconds trying to answer this question.
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rd (blank)

é

Show slide 35

v

Clzar ctr x 1

!

rd (blank)

!

Tvpe qu

Type ty

_New restart

address

Type ty

J

1

Dispiay x 1‘] )

v

Type ty

!

Next rd

Fig. 2.3. Flowchart for Example 3 (Atomic Eneréy)
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Type total time
to student

_ Continue
course
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CHAPTER 'III
TECHNICAL MATHEMATICS
David Atan Gilman
and
Nancy Ann Harvilchuck
Computer-assisted instruction in technical mathematics
has utilized for its founrdation the principles emphasized in

numerous technical® mathematics texts in current use. These

texts, together with the guidelines suggested in Curricula

for Six Technologies, by Arnold and Schili (1965), have been

ot P
<

used extensively in the planning, preparation, and evaluation
of course material.

During the last sis months. the major activities of the
technical mathematics program have been the preparation of
cudrse matarial and the pianning of research studies.

A total of 14 mathematics course segments, approximately
twenty hours of student instruction time, have been developed
at Penn State to date. One recently developed course considers:
logarithms and exponents. The student first reviews exponential
netation and then {s introduced to the concept of logarithms.
After some practice in the manipulaticn of logarithms, the
student begins to solve simple rrobiems. He then utilizes
his knowledge to work problems of a practical mature. Since
the program uses static displays, the student may refer to
previous e%amples at any time.

A sample of the Togarithm program follows:
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|
- Sample ‘of Logarithm Program - E
@ oTEk =
qu 7. Here's a tricky one. g %ﬂ i
a? s 2t - H
Solve this usiny the division law for expanents % i,,
fn kw//1 a i
wa $1%0ne é
ty .. Your answer is correct but what is it in exponential 7 E:
f.orm? (a?) . E
nx v E;
fn kw//1 E -
ca $20$a $A0$A0 g E
(The student has been told to type ad [azero) E?“
for a°.) < %i.
ty Correct. Whenever you divide one number by itself ;f,
you get one. So by definition a0 =1, s ‘
un N R a? Type a0. :

T ATY

s .

TS OB Yot
R '

\ T

- L W e
x

W TR Ty

\ The program tries to help the student solve examples as
' illustrated below:

qu 16. Example: To express 537 in standard notation

LAY A TR TR X W S e ms (TR U T

2. To obtain 537, we must multiply 5.37 by ?

'€ S T SRR IS 4 .

]Refer to Chapter 1, page 4, 7or an explaration of maemonic
codes and operards characteristic of Coursewriter language.

= = ST 2 e

:
1. First write 5.37 l
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nx
fr kw//1
ca $hundred$100 $L0O
ty Good.
un ’5.37 Xx = 537.
ad 1//cl _
un You must hultiply by 100, Txge 100.
‘ad £1/fcl |
qu 17. 100 can be expressed as 10 sauared or 10 to
what power?
nx’
fn kw//1
ca $ 2 $twosecond
ty Good. The final result is 4.372 x 10 iﬁ ;ta;;3rd
notation.
un 10% = 1, 10 = 10, 10% = 100, etc. Try again.
What power is needed? '
ad 1//cl
un The answer is 2. Type 2.
ad 1//ci

f

After some practice with standard notation, the student begins
solving simple problems.

Gu 33. Log to the base 9 of 3 can be written as
log 3 = a. Find n.
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nx

fn

ca
ty
un
un

un

kwo//3
$1%8/%2

Sood
This is tricky. $' = 3. What's n?’
Hint: n is less than 1 but greater than 0. 7Yry again.

n=1/2. Type i/2.

By the end of the program, the student is ready for compiex
practical problems as illustrated beiow.

qu

nx

fn

ca
ty
un
un

un

The weight w in pounds which will crush a solid
cylindrical cast iron column is éiven by the formula

w = 98,920  g9.95
‘is.g

where d is the diameter in inches and 1 is the length

~in feet. What weight will crush a cast iron column

8 ft. long and 5.2 inches in diameter? (3.55 and 1.5

are exponents)

kw//1
$1,004,000 $1,004,000 $1,004.000.%$10040400.

Correct. Now for the las* problem.

‘Wrong. Recheck your work and try zgain.

Wrong. Log 2 = log 98,920 -+ 3.55 log d -1.5 log 1.
Log 2 = 6.00173. Find w.
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Research studies being planned invoive comparisons of
various media for instiuction and drill in mathematics and
the use of several variszties of feedback te teach mathematics.
Two studies are being planned which will compare the efficiency
of feaching a student by an instructional sequence ‘:iigh the
student selects, with an instructional sequence selected by
the course author. ‘Cbnsiderablg‘emphasjs is alse heing given
to the appropriate amount of verbal conteat that a program
should contain in order for it to teach most effectively.

Perhaps the most significant aspect of computer-assisted
instruction is its branching and decision-making capability.
The computer has the potential to branch on the basisz of any
of several predictors (i.e., error rate, response latency,

mental age, attitude scores, and other variables). Our.research

will attempt to identify predictors which correlate differentialiy

with performance in different instructional treatments. From
this information it will be possible to develop branching
decisions based on empiricaily validated predicters. Cut-off
scores can be estabiished so that students are branched to

instructional treatments which optimize learning.
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CHAPTER 1V
CCMMUNICATIOR SKILLS

darriett A. Hogan and Helen L. K. Farr

Summary of Activities

During the third six-month pgriod of the preject, the
final remediaj spe?iing'seghents“pf the communication skiils
programs were completed, put on the CAI system, revised, and
then submitted to a field trial. 'A totzai of 14 spelling segments
was avaiiabie for use.

The purposes of the spelling programs are to evaluate
the spelling competencies of students preparing to be technicians
and te provide remedial instfhction in nine areas of spelling
a5 needed by each individual student. Major emphasis in each
sﬁelling program is directed toward the utilization of the
decision-making capacity of the computer to individualize instruc-
tion and toward the optimum use of the audic-visua!l equipment
associated with the computer terminals.

In Figure 4.1 a flow diagram of the completé'spelling

‘program is shown.

The program includes an orientation to the IBM Selectric

typewriter, tape recorder and photographic slide compute. out-

. puts, a word study unit, the diagnostic test, nine .emedial

segments, a proofreading exercise and a'spelling achievement

test.
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“spintro"

Word study
llspws "
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Diagnostic |
test "spdtesy

Instruction
in as many o
nine areas*
as indicated

Prootraading
exercise
“spproof"

Posttest
"spptest”

«D

fo—

or
0

Yes

2 or
e erro
‘ﬁ\gfe pe

ok

No

*Nise Instructional Aveas:

1.
2.
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sppl - plurals
spsuffix - prefixes and suffixes
spe - final 2 words

spi-e - words containing ie
combinaticn

spsy! - studying words by syllables

spcomp - contractions and compound
Words

spdiscr - similar words
sphon - homonyms
spdemon - demon words

Fig. 4.1. Flow diagram of CAl sbelling program.
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A0

The word study unit emphasizes the importance of system-
atic word study in the improvement of spelli.g. Students are
encouraged to look at each word, proncunce it and then write

_it.. instruction in dividing words into syllables is 1ncludéd.
Word study also includes examining words for "troubie spots"®

such as siieﬁt‘léttérs, difficult vowel combinations, and dn-

Corye S o S o

wi g Beiivy
o) X
.

phenetic sounds.

&2
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The diagnostic test is used to svaluate each studant's

I ERETT

speiling performance in nine problem areas. Five items in

»
»o

7338

reiryy

each of the aine areas are included in the 37 werd diagnostic

¢ N

test. Tw#is §{s accomplished by usiad some of the same yords

-

for more than one purpose. For example, in the word perceive,

s

'
SRR R SO

if the first syllable is spelled inccrrectly, it is tallied

a

as a prefix-suffix error; if the ei combination is reversed,

&8

an et-ie error is tallied. If a student makes two or more

errors of one type he is branched to the appropriate remedial

=

program. Unanticipated responses ia either syllable are tallied

&8

as errors which will branch the student to the remedial program.

The objectives of the‘proofreading unit are to emphasize
the importance of proofreading written work and to improve
the spell%ng'af words ir context. A segment of a techaical

repert such as might be prepared by a technician is displayed

to the student and¢ he idenfifies and corrects misspelled words.

The achievement test, like tha diagnestic test, is made

up of words containing nine types of spelling problems (Appendix C,
p.127j. Difficulty of the two tests is eguated so that change
scores from the diagnostic test to the achievement test can be

obtained.
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Words used throughout the spelling program are selected

)
[ Yy .
e v e e 4w e L ar

'é; from 1ists of most commonly used words and lists of technical E} A:
% é words. The selection of words and the context in which they
; E are used are intended tec intevest the technical student and Eg .
'% to illustrate to nim how spelling may be an occupational skill ;
i important to him in-his work as well as in general usage. 4k
In the fall., the two staff members working on communica- F3
st

tion skills visited the Williamsport Area Community College

&

19 - e
3 N 4 o
t

(WACC) and the A" toona nampus of The Pennsylvania State Uni-

versity (APSU) to: (1) observe students in two-year technical

=3

programs in Eﬁglish and speech classes; (2) discuss strategies
of CAI with fﬁstructors; and (3) lay the groundwork for a fiel
trial of the completed spelling segments.

Students at, WACC and APSU were asked by local staff members
to participate in the field trial, with the understanding that

o I ewrtor B

participants would be paid a nominal sum when they completed
the tasks involved. -

Because of the reading invelved in the CAI spelling pro-
gram, it was important to have an indication eof the students'
reading ability. No sténd%rdized reading or English achieve-
ment scores were availablie for the WACC students; therefore, % '_-j
arrangeménts were made to administer to them the reading com- :
prehension and English placement tests consiructed by The
Pennsylvania State University Office of Student Affairs Research.
These tests constitute part of the tost battery administered

to students applying for admission to The Pennsylvania State 1

Universi‘y (PSU), and consequently, the scoras obtained by the
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APSU students on the tects were available from the 0ffice oy
Studen{ Affairs Research.

