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Author's Abstract

Two types of redundancy, each having two levels, were employed at
each stage of a programed sequence of concept-learning tasks. These
tasks were purely iconic (i.e. non-verbal). One type of redundancy
involved amount of variation and repetition of exemplars; the other
. involved strength of feedback. The number of exemplars was ten for
each stage. The tasks were presented by a research assistant, who
simulated a graphic computer display. The stimuli involved two-dimen-
sional vectors, and Ss response was identification of a point in two-
space. Response was translated into a computer input by the RA, and
- the computer terminal gave S feedback as to correctness. Subsedquently,
the correct response was demonstrated graphically. Criteria were (a)
number of responses to reach two successive correct, during learning,
at each stage, (b) performance on immediate post-tests, and (c) per-
formance on a delayed (six month) post-test. Students in the fourth,
fifth, and sixth zrades of local scnools were the subjects. Some
minor differences were noted during learning, particularly in re-
spect to time requirzd to respond: latency, however, was not re-
corded objectively. Iio significant differences were noted on imme-
diate post-tests. Delayed post-test data suggest an optimal level
for both types of redundancy, also an interaction, which in tTurn
suggests existence of an optimal combination of the two.
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Introduction

Inductive or discovery teaching is an accepted stratezy. Teaching
through purely iconic (nca-verbal) tasks is not as well inown. but basic
research in concept learning has demonstrated its feasibility in the labor-

atory, and this project demonstrates its practicability in a school setting.

Whether one teaches purely by example, or by rule followed by examples,
one faces a decision as to how much variety to present the student. He also
faces the problem of how much information to give him about his "solution"
or way of finding the answer. This study explores both of these variables.
Theoretically, they are both forms of redundancy, i.e. the degree of ofder and

- simplicity usea iﬁ the teaching tasks. They can also be seen as degrees of
guidance, i.e. the more repetﬂdion and the more information given the learner -

about his response, the morej guidance he has received.
*»

This project also explores the use of a computer in storing data con-
cerning responses, in presenting feedbsck to the learner, and in. interpreting
a non-verbal response (identification of a pcint in space). The graphic
equipnment needed for the latter was difficult to locate: a research assistant
simulated this potential computer function, while a search for appropfiate
hardware was conducted. The simple reguirement (interactive processing of a

position-in-space response) turned out to have major ramifications.

Research on discovery learning suggests that it has advantages for trarns-

fer. The post-tests in this study included problems requiring transfer. Stugiéghﬁ\s

N \\
by Brant and Berg, Morrisett and Hovland, and Kendler, and Vineberg have indi-
cated that varying the number of consecutive confirmations given before transfer

will have significant effects on transfer: here, variation involves the numter

)
AI{I(f different tasks confirmed, rather than the number of confirmations per se,
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Procedure: Wordless, iccnic tasks were presented on 8% by 11 paper, calling

for S to identify a point on the paper as the "answer', i.e. the final position o
of a point which is translated by the arrow (the twﬁ dimensicnal vector). (See | | K;
Figure 1.) As the sequence progresses, with ten éxamples (tasks) at each stage,

S discovers vecter add;;ion, inverse, and scalar multiples,. 'This is translated

into addition of directed numbers.

The ten tasks at each stage aréApresented in two ways, i.e. as five
repetitions of two different examples of the task,‘or two repetitions of
five different examples