A 40-item questionnaire (Brown, 1966 and Wodtkz., 1965)
designed fo elicit studant attitude toward CAIl was expanded
to cover 44 items. This'questionnaire was administered to
all participants after they had completed the CAI spelling

-

course (Appendix C, p, 121).

“The Field Trial

A field trial was designed to obtain information about
thé gencral "takeability" of the speiling program segments,
aad’to vrovide bases for editﬁng and revising the program.

The study was conducted at WACC and APSU from October 31, 1966,
to December 9, 1966. '

Twenty-five students at WACC and 16 students at APSU
participated in the field trial. Because of equipment mal-
functions and proctor errors, data from 12 Subjects (Ss ) at
WACC and 4 Ss at APSU were incomplete and are not included in
this. Al11 Ss were enrolled in iwec-year programs of study at
their schools. The 25 participants were majoring in the following
courses at their schcqls: l§ in technical subjects (e.g.,
electronics, drafting, construction, machine and electrical
technology; and 15 .in busiress courses (e.g., general business,
accountiné, business management, vetailing, agricultural Susiness).
The numberof students enrolled in each area is shown in Table

4.1. The ages of the Ss ranged from 18 to 27 years; 14 Ss

were men and 11 were women. -

Ry B Y -~ . -
- n " g O 2w e s
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Preliminary Findings and Apparert Trends

The analysis of the data gathered from the study has not

yet been completed. Nevertheless, several trends have emerged

~ from the preliminary analyses, and it is clear that the informa-

tion will be helpful in editing and revising the program.

B The following preliminary findings are already evident:
(1) The range of all scores for the APSU Ss was narrower than
for the WACC Ss. (2) Gains were recorded by two-thirds of
the APSU Ss; all but one of the WACC Ss made gains. More of
the Ss at WACC made larger gain scores than the Ss at APSU.
The mean gains were greater at WACC than at APSU. fen students
generally made greater gains than women students except that
sex differences were confounded with school as shown in Table
4.2. (3) As shown in Table 4.2, there appears to be a positive
correlation between achievement gain scores and the number of
course segments covered by the student. There is no apparent
relationshib between the number of equipment malfunctions en-
countered by the student and the gain. (4) Generally, the scores
on the attitude questionnaire appear unrelated to the amount
of gain revealed by the gain scores as shown in Table 4.41.
Women Ss had a higher mean score (positive) on the attitude

questionnaire than mer.

1

A complete correiational analysis was umavailable fovr this
report; however, .the firnal analysis will be complzsted in the near
future.

|

=3

-1

3 B3

r

3 O OED O @ N o Enx o O3S

g
e
=

%

ey

2%

ped




——ar e - E e B BT e e e o e - e N e == - -

67
E Table 4.1
g Biographical Information on Ss in Field Trial
of Remedial Speiling Course
APSU WACC
Men 3 11
Women 9 2
TOTAL 12 3
Course Majors:
¥ Business
General Business 2
Accounting ' i
“ Business Management 2
- Retailing 9 ‘
a Agricultural Business 1
Technical
Electronics 3
' Drafting 1 .
Construction 2
g Machine . 1
Electrical Technology 1 1
TOTAL 12 13

.
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Table 4.2

Scores on 37-item Spellinc Test
for 25 Students in Field Trial

(Maximum possible score 501)

oot SN S, Y oo I oo

n APSU WACC
- i
Pre- Post- Gain Terminal Pre- Post- Gain Terminal
Sex test test Scores Time Sex test test Scores Time
- W 26 34 8 5:00 W 20 43 23 8:23
. M 32 - 39 7 5:48 M 29 47 18 5:35 ki
o M 26 33 7 5:42 M 22 34 12 16:09
o W45 48 3 2:25 M 238 37 9 6:41
"% W 47 50 3 2:53 M 25 34 9 8:20
M 35 33 3 7:01 M 2) 28 7 7:34 E
W 46 48 2 2:25 W 31 37 6 5:18
f W 35 37 2 6:45 14 38 43 5 3:08
“ U 45 45 0 1:50 i 33 338 5 4:16 E
H ]
‘ W 42 42 ] 2:26 M 34 38 4 5:58
j W 43 41 -2 3:23 M 39 42 3 2:31 v
W 41 39 -2 S:24 M 40 41 | 3:06
i - - - - - M 39 39 0 2:32
f Mean 38.58 41.08  2.58 4:50 30.69 38.53  7.84 5:38 g
|
| |
B |
o |
;
r i}
? .
a L
1 =
3 N.B. Maximum score of 50 on this 37-werd diagnostic spell- -~ | 2
k ing test 1s possible bacause several words diagnose more than on¢ N |
type of error(sce p. 63). B 3
: -
1 8
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Table 4.3

Rank Ordering of Absolute Gains with Number of
Course Segments and Equipment Malfunctions

g

\

APSU WACC P |

' Weighting Weighting L

. Number of of Equip. Number of of Equip. Ay .

| Gain Segments Malfunction Gain Segments Malfunction = |
Scores Studied (#30)* Scores  Studied (#30)* e

B k. . e
8 9 3 23 14 3 -
“ad 7 9 3 18 g 3

: 7 8. 5 2 1 5 a

' N
N 3 8 2 9 9 2
3 5 3 9 9 4 .—fi-

- 3 5 2 7 9 2 |

£ 5

. 1 2 5 3 5 7 3 E
N 0 5 5 5 7 3 |
t - ; -
» 0 5 3 4 7 4 ¢ |
s -2 § 3 3 6 3 2
x -2 6 2 1 6 3 : - |
I . = d - 0 5 5 ‘ i

: *Item 30 on Attitude Questionnaire reads: -
f'i h While on Computer Assisted Instruction I encountered mechanical ‘
F E malfunctions. _
— 1 (Weighting) (1) (2) (3) (4) (5)
N ’

Very Often Often Occasionally Seldom Very Seldom

")
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jable 4.4
Attitude Toward CAI by Gain and Sex

APSU

Positive Positive
Attitude Gain Attitude Gain
Scores Scores Scores Scores

N

180
177
170

1639
165
163

161
157
154

152
144
140

168
166
165

163
161
160

160
160
i5¢

157
151 -
147
1248

2E R

3
2
7
0
0
2
-2
3
7
2
8
3

XEE IEXE XXE

I WO WOHY N W
TTEX TTE TETZT XTI

N
L]

()]
sl

7
Mean 161 ° Maan 157

STy AT OB

) S
Men d Men
Yomen K Women

/
/

V4
Discussion ‘
// .
It must be remgybered that caorplete statistical analyses

have not yet be?2,€3mp1eted on the data discussed in this report,
and the findings reporied above should be regarded as preliminary

until all Qf the planned statistical analyses have been completad.
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- Table 4.5
—? Tabulated Responses for

Attitude Questionnaire ltem

Item 44:

14

an

How long do you feel you could work efficiently in computer-
assisted instruction at one sitting: [circle one)

i More than

1/2 hour 1.hour 1-1/2 hours 2 hours 2-hours

APSU 0

1 8
HACC e 6

: 1
3 ]

TOTAL 0 7 6 11 1

TS

IR DT R

ek

However, the nreliminary exami.z:ion of the data does suggest

answers to some of the questions that this field trial was

1. The narrow range of scores for APSU Ss may be
a consequence of two facts:

o ta) The APSU Ss were a sample from a popu- _ -
- lation previously screened by meeting
university admissions requirements. -, |

(b) Of the 16 APSU Ss, 13 were enroiled in
! the same course of study, thus reducing
: variability in spelling achievement to
some extent.

N planned to explore.

‘ 2. The program, even without needed editing and re-

vision, appears to be a way for students to learn

' spelling skills. As might be expected, the pro-
gram was especiaily helpful to those Ss who were i
poor spellers as indicated by their low pretest N
performance. This is inferred from the comparison
between those whose performances showed gains
«1.e., 20 Ss) and those whose performances showed
no gain {¥.e., 3 Ss) or a loss (i.e., 2 Ss}).

ARSI LI %

S e e — v—-‘-—*--‘_w-—eé-‘?)‘- —_——
. -

P

oy ranans




<3

72

WY e

3. The greater gains showa by men as conirasted
with women students is in keeping with usual
expectations for enrollees in technical courses.
These findings are of course confounded with
the schools which the students: were attending
and further field trials wiil be undertaken with
studen? samples from both sexes in both lccations.
The women had higher scores on the pretest; con-
sequently, they had less opportunity to make
gains, and considerably less need for a course
of instruction in remedial speiling. Furthermore,
the women in the field trial had higher mean
scores on the PSU reading comprehension test
(X = 12.5) and on the English placement test
(X = 50.1) in contrast to men whose mean scores
on the same two tests were 11.5, and 34.6, re-
spectively.

&2 3 3

e e v —— —— e

4. Unless Ss experience a minimum of equipment mal-
function when they are taking a CAI course, they
tend to regard CAl as an interference in thei:
learning, rather than as a help. Of the 40 $¢
who originally enrolled to participate in thig
Study, the data from 15 could not be included
in the analysis because the Ss encountered extensive
machine failure and proctor error. The mean
attitude score of these excluded students was
less positive (X = 151.8) than that of Ss whose ¥
data were retained (X = 159). ??-

5. Confidence in the validity of the pretvest has
been increased by the nositive relationship between
the number of spelling course segments studied
and the positive gain scores. Ss were routed ;
into remedial course segments according to their i
performances on the pretest. g
|

3 E3 T3
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Implications

The implications made by the preliminary analysis of data

from this field trial are promising. Depending on the com-

&2

pletion of the data analysis, it appears that further research

” _f on the use of a CAI spelling program with pocr spellers in

two-year technical courses is indeed meritad.
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Efforts to eliminate malfunctions of equipment should
be of primary concern %o researchers. There is some evidence
that this may involve the more careful and thorough training
of terminal proctors assisting in a study, as well as the mora
rigorous and systematic testine and retesting of the equipment
used, and of the computer program as it is exacuted at the
terminal.

Since the program has demonstrated that remedial spelling
courses can be taughi by CAI, it would seem that a new field

trial should be initiated with a revised and edited version

of the course.
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CHAPTER V
RESEARCH REPORTS

3

Cyeing and Feedback in Computer-Assisted Instruction

Keith A. Hall, Marilyn Adams, and John Tardibuono

£33

It is not appropriate at this point of development to maine

AN

tain that the CAI can or does provide more efficient methods

of teaching. Rather it is more appropriate to scrutinize the

73

-particular characteristics of a given system for improvement

SEmATp e e S mene acmeve sy
. 7 . -
i
v .
) \ e e N

of learning. Many of these characteristics or variables can-

not be judged in terms of previous experimentation because

£33 3

they do not exist in other learning experiments or situations.

|7 RS e e e m s

Further, studies conducted in laboratory situations cannot

B3

be readily transferred to an educational environment. This

study attempts to remove the psychological learning experiment’

vy
¢ wliieh
U
. .
. .

from the artificial world of animal laboratories and nonsensc ;f 

BT

syllables and to place it in educational context. _ [f;

The CAI system at Penn State University has two Coursewriter

functions (among others) for previding feedback to students

&

regarding the correctness of their ressonse. Each of the functions

gives the author flexibility ir selecting the type of feedback

{
i, ﬁ to provide to the student. At this point though, there is l
'; no information available to guide the author in making a choice. %

L
I The two functions under irvestigation are keyword (kw) and 4

partial answer zero (pad). (See Chapter I for an interpretation

of mnemonic codes.) The keyword functiorn can be used to match a

k1
) ,
B E student's response against a stored correct response in a block ;
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consisting usually of a complete word or several complete words.
A decision is made by the system on the basis of a complete
word matching or not matching. The pa0 function causes the
system to match a student's response against the stored correct
response a single character at a time or in groups of characters
at a time depending on the author's decision. 1In each case
feedback can be given to the student based upon what was matched
and what was not matched.

The simplest form of feedback with kw is for the system
to type at the student terminal the complete response which
ke should have made. The simplest form of feedback with pa0
is for the system to match the response made by the student
character by character against the stored correct response
and type back at the student fermina] the characters which
matched correctiy, dashes for lowercase characters which did
not match, and underscores for uppercase characters which did
not match.

A typical student-system interaction using kw with
immediate feedback of the correct response might look like
this. The system types “Colorado" and the student is to type
the capital of that state. If the student types "Boulder,"
the system will respond "Denver;" Using the pa0 function the

interaction would differ. If the student typed "Boulder" the

system would respond "De---r," 1In this case the system searched,

the student's response "Boulder" and found three characters

which are part of the correct response -- d, e, and r. The

. e
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system rearranged these into the proper order and typed
them fer the student in their proper location.

Programs have been written for investigating the effec-
tiveness of these two kinds of feedback. A paired-associate
learning task is employed using fifty pairs which the student
must learn. The fifty state names of the United States
are presented as the stimulus items and the student will
Tearn to vespond with the names of the capitals. The items
are presented one at a time to the student at the ferminal
typewriter in random order. If the student responds cofrect]y
on his first trial to that stimulus, it drops from the program.
The program recycles until each student has responded correctly
on his first trial to each of the stimulus items. After he
had "acquired" each of the fifty pairs,he again goes through
the 1ist as a posttest. Each student takes a retention test
two weeks after the initial treatment.

Each of the experimental programs contains the following

features:

1. A list of warm-up items consisting of five countries
presented as stimuli and their capitals as response
items.

2. A typing test which reports a student's time and
acruracy in typing an -alphabetic sentence.

3. A progress repori to the student after each trial
through the list of states consisting of

(a) total number of responses
(b) total number of stimuli prescnted

{c) total number of items acquired

— e oy
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5 (d) total response latency {} f
;' (e) current clock reading Eﬁ j
! 4. An avtomatic five-minute break approximately half !

way through the task.

.

Te— -~ o
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5. An automatic connectiorn to a system administerez
student opinion survey regarding CAI. [}

A}

A preliminary investigation was conducted during the Fall

P e
»

Term 1966, with ten subjects on each program. The results,

e
ot

£

though not conclusive, have encourzged the authors to centiaue

£

coilecting data with a large sample of students. The two experi-

. e p——— S e

mental treatments are now being administered to students from

-
”,
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3

. the Williamsport Area Community College.
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L Relative Effectiveness of Three Modes of Presentation
Through Computer-Assisted Instruction
I Donald ¥. Johnson
m .
Lé This study was undertaken to provide some a.swer to the

computer-student interface pyoblem. Ovten when writing material

ST

for CAI, an author is confronted with the problem of deciding
which mode of presevtation he should use. His choices cur-

rently are among the typewriter output, audio tape messages,

3 D

2 x 2-inch photograpnic slides, or in some cases static displays.
(Static displays are usually in the form of papers, booklets,

or three-dimensional models.) In some instances these choices
are determined by the subject matter being presented, (i.e.,

when presenting stimulus material to test spelling abilitv, an
audio message is the iogical choice). However, the presentation

mode in many instances is not so well definad.

The purpose of the study is to determine the relative

effects of three modes of presentation, audio tape, typewriter

g

output, and static displays on total time reguired for subjects

to complete the course and on competence as determined Lty a2

=3

posttest score.

ik

Method

Course material chosen for the sfuey was a phvsics sequence
on "Working With Unils." It is a basic physics series designed
for vocational-technical students who have finished high school

and have a limitad backgrourd in mathematics and physics.

<
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v - 1 ) The sequence originally contained material presented through il |
{; ) ‘ typeout with nine slides supplementing the printed verbal material. r
! o 4
: ‘7, Questions were included throughout the sequence to provide for -
g ! ; student interaction. VWritten verbal typeout contained the basic E
| i instruction and could be considered the core of the short course. \
- This core instructionai maierial was transcribed word-for- G
a‘ :0- i word on audiec-tape %0 provide the audio mede and was placed in B X
E a booklet to provide the static display made. The original ’
. f} materizi was Tadbeled the type mede. 5
. | A1l subjects in 211 modes viewed the came slides and answered 9
) - the same questions: only the instruciional msterial was altered éj {
. througt a change of presentatiun mode. A fourth,gvoun, ideati~ §
3 B fied as the control gvoup, took the final examinatisn only and > l
."g‘;; received no instruction. Subjects were placed in groups by § @_
N3y i
ihl ; random assignment. - ?g
1 The subjects were approximately ninety juniors and seniars gef % '
?"z".t'; f in the College of Education enrolled in an introductory instruc- = LQ
‘;‘\ tional media ccurse. They did not have a mathematics or physics g ;g
l.;;:,}," k background. / E ‘
;ijx i Type Mode. 1In the type mode, ths subject signad on the
o
‘iﬁl‘.;f ; course, the computer typed out instructions then typg/d/a/c;uestion, E ‘;
*1»' the subject typed the answer to the question, a/s;r'ide was shown, @ ;
11lustrative material about the slide was Ey;iéd, etc., until ' itg
’Y the lesson was completed. The subject was immediately tested @ ;
'; :‘ i on his knowledge at the terminal by & computer administered : .‘
]i test. Total instructional time and test scure was recorded. ?j *
. {:
‘z ¥
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3 Audio Mode. Subjects who ‘received instruction €hrough

@ the audiv mode heard the same ‘material that tilte/sub.ject§ in

. the previcus mode read from the typecut. Subjects could re-

{; peat each message as often as desired }ut/could not read or

- by-pass any matertal. When finished, they took the same com-

t puter administered test.

‘G Display Mode. Subjects”in the display mode had a bogk-

‘ tet in their hands con%\g_ all of the messages heard por

= read by the ahuve groups. The typeout instriucted them to refer

< to and read t}e proper page of instruction. Slides were shown

§ in the pr/c e sequence by the computer and questions asked

E at the proper time. Answers to the questions were tyved by

. the subject. The same computer administered test was taken

g //by this group.

= - Control Group. The control group oniy teok the test at

3 thé computer terminal.

£ We have just completed the instruction of the subjects

% ard the celiection of the data; it has not yet been analyzed. |
i |
J
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. . /
Application of a Modified Gagne Type Model to
Computer-Assisted Aptitude Testing and
Instructional Branching

Harold Sands

Although twentieth century concern with individual differ-

ences has come to the fore in such modern developments as mental

testing, counseling and guidance, multi-tract curricula, ability

grouping, ungraded classrooms, perhaps ore of the most direct
attacks ecn the problem vis-a-vis instruction has come from the
recent arrival on the educational scene of computer-assisted in-
struction. The computer has been heraided for extending the
decision-making capabiiities of educators far beyond potentials
which have existed 1n the past; however, it is doubtful if we have
even pvegun to utilize these capabilities. Perhaps the most glar-
ing examples of this are in methods used for aptitude testing and
branching. It is ar old adage to ". . . start with a student
where he is . . . ." In instructional practice, use of the com-
puter has brought about few changes which realiy extend the ad-
vantages accrued beyond traditional aptitude and achievement
testingo‘uln instructional branching, where one might expect even
greater éhanges, progress has not been much better.

Although such variables as latency and error rate are
currently being explorad, the best current method ¢or branching

is based on programmers’ intuitive judgment. If a student makes

an errcr in responding, he is branched to other stimelus material

because in the judgment of the programmer, all students who have
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.
made that error need thkat particular change in their instruction. ’
Such approaches, while they are certainly an attempt in the di- {;
rection of individualizing instruction, have also been accomplished ~
b
through scrambled-book pregrams, and can hardly be said to be Lo
making full use of the decision-making capability which ed ca- {}

tors purportedly will soon have in computer-assisted instruction.
The recently initiated research described in this summary is

an aitempt to further erkance the individualizing capability of

=2

computer-assisted instruction by extending the testing and branch-

ing capabilities traditionally available.

E
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Theoretical Framework

LA

Gagné (1962) maintains that the acquisition of knowledge

i 2 P b

proceeds in a hierarchal fashion from lower level learning sets

&3

to higher level sets until mastery of the criterion is achieved.

Learning setc are conceived as specific behaviors which mediate

i

positive transfer to the next superordinate set in the hierarchy.

Eg

Theoreticaily, one cannot achieve mastery of the next higher

learning set unless he has mastered all sets subordinate to it.

Such hierarchy might be organized into blocks of learning sets

as shown in Fig. 5.1.

Theoretically, for example, a student cannot master Level 1

unless he has mastery of Sets A, B, and C of Level II and of their

subsets. 1In several studies, Gagné and his associates have been

\ A

able to demonstrate the existence of such hierarchies in the

/
teaching of mathematics. In one study (Gagne, Mayor, Garstens and

42t
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Paradise. 1962), a hierachy for the addition of integers was

identified. After the administration of a program, the acqui-

i< I S

sition of learning sets at successively higher stiges of the

hierarchy was found to be dependent upon prior mastery of sub-

t - :445

ordinate learning sets. Predictions of instances in accord

. —. Lo ._.‘,
. i 7 » 3
D S W L R

with predictions ranged from 97 to 100 per cent.. Confirmatory

results have been obtained in a study by Gagne and Paradise

it B N |

(1961) which was concerned with the class of tasks of solving
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linear aigebraic equations, and by Gagne and Basler (1962)

in which the task was that of specifying sets, intersections of

i imoerensems - -
s sarrraoms e ow e
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sets, and separations of sets, using points, lines and curves.
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' Fig. 5.1 Hypothetical model of knowledge hierarchy in which
lewer level learning sets mediate positive transfer to higher
level sets.

. l LEVEL III |SET 1 SET 2 SET 3 SET 4 SET 5 | SET 6




T T T T T T T T T T e e el ol et el e U S S —— e e e

2

«d
86
r
7 Ls
Implications of Gagne's Idea for
Computer-Assisted Aptitude Testing e
If this construct is correct, then it seems to be par- b

ticularly relevant to computer-assisted testing. 1If learning

is really hierarchial, and if tests are developed to measure

£33

performance of each set in the hierarchy, then tests could

be administered in a manner similar to the Stanford-Binet,

in which the highest set in the hierarcy for which the individual
had mastery was identified. If the test and hierarchy are

valid, it would not be necessary to test lower or higher sets

for which thé-individua] had mastery, since presumably, he

must have mastery of all subordinate sets and cannot have mastery

IR

of superordinate sets. It should be noted that such a test

requires the availability of test items for possibly hundreds

Bl D &l o I3

TR S T WA AT s e v w =
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of learning sets, an interpretation of student responses, and

& decision-making capability by the tester to cither test

g

further or to prescribe instruction. Such a test must be admin-

istered individually; therefore, it requires a live tester %
or an adequate substitute, perhaps a computer. The latter
is considerably more practical and is probably more accurate.

A student who is to learn mathematics could be seated at a

terminal and tested in order to identify his highest level

of learning set achievement. Instructional sequences or "tracts"

from which he could derive benefit could be made available

by a teacher; or if decision-making criteria had been programmed

into the system, instructional assignments could be made by

%
¥

the program of the computer.
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Impiications of Gagne's Idea for Branching
&
; The testing functions discussed thus far described a system

in which a student is tested and differentially placed into

=3

a teaching sequence which rebresents his highest level of learning

set achievement. Once placed into a sequence according to

N

past achievement, individual differences in the learning of

new hatéffal ﬁust also be accounted for. Whereas pre-testing

may allow for individual differences in past achievement, branching
allows for incdividual differsnces in learning abilities. Branch-

ing can, for convenience, be thought of as consisting of two

functions. First, a student is tested and his response is evalu-

ated. Secondly, the student is presented with stimulus material

which, on the basis of the test response, is optimal for him

A e

.

m

at that time. ithough other criteria are involved in maximizing

the advantage of such a student-tutor relationship, one of

v e

.the requirements is that there be a unit of identifiabie behavior "

to be tested and to which the student is to be branched. 1In the

R N

jargon of programmed instruction these have sometimes been re-

wr - ow
45

ferred to as "steps." 1In branching, it seems that learning sets =
could serve as the logical units of behavior for testing as a I
student progresses through a program and for branching intended :

to allow for individual differences in learning abilities. If a

student cannot master a particular learning set, there wouid,

§ theoretically be little advantage in advancing him to the next ; |
7, higher learning set. In fact, subordinate learning sets might be i

- tested until there was some assurance that the student has mastery

T

of all requisite sets.

T
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The Current Research L
The purpose ¢f this research is to investigate Gagné's {@
notion that higher mental processes are structured by learning
-

sets which are hierarchically ordered, and the full implications

of this idea for testing as well as branching in a computer -

(I

assisted instructional system. Actually, several modifications

have been made in the type of hierarchy identified and in methods {g
for arriving at it. The study has been divided into three phases: ;
M
; 1. The development of methods for analyzing subject <
% matter and identifying hierarchies of learning
; sets.

i}
i
i
{

2. The developmeﬁt of methods for testing and
identifying a student's level in a hierarchy
of learning sets.

i 3. The development of computer-assisted instruc-
tional materials which incorporate the appli-
cation of theoretical findings to a more highly
‘ developed system of individualized instruction
through branching and other teaching strategies
based on the methods of diagnostic testing de-
veloped and using sets in hierarchies as the
primary unit of learned behavior.

| The first phase which is reported here is concerned with the

% identification of a subject matter hierarchy. A hierarchy has
j been identified and is currently in the process of being validated.
3 The task selected was a simple one, to convert a number in one
base to its equivalent in another base. The remainder of this 8

paper is devoted to a description of how the hierarchy was de-

veloped and to a discussion of how such a hierarchy can be vali-

‘ ‘ \; dated. @
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The Hierarchy

£ M ET3

The procedure for analyzing the task (converting a number

from one base to its equivalent in another base) and identifyihg

£33

a ‘hypothesized hierarchy was slightly modified from that of

/
Gagne's; however, the hierarchy which results is somewhat differ-

ent, having two rather than one dimension, and consisting of con-
ceptual levels, each ef which contains the total components of
criterion behavior, but at different conceptual leveis. To
arrive at this type of nierarchy, the questions were asked of

the final criterion, "What does a person do when he performs

this task?" "Can what he does be described by dividing the final

task into two subsets?” If not two, then three and so on. These

' . .
S AU s A T T I A S

syt

latter sub-sets become Level 1I learning sets, and each of these

- N ekEme

was in turn divided into Level 1II sets, with the procedure con-

tinuing until five levels were identified. 1In all, the model

consists of approximately 30 learning sets. The first three

levels of this hierarchy are shown in Figure 5.2, and will he

used as a more specific example of how the hierarchy was formed.

Starting with Level I, the criterion performance, it was decided
that what a person does in making the conversion could be described
as consisting of two subordinate sets. These are the two sets
shown as Level Ii. Had the final Level I performance not been
divisibie by two, then successive divisicons of three, four and

so oh would have been tried until the leasi number of sets were

arrived at which were greater than one, but which completely de-

scribed the criterion performance. Each of the two sets at

Level II were subdivided fulliowing the same procedure.

T .
% S




T TS o e e o e e by

m e e s e S e e oA bt e o < e e P

e e e e

R L e ST X SF V.

e e e e oy Fe A —_ ——— —

90
II1.
I1.
1. Expands a number
i } ¥
—— 1. Converts a number - - |
1 to base *en !
L l Y
L. : 7
' 2. Simplifies an i
: expansion i
1. Convert g number ' |
+.. one base to i |
« Zquivalent <+ ] !
in another base : ! L
— - ! 3. Divides a place .
| |
| ten number up by ;
v . place values of
| ‘ another base
o
; 2. Converts a base t !
- ten number to - }
another base !
v
1
4. Rearranges the )
quotients of a
converted number
{ into correct
| sequence
i
!
!
Sequences Y

Learning Sets w——e——

Fig. 5.2. Partial hierarchy of learring sets for the
criterion performance of converting a number from one base to
its equivalent in another base.
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Learning sets II1I-1 and III-2, accerding tc the theory
of hierarchai learning, mediate positive transfer to set II-1.

Set I1I-1 and II-2 mediate transfer to 1-1. If any of the
subordinate learning sets are not mastered, then theoretirzily,
learning of the higher level set cannot occur. For example,
if an individual has not mastered levels ITi-3 and 11I-4, he
shou.d not be able to learn set [1-2.

A further examination of Fiqure 5.2 will reveal that as
one proceeds from the top set at each level downward, the sequence
of learning sets is the same sequence in which the criterion
benhavior must be performed. This is another modification of
the way in which Gagng organizes his hierarchies; however,
sin~e integration of subordinate sets plays such an important
role in his construct, it was felt that by organizing the sets
sequentially, the meaning of “integration" or the "putting
together" of subordinate ssts was made clearer. This assumes,
of course, that integration consists primariiy of selecting
or récalling relevant learning sets and of performing tnem
in a sequence appropriate to the given task. In cases where
the seqguence is arbitrary, the learning sets in question are
joined by boxes which are contiguous to each othevr, but none
occurred in the first three levels.

For purposes of this study, only the first four levels

which ccnsist of 15 learsing sets, are being used.
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Validation ef the Hierarchy ‘
| The hierarchy is in the process of being validzted, and ri
; data should be available for the next reportiny period. Sagng's -
é premise has implications for validity. Sets in the hierarchy L
; provide fairly specific behaviors against which test items can be [}
é compared. Secondly, if the test ig accurately measuring the
§ highest level of achievement in the hierarchy, then it should {E

be an easy matter to demonstrate that individuals who lack

A

mastery of a Yowe: set, lack mastery of higher sets. Finally,
the validity of such tests might be demonstrable on the basis of
showing a relationship between the measured level of learning

set attainment and conventional achievement scores taken at the

&3

end of a training period.
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An Instrument for the Measurement of Expressed
Attitude Toward Computer Assisted Instruction!

Bobby R. Brown

It is generally agreed that student attitude and motivation
are important variables in the traditional learning situation.
In the lecture method the student, it is often said, should
have a positive attitude toward the teacher and the subject
matter content as well, if optimal learning is to take place
(Bugelski, 1964). However, in programmsd instruction, and
especially automated instruction, such as computer-assisted
instruction (CAI}, there will be less direct contact between
teacher aad student. It seems important therefore to assess
the e7fects on learning of student attitude toward this kind
of instruction. The results of some previous investigations
seem to indicate that student attitude toward automated instruc-
tion may not be of much consequence reilative toc the amouﬁt
learned (Eigen and Feldhusen, 1964; Wodtke, Mitzei, and Brown,
1965; Wodtke, i1965). 1t may well be that the effects of student
attitude only show up over an extended period of time and that
these studies were too short-termed to give a true indication
of the effects of student attitude. One study which did report
significant changes in attitude was interestingly enough a

study of eight months' duration (Campbell and Chapman, 1965).

1

Developed while the author was on an IBM fellowship at
The Pennsylvania State University, with helpful advice from
Professor Robert Lathrop.
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| l
The studies cited above, however, have one thing in common: _
they all measured atiitude with experimenter-constructed tests 3;
of either unknown or unreported reliability. If anything defini- -
tive is to be said about student attitude and programmed instruc- L
tion, some effort must be put into developing better measuring j
instruments. This is a report of one effort to deveiop a more -
satisfactory measure of student attitude toward CAI, and a de- f
scription of the instrument in its present state of development. m
P
General Lescription and Statement of -
Intended Application of the Instrument M
The attitude instrument consists of forty items, each .
of which is a statement that could be made about CAI or about E}

oneself in relation to CAI, and each of which is to be responded
to by marking one of five choices on a Likert-type scale. The EE
response device was designed to be used for research purposes g}
only and was pianned specifically to be used in research in -
the CAI Laboratory at Penn State. S
The inventory was desigrned and preliminary data have been _
analyzed with the plzan to use the method of summated ratings E
to obtain one score of student attitude {(Edwards, 1957). The %
=

user should refrain from making statements on the basis of

responses to individual items in the test, and be aware that

s
34

the reliability of individual items will at best be quite low.

ETD

Also, because of the dirficulty encountered in interpreting a

3

o womsted

summated rating scor: wich reference to a neutral point or neutral

ge::—.—,ﬂ
}

5core, it becomes difficult to assign individuals to favorable or

"
g‘ s !
PTIA

23]
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unfavorable categovies. This difficulty is not encountered,

however, if one's research interest calls for measuring change

.

in attitude or for correlation measures.

(73

Sources of the Items

{: The items in the inventory (see Appendix C, p.121) came
. from three sources:
K
(o 1. Four items were taken from a student reaction
inventory previously developed by Dr. Hodtke
! at The Pennsylvania State University CAI Laboratory.
' These four items were reworded to make them
compatible with the five-point Likert-scale
- used in the present instrument.
L 2. Sixteen i1tems were based on comments previously

written by students who had been engaged in
CAI.

=3

3. Twenty items were based on the author's gb-
servation of students' reactions while they
were engaged in CAI and on students' comments
to the author during informal conversation
after they had been engaged in CAI.

&3 3

Hording of the Items

£

In order to add some protection against haphazard marking
of the items and to minimize the possible effects of response
set, some of the items were stated nenatively (i.e., were
statements of negative attitude toward CAIl), and some were
stated positively. Two statements ware incompiete until the
student marked his responses, and his responses determined *
whether the statements were negative or positive. One of
the incomplete or neu.ral statements was: "Concerning the

course material I took by CAI, my feeling toward the material

Ny @R W 7 M3 O oy
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§
before I came to CAI was: Very Favorablza, Favorable, Indifferent, -
Unfavorable, Very Unfavorabie.” {j
Unanimous agreement among six judges was obtained on the -
classification of items as negative or positive. The break- EJ
} down of the items as negative, positive, or neutral is given i
; £
é in Table 5.1.
l Table 5.1 ; {:
£ Listing, by Item Number, of Negative,
i Positive, and Neutral Items ;
| n
| Type Statement Item Number Total W
|
i i
g Negative 1, 3, 4, 6, 8, 10, 12, 13, 16, 17, i
; 19, 22, 23, 24, 26, 29, 30, 32, 34,
i 35, 36, 40 =22
E -u Ej
5 Positive 2, 5, 7, 8, 11, 14, 15, 18, 20, 21,
! 25, 31, 33, 37, 38, 39 =16
| Neutral or E
= 2

! Incomplete 27, 28

£

In order to make the students' choice of response more
compatible with the wording of the items, four different
labelings of the scale were used in the test. These are as
follows:

Strongly disagree, Disagree, Uncertain, Agree, Strongly
agree

2 3 o)

F11 the time, Most of the time, Some of the time, Only
occasionally, Never

[ oy ]

W L et W T ¢ Ay f i e T g s e P b ma ke = T e

quite dften, Often, Occasionally, Seldom, Very seldom

o

ave

Very favorable, Favorable, Indifferent, Unfavorable,
Very unfavorable.

w
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Subjects
The subjects used for the pilot administration reported

here were taken from an available group of students who had

received some instruction by CAI sometime during the three
previous terms at Penn State. Approximately twenty-five of
the students were from the local high school, thirty-one from
an introductofy educational psychology class, and twelve Penn
State students from an audiology class who were receiving
instruction on CAl as part of a course they were taking for
credit.

The students received their instruction in one of four
ceurses and two students received instruction on two courses.
It will be observed that the available group differed on at
least the following dimensions: age, amount of time on CAI,
educational level, whether or not they were taking the course
for cre@it, and length of the interval since they were on
CAI. From this group sixty-eight students were available.

The breakdown of student by course is given in Table 5.2.
Two students had both modern mathematics and physics but are

counted only in physics.

Administration

The CAI attitude inventory was mailed to each of the
students along with a letter and a self-addressed, stamped

envelope. Thirty-four forms were returnzd. The number and

percentage of returns ic givean by ciass 1n Tabie 5.2. Six forms
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were returned too late to be included in thig analysis, and
eight Torms were returned unopened because the students had
moved. Adjustment for these 14 untallied forms yields a total

return of 67 per cent.

Table 5.2

Description of Study Group as to Courses Taken,
Number and Percentage of Forms Sent Out,
and Number and Percentage of Forms Returned

No. sent % of total No. Z of total % returned
Course out sent out returned returned by class
Acphys. 23 33.8 17 50 73.9
Audiol. 12 17.6 1 2.9 8.3
Mod Math 1 18 26.5 11 32.4 61.1
RSMM 15 22.2 5 14.7 33.3
Totals 68 100. 0% 34 100.0 50.0%

Analysis of Data from Pilot Administration

Reliability. The 34 tests returned were scored and inter-

item correlations weve obtained. A principle-components factor
analysis and varimax rotation of the factor loading were performed
in order to determine whether there appeared to be strata of

items within the instrument. Six factors were extracted in

the factor analysis and their Eigen values are 12.4, 2.8, 2.7,
2.3, 2,2, and 2.1. This indicates that the first factor is
accounting for approximately 31 percent of the total variance

in the form and the remaining factors something less than
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_ 7 per cent of the variance for each factor. The internal consis-
J tency reliability of items was computed. This coefficient
[ was computed by the analysis of variance method. The coefficient
Lj obtained by this method is identical to the coefficjent obtained
; {3 by Kuder-Richardson Formuia 20 {Dick, 1965; Rabinowitz and
f = Eikeland, 1964). This coefficient was .885. The analysis of
: hj variance summary table for this estimate of reliability is pre-

sented in Table 5.3.

=

Tabie 5.3

L]

b e by e e e e ees e

Analysis of Variance Summary Table of Reliability

* Source . D.F. Sum of Squares Mean Squares
|
1 E Subjects 33. 238.36 7.2231
Items 39. 1072.58
i @ Residual 1287. 1067.87 0.8297
* g R= 1-0.83/ 7.223 = 0.885 d
) MS
i R=1. @
1 ] j
a Mean intraitem correlation = 0.162

Non-stratified reliability = 0.885

In addition, internai consistency coefficients were computed

Ry

using the factor loadings from the factor analysis to construct

= T YN eecmevonS ae ka SR Th G I T el - x e
;) Ak 2
i , RS

E strata of items. As set forth by Rabinowitz and Eikeland (1964),
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this method wi

11 give a better estimate of the reliability

of a test if there are clusters or strata of items in the test.

The coefficients given by this analysis are .859 if strata

are considered random and .89N if strata are considered fixed.

The analysis of variance summary table for these estimates

of reliability are presented in Table 5.4.

Table 5.4

Analysis of Variance Summary Table
of Reliability by Strata

Source B.F. Sum of Squares Mean Squares
Subjects 33. 238.36 7.2231
Strata 6. 17C.75
It/Strat 33 901.83
S XS 198. - 202.17 1.0211
Residial 1089, 865.70 0.7950
Total 1359.

Reliability Estimates
R = 1~ ( 1.021/ 7.223 ) = 0.859 Strata Random
R = 1-( 0.795/ 7.223 ) = 0.890 Strata Fixed

It should be observed that very little change in the
coefficients resulted when the stratified anaiysis was performed.
This result considered in connection with obtained Eigen values
of the factors on which the strata were based suggests two

possibilities: (1) the inventory may consist of one group
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of relatively homogeneous items, or (2) the fact that there

was a considerable interval between the students' experience
with CAI and the administration of the test may have resulted

in their expressing a generalized attitude toward CAI which
would prevent any meaningful factors showing up in the analysis.
Regardless of which of these possibilities has occurred, the
factors of items become rather meaningless and no attempt will
be made to deal further with the factors until additional data
are obtained.

In addition to the wvsual caution to be exercised in inter-
preting reliability coefficients, the nature of the availabie
group and the method of administration must be kept in mind.

It is quite possible that attitude toward CAI was a factor
related to whether or not students returned the form. The
reliability reported here might not have held up if data for
all students had been available.

Validity There 1s no statistical evidence of the validity
of this attitude inventory at the present time. Evidence ot
content validity is presented in this section.

The device appears to be measuring student attitude toward
CAI.. The items consist of pqssibie statements of attitude
toward aspects of CAI or comparative statements about CAI and
traditionaI'instruction.

The strongest argument presently available as to the valid-
ity of this form is that the items can be considered to have

a quasi-sampling or logical validity. The items were constructed
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from actual observed or written expressions of students' stated
attitudes about CAI. Because it was felt that an expression

of attitude toward CAI would involve little emotional or ego
involvement, the items were written to get at “expressed
"attitude” and no effort was made to get an indirect measure

of attitude. Inasmuch as the inventory was designed to measure
‘expressed attitude and because the items were constructed from
instances of actually expressed attitude§, it is felt that
evidence of more substance than mere face validity has been

presentrd fo. the scale.
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APPENDIX A

A.1 Students within Sequence Numbers, A1l Separate
A.2  Sequence Numbers within Students, A1l Separate
A.3  Students Separate, Sequence Numbers Pooled
A.4 Sequence Numbers Separate, Students Pooled

A.5 Statistical Summary Listing
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- Appendix A.1

==
3

Students Within Sequence Numbers, All Separate ?

..,..h
!

("

t

- COURSE NAME - Sigfigl00 AUTHOR - Tracy Logan $/20/66 - 11/12/66
»
- Student No. Sequence No. Attempts Mean Latency Sd _of Latency :
L3 586 AA~0010-018 2 79.53 71.057 i
X 589 AA-G010-018 2 86.30 26,121 |
M 590 AA-C010-018 2 83.95 79.309 :
I 595 AA-9010-018 1 65.03 0.000 i
615 AA-0010-018 2 49.28 17.748 i
. 618 AA-0010-018 1 13.33 0.000
g 628 AA-0010-018 2 38.43 31.190
g U 633 AA-0010-018 1 150.00 0.000 ;
634 AA-0010-018 2 65,24 19.184
[] 637 AA-0010-018 2 47.72 48,317
; 641 AA-0010-018 1 76.20 0. 000
047 AA-0010-018 3 75,32 48,671
A 662 AA-0010-018 1 137.75 0.000
[} 618 AA-0010-018 1 88.86 0.000
801 AA-0010-018 2 89.16 57.177
n 586 AA-0020-020 1 20.23 0.030
* 589 A£-0020-020 3 40.95 12.604 2
59¢ AA-0020-020 3 46.88 14.043 |
595 AA-0020-020 1 28.70 0.000
E} 615 AA-0020-020 1 24,10 0.000 |
618 AA-0060-020 2 25.98 1.803 4
! 628 AA-0020-020 3 26.19 15,128 1
L 633 AA-0020-020 3 41,18 17.450 e
634 AA-0020-020 4 44,24 15.942 3
m 637 AA-0020-020 1 79.27 0.000 :
L 641 AA-0020-020 1 51.90 0.000
647 AA-0020-020 1 89.60 0.900 |
662 AA-0020-020 1 26.87 0.000
E§ 801 AA-0620-020 2 27.97 11.646 !
586 AA-0040-020 1 63.72 0.000 —
- 589 AA-0040-020 1 96.85 " 0,000 ?
. = 590 AA-0040-020 1 75.58 0.000 1
§ = 595 AA-0046-020 1 71.14 0.000 -
615 AA-0046-020 1 50.16 0.000 ‘
618 AA-0040-020 1 21.24 0.000
628 AA-0040-G20 1 69.68 0.000
633 AA-0060-020 1 108.34 0.000
634 AA-0040-020 1 14.15 0.000
g 637 AA-0040-020 1 159.33 0.060
’ 641 AA-0040-020 1 133.68 0.000
[ 647 AA-0040-020 1 18.34 0.000
E 662 AA-0040-020 1 21.17 0.000
’ 801 AA-0040-020 1 38.38 0.050
, 586 AA-0050-030 1 118.38 0.000 :
i 589 AA-0050-030 1 46.82 0.000 1
;
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Sequence Numbers Within Students, All Separate

33

COURSE NAME - SigfigiO0  AUTHOR - Tracy Logan 9/20/66 - 11/12/66

(3

Student MNo, Sequence No. Attempts Mean Latency Sd of Latency

586 AA-0010-018 2 79.53 71,057 P
586 AA-0020-020 1 20,23 0.000 L
586 AA-0040-020 1 63.72 0.000

586 AA-0050-030 1 118,38 C.000 -
586 AA-0060-020 1 89.80 0.000 ¥
586 AA-0080-010 1 16.95 0.000

586 AA-0090-020 1 24,73 0,000 i
586 AA-0100-020 1 16.90 0.000 i
586 AA-0110-020 1 35.42 0.000 &
586 AA-0120-020 1 11.35 9.000

586 AA-0130~620 1 14.92 0.000

586 AA-0140-020 1 71,99 C.000 {} :
586 AA-0150-020 1 18.68 0.000 |
586 AA-0160-020 2 35.36 2.326 ]
586 AA-0160~229 1 16.13 0.000 {} i
586 AA-0180-010 1 220.28 0.000 i
586 AA-0180-030 1 20.75 0.000 '
586 AA-0200-020 1 39.65 6.000 Ej ]
586 AA-0210-020 1 13.13 0.000 :
586 A4-0230-610 2 14,34 0.375 1
586 AA-0240-020 1 26.62 0.000 I
586 AA-0250-090 2 19.54 10.062 £ i
586 AA-0300-020 1 16,89 0.000 f
586 AA-0310-020 1 12,40 0.000

586 AA-0330-040 1 28.64 0.000 [3
586 AA-0340-020 1 11.87 0.000 ;
586 AA-0350-020 1 8.29 0.000 {
586 AA-0360-020 1 18.60 0.000 53 |
586 AA-0410-100 1 5.30 0.000 B
586 AA-0420-020 1 20.21 0.000 ]
586 AA-0430-040 1 25.46 0.000 :
586 AA-0440-020 1 13.92 0.000 E} =
586 AA-0450-010 1 29,27 0.000

586 4A-0460-020 1 11.60 0.000 ,
586 AA-0470-020 2 37.60 12.127 E} :
586 AA-0470-030 1 40,82 0.000 4
586 AA-0510-020 1 29.06 0.000 ‘
586 AA-0530-020 1 7.80 0.000 o
586 AA-0530-100 1 88.85 0.000 B
586 AA-0531-200 1 9.88 0.000

586 AA-0531-250 1 11.55 0.000

586 AA-0531-340 1 56,72 0.000

586 44-0531-370 1 3.40 0.000

586 AA-0550-018 2 32.16 1C.479

586 AA-0560-020 1 66,12 0.000 Ez
586 AA-0610-010 2 59.62 19.375 5
586 AA-0610-019 1 21.28 0.000 "
589 AA-0010-018 2 86.30 26.121 B
589 AB-0020-020 3 40.95 12.604 ¥
589 AA-0040-020 1 96,85 0.000 [
589 AA-0050-030 1 46,82 0.000 §
589 AA-0060-320 1 15.88 0.000 3
589 AA-0050-010 1 24,38 0.000

|
!
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Appendix A.3

Students Separate, Sequence Numbers Pooled

COURSE NAME - SigfiglO0  AUTHOR ~ Tracy Logan 9/20/66 - 11/12/66

=

Student No. Attempts Mean Latency Sd of Latency Frequency

gl

586 54 35.64 5,110 52
¥ g 589 67 31,35 3.765 65
3 590 58 37.61 5.467 56
a 595 49 28.79 5.125 48
605 13 21,08 3.985 12
; ﬁ 615 45 21.93 2,645 43
; 618 60 23.42 3.768 58
; a 628 47 37.59 7.767 45
| - a 633 41 60.04 8.741 40
- 634 56 37.82 4,797 54
637 69 60.55 11.296 67
- 641 22 42,76 7.753 21
& 647 56 46.22 8.350 53

660 32 29.19 3.520 31

662 63 27.82 2.903 62
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Sequence Numbers Separate, Students Pooled

COURSE NAME - SigfiglQ0

Appendix A.4

AUTHOR -~ Tracy Logan

m

9/20/66 - 11/12/66

Sequence No, Attempts IMean Latency Sd of Latency Frequency
AA-0010-018 25 73,45 9.213 24
AA-0020-020 9 37,39 5.967 9
AA-0060-020 1 24,70 0.000 1
AA-0020-020 17 41,76 6,225 17
AA-0040-020 14 67.27 12.436 14
AA-0050-030 13 88.31 15.945. 13
AA-C060-020 5 31.02 14,193 5
AA-0080-010 23 27.29 3.456 23
AA-0090-020 14 26,06 4,563 14
AA-0060-020 8 47.27 7.598 8
AA-0100-020 14 27.19 9.157 14
AA-0110-020 16 74,85 44,695 16
AA-0120-020 20 18.03 2.624 20
AA-0130-020 14 12,52 1.368 14
AA-0140-020 14 56,34 9.364 14
AA-0150-020 14 50.80 23,753 14
AA-0160-020 18 45.18 6.908 17
AA-0160-229 14 26,67 5.751 14
AA-0180-010 14 157.7€ 26,482 14
A4-0180-03C 21 19.99 3.133 21
4A-0209-020 14 46,17 5.880 14
AA-0210-020 13 1.24 3.469 13
AA-0460-C20 1 18.02 0.000 1
AA-0410-280 1 114,81 0.000 1
AA-0210-020 2 11.91 0.297 2
AA-0230-010 21 29.24 4,397 20
AA-0240-020 26 34,66 9.533 26
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APPENDIX __ g5

New., faster teaching methods supplement. not supplant, the teacher

Computer-Assisted Instruction

for Technical Education

By David A. Gilman

Computer-Assisted I[nstruction Laboratory, Pennsylvania State University, University Pork

Reprinted from Noverher 1966 SCHOOL SHOP, Ann Arbor, Michigan

"‘.]' OCATIONAL EDUCATION faces
many problems, some of which are
due to the changing character of our
saciety. In certain areas of technology,
the rapidity of technical and scientific
advances has become sc great that it is
literally impossible to create curricu-
lums for vucational-technical education
that are nct obsolete by the time they are
taught in the schools. The extensive
training required for emplovment in
many technical occupations is imposing
a great burden on existing programs in
vocational and technical education. The
szvere shortage of curriculum experts
end teaching personnel has been a tra-
ditional problem throughout the national
scene. .

A research and development project
now under way at Pennsylvania State
University is attempting to solve these
and other problems in vocational-techni-
cal education. The purpose of the proj-
ect (supported in part by the Bureau of
Research, USOE) is to prepare course
material in the three core areas—tech-
nical mathematics, communications
skills, and engineering science—suitable
for youth and adults in the first two
years of post-high-school technical ed-
ucation. These materials are presented
to students at a typewriter terminal with
an audiovisual display unit controlled
by a computer.

What is Comput: r-Assisted Instruction?

Computer-assic ed instruction (CAI)
is, in reality, instruction prepared by
a human teachsr for presentation under

WITH PERMISSION

computer control. Experienced teachers
prepare materials for a teaching pro-
gram. The student receives instruction
by means of slides, tape messages, and
typed information, Then, questions and
probiems are typed and the student re-
sponds by typing an individualized an-
swer. The student’s responses to ques-
tions determine how the instruction will
progress. Students who do not fully

understand the material are branched
to remedial instruction, and thus avoid
repetition of old material.
Computer-assisted  instruction en-
atles each student to have a device
which provides private specialized tu-
toring. CAl has the potential to accele-
rate the learning process by avoiding
needless repetition of drill after the
student has mastered it. It can also be

This diagrom shows
schematically the
computer center and
its service arecs. The
instructor goes to the
computation  center,

WILLIMBMSPORT AREA. COMMUNITY COLLEGE

STURENT TERMINALS
w-ll.mspwf, Pa,

i/

types up a new pro-
gram, or revises an
old one, and it is

X3
STUDENT TERANALY ,,,'f
Univacxg“!ytggrk. &:/ /
A\A\AA

1L.B.M, 1410 COMPUTER

ready to be used by
students in the several
schools which are
hocked up to the v
center. The computer o
dascribed in this orti- /
cle con accommo-

date eight remote
teaching  terminals,
any five of which moy
operate ot same time.

0)
/g
£

STUDENT TERMINAIS
ALTOONA TENTER
Altooma, Pa,

S c/)emafig o%’w'@; Oc,af [gw}onmm‘

/ COMPUTATION CENTER
Unl\’mﬂy MQ %.
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Sample Program

PROGRAMING COURSES

The segment of the program on

Location Operation  Text the left was taken from a program
Code in trigonometry. The segment “eals

ib-600 rd with the law o¥ sines and the law of
ty The Low of Sines and The Low of Cosines cosines. Knowledge of these laws is

ty Tie trigonometric functions are used 1o solve right triongles. How. nacessary for the analysis of force

ever many triangles have no right angles. If o triangle has no right

S 3 03
. ) . . ' a
ongle, special rules are necded to find its sides ond ongles. veciors, for the determination of

velocity cor.panents, for findirg the

1 [ 2

that the student’s responses are evalu-
{  b:70?+c? - 20c coss ated against anticipated answers stored
in the memory of the computer. Since
the correct answers are stored in the
computer, the student cannot look up

‘er an in the
ib-630 qu You could find ony ongle by using the low of cosines if you knew the answer a .d he cannot proceed in th
Cides, program until he demonstrates that he

L?X/W%W understands the material.
/ Some programed texts contain

fn slide//20 i ' components of an alternating cur-
Slide 20 h€ Low of Sines ond the Low of Conines rent, and for other tasks required in
[LAW OF SINES] LAW OF COSINES technical occupations.
o . b _ ¢ Generol Form:
srA B SRC e used to diagnose a student’s problems
£-=Yo  +b" - 20bcasC : : :
and to provide appropriate remedial
Alternote Forms: tneasures.
0 Vb2 e 2 - 2he comt CAI differs from programed texts in
ﬁ
L J

&3 3

” - - . branching programs. These include mul-
s ora: wes L [ simi em aKe . . . . e

, sure that the concept is clear. After working several problems uple-chmce queStfons and instructions

i with 3 sides given, the student is given other unknowns. to turn to a certain page. CAl, as pres-

, ently developed av Penn State, does not

ib-640 {g slide//23 present alternatives to the student, but

rather requires that the student con-
struct his own response to each ques-
tion. The computer compares the stu.
dent’s response with a number of stored
possible answers. Correct answers are
b = 2m accepted, the student is provided with
encouragement, and is presented with
new instruction. When the student gives

Slide 23 PROBLEM

=28

A

O
{
-
*

(¢}
i I 60 an incorrect answer, the computer pre-

E B o = 3m - C sents a diagnostic comment and

branches the student to remedial ix-
ib-642 qu b= g: _ struction. -

Q C = &0degrees The computer can ke programed to
N, Find side c. present material on the basis of the
fn fim student’s response history or on the ba-

. co 2.5//2.7 sis of other reievant information, such

The limit function will accept all numbers greater than or as response time, scores on achievement

= equal to 2.5 less than 2.7. tests, error rate, or amount of time spent
ty Correct. The exact answer is 2.6 meters. on. m.s"ucnom Combinations of these

un Wrong. Are you using the low of Cosines this woy? criterions may also be used.

¢ = o® 4 b2 —20b Cos C CAI offers several potential improve-

= Type onother answer. . .

ments over the so-called teaching ma.
_Using hints, the author can guide the student who is having chines. Most teaching machines are
difficulty. merely mechanisms for the presentation

5 un 2= (3m)2 4+ (2m)2— (2 X 3m X 2m X .500) of programed texts. In most cases, these

22: 6.8m? devices are used to eliminate page turn-
" The ot e Em. Type 26m, ing or to eliminate the possibility that

The last “an” tells the stadent th i the student might omit some of the in-
. e last "un tells e student the correct answer. In this . . . .

way, the student who may not be able to find the square root StruCt.lon’ The lns.tru.ctlon .Whmh these
of 6.8 will still be able to proceed. machines presents is little different from

that presented in a programed text.
CAl, however. provides greater flexi-
bility in the presentation of matenal,
utilizes audiovisual techniques. evalu-

)] v "
aies stuucnl reapunses. neeps detaried
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records of the stud:nt’s progress, and in
a sense, tailors the instructios | sequence
to each student.

Advantages for Vocational Students

There are a nunber of reasons why
CAI may be advantageous for voca-
«onal students. [otentially, it permits
an efficient use of expensively and high-
ly trained teacheis. An instructor may

v .
Prrpate e otarown bl b ol
o the Lyt \1 2y studeals al s
"ri! !““ at. - [N SR NS BN ¥ SRS S

thtough a program prepared by an ex-

petiented teacher. A substantial increase

in the (1 o0

i’,k.“, w ) ! t- n:!»,’:,

wark {or the teacher.
Coriputer-assisted instruction makes

- E . .
P il le an acrelerall ooand individual

v ber orati, s

j;?ﬂ ot

ieation of instruction whick has often
been desired in educational theory, but
rarely achieved in practice. The com-
puter reacts to features of the student’s
performance, presents appropriate re-
medial instruction when a student is
not succeeding, and presents accelerated
material when a student is insufficiently
challenged.

Another factor which assists the stu-
dent is the gaming interaction between
the student and the machine. Here, the
role of the machine is that of an oppo-
nent with which the student interacts,
just as he interacts with problems in
iaboratories and real situations.

An instructor may update a curricu-
lum which has been programed for the
computer by merely typing the program
revisions at the typewriter terminal.

g

P S T S R X
y s R 4w Yt
e A S

L .
!
i

-~

'] ‘~ .

Students at the various teaching terminals progress at their own spaeds, receiving special, reme-
dial aid when necessary, or acceleration and enrichment if the situstion calls for it. This student
is receiving what Penn State researchers consider "tailored" instruction.

Often, 2 complete revision process may
be accomplished in one day.

t is not necessary that the instructor
be skilled in computer programing. A
simple programing language is used
which most persons can learn after a
few hours of instruction. The most im-
portant factor in preparing the course
material is that the student must be able
to comprehend it. The effectiveness of
the program depends on the eill..tive-
ness of the teacher who prepares it. It
is imperative that the instiuctor use a
carefully planned teaching strategy.

In fact, analysis of the data obtained
from students who have received in-

Pictured is a typical computer-controllad typewriter terminal and audiovisual unit to which the
student goes for instruction. Costs for operating the system include computer rental, terminal

rental, and telephone transmission charges.
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struction may be used to show the in-
structor ways to improve his program.
The teacher has an opporiunity to ob.
serve the strengtiis and weaknesses of
his presentation.

The computer we are using is a:» 1BM
1410. It can accommodate eight :emote
teaching terminals, any five of which
may operate simultaneously. Costs for
operating the system include computer
rental, terminal rentai, and telephone
transmission charges. Present costs are
high. However, larger systems accom-
modating upwards of 40 remote termi-
nals are possible if a larger computer is
used. It has been estimatzd that the
cost of operating such a system could
be less than one dollar per hour per
student.

How CAIl Will Serve Education

Since the terminals and audiovisual
1 nits are available commercially, it is
possible for any institution to use
courses programed for computer-assist-
ed instruction. The courses may be used
for supplemeuce! on-thejob training,
aduit retraining programs, and for pre-
senting curi.ni techniques and informa-
tioi to emply, es, as well as for instruc-
tion of students in technical institutes.

It is not anticipated that all courses,
or that any particuiar «arw, woul] be
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C.1  Student Attitude toward Computer-Assisted
Instruction
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C.2 Spelling Acaievement Test
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STUDENT ATTITUDE TOWARD CCMPUTER ASSISTED INSTRUCTION
COMMUNICATION SKILLS
This is upt a test of information; therefore, there is no one “right" answer to a
question. We are interested ia your opinion on each of th= statements below., Your
opinions will be strictly confidential. Do not hesitate to put down exactly how you

feel about each item. We are seeking information, not compliments; please be frank.

NAME: DATE

NAME OF COURSE

CIRCLE THE RESPONSE THAT ."OST NEARLY REPRESENTS YOUR REACTION TO EACH OF THE STATEMENTS
BELOW:

i. While taking Computer Assisted Ingstruction I felt challenged to do my best work.

. . . . .
» .

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

2. The material presented to me by Computer Assisted Imstruction caused me to feel that
no one really cared whether I learned or not.

. . [ 2 L4 [
L4 . .

Strengly Disagree Urcertain Agree Strongly
Disagree Agree

3. The method by which I weas told whether I had given a2 right or wrong answer became

monotonous.,
Strongly Disagree Uncertain Agree Strongly
Disagree Agree

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

L L4 * L4 [
L4 L] L4

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

5. I was not concerned when I missed a question because no one was watching me anvway.

Strongly Disagree Uncertain Agree Strengly
Disagree Agree

6. While taking Computer Assisted Iastruction I felt isolated and alone.

All the Most of Some of Only Never
time the time ) the time occasionally

[T ER




==

r 7. VWhile taking Computer Assisted-Instruction I felt as if semeone were engaged in
L conversation with me.
= : : : s :
P £11 the Most «f Some of Only Never !
= time the time the time occasicnally s
?ﬁ‘ 8. The responses to my answers seemed-appropriate.
:.!L_.j

: All the Most of Some of Only Never
[; time the time the time occasionally
—— 9. I felt uncertain as to my performance in the programmed course relative to the

§ performance of other,
.

B All the Most of Some of Only Never
[ 3 time the time the time occasionally
n 10. I found myself just trying to get through the material rather than trying to learnm.
B e [ 4 L . .

All the Most of Some of Only Never

[} time the time the time occasionally

11. I knew whether my answer was correct or not before I was told.

2

. - . . L3 .

Quite often Often Occasionally Seldom Very seldom

/|

I guessed at the answers to questions,

20
et
>

Quite often Often Occasionally Seldom Very seldom

2

13. In a situation where I am trying to learn something, it is important to me to know
where I stand relative to others.

€ Strongly Disagree Uncertain Agree Strongly
3 Disagree | Agree
14, I was encouraged by the responses given to my answars of questions.
F’
a! : S : : :
Strongly Disagree Uncertain Agree Strongiy
Disagree Agree

£

15. As a result of having studied some material by Computer Assisted Instruction, I ar
interested in trying to find out more about the subject matter,

i

€ e - [ . .
. *

Strongly Disagree Unceitain Agree Strongly
E§ - Disagree Agree

L . \
<. T e . o~
; N - ) N -
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70 16, In view of the time allowed for learning, I felt too much material was presented,

L 4 ® ® ®
3 [

Fe All the Most of Some of Only Never

L, time the time the time ozcasionally

r 17. 1 was more invelved in running the machine than in understandiug the material.

L : : : : :
All the Most of Some of Caly Never

3 time the time the time occasionally

:

18. I felt I could work at my own pace with Computer Assisted Instruction.

NS

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

E.g_.-l

19. Computer Assisted Instruction makes the learning too mechanical.

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

20. I felt as if I had a private tutor while on Computer Assisted Instruction.

70 I

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

| Weher

21l. I was aware of efforts to suit the material specifically to me.

Wi

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

oo

22, 1 found it difficult to concentrate on the course material because of the hardware.

Em‘_n

All the Most of ' Some of Only Never
time the time the cime occasionally

23. The Computer Assisted Instruction situation made me feel quite tense.

Strongly Disagree Uncertain Agree Strongly
Disagree . Agree

i S il B o |

24, Questions ‘ere asked which I felt were not relevant to the material presented.

All e Most of Some of Only Never
time the time the time occasionally

A
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gj 26,
L
ﬁ
- 27,
|
[] 28,
[
29,
l' 30.
S
]
32,
|
B
33.
34,

Computer Assisted Instruction is an inefficient use of the student's time.

° ° . [ °
. - o

Strongly Disagree Uncertain Agree Strongly
Dicagree Agree

I put in answers knowing they were wrong in order to get information from the machine.

Quite cften Oiten Occasionally Seldom Very Seldom

Concerning the course materizal I tock by Computer Assisted Insiruction, my feeling
toward the material before I came to Computer Assisted Instruction was:
Very Favorable Indifferent U'nfavorable Very
favorable unfavorable

Concerning the course material I took by Computer Assisted Instruction, my feeling
toward the material after I have been on Computer Assisted Instruction is:

Very Favorable Indifferent Unfavorable Very
favorable unfavorable

I was given answers but still did not understard the questicns.

Very often often Occasionally Seldom Very Seldom

While on Computer Assisted Instruction I encountered mechanical malfunctions.

Very often Often Occasionally Seldom Very Seldom

Computer Assisted Instruction made it possible for me to learn quickly.

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

I felt frustrated by the Computer Assisted Instruction situation.

° -~ [ ° (4
o o

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

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

Strongly Disagree Uncertain Apree Strong.y
Disagree : Agree

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

Strongly Disagree Uncertain Agree Strongly
Disagree Agree
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The Cowputer Assisted Inetruction approach is inflexible.

L4 t &
- L]

Strongly Disagree Uncertain Agree Strongly
Disagree ' Agree

Even otherwise interesting msterial would be boring when presented by Compter
Assisted Instruction.

[ [ d [ d L 3 [ d
L L] L

Strongly Disagree Uncertain Agree Strongly

Disugree Agree

In view of the effort I put into it, I was satisfied with what I learned wbile taking
Computer Ass'.sted Instruction,

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

In view of the amount I learne., I would say Computer Assisted Instruction is
superior to traditional instruction.

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

With a course such as I took by Computer Assisted Instruction, I would prefer
Computer Assisted Instruction to traditional instruction.

Strongly Disagree Uncertain Agree Strongly
Disagree Agree

I am not in favor of Computer Assisted Instruction because it is just another step
toward de-personalized instruction.

Strongiy Disagree Uncertain Agree Strongly
Disagree Agree

My typing training and experience has been:

Very xtensive Some Little Very
Extensive ~ Little

Typing experience is necessary in ordex to perform easily on the machine.

Strongly Disagree Uncer.ain Agree Strongly
Disagree Agree

1 think Computer Assisted Instructlion would be beat for learning:
Spelling Punctuation Grammar Report Vocabulary
Writing

T T
. - T
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44, How long do you feel you could work efficiently in computer guided instruction at
— one sitting? (circle one)

= Half hour 1 hour 1-1/2 hours 2 hours More than 2 hours
1 (Approx. how many hours )
-]

[ty

THIS SPACE 15 PROVIDED FOR ANY COMMENTS YOU CARE TO MAKE ABOUT COMPUTER ASSISTED INSTRUCTION.
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Appendiy C.2

Achiievement Test

Thirty-seven woras are pronounced by tape, used in sen-

tences, and pronounced again. The student then types the

word, At the conclusion of the test, the score i
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with an indication of the kinds of errors made. There is a

possibility of fifty errors in the following 37 words:

1. deceitful 19. bountiful

2. echoes 2. piece

3. dyeing . 21. can't

4. laboratory 22, access

5. two-thirds 23. compiement
6. quiet 24, wmatnematics
7. principie 25, theses

8. calendar 26. intercede
9. armies 27. angrily
10. prescribe 28. wvein

11. achieving 29, ‘they'll

12. derivative p 30. personal
13. self-improvement 31. invisible
14. formerly 32. thieves

15. capital 33. vrelies

16. privilege 34. temperature
17. knives 35. thirty-one
18. circunference 36. instance

37. grammar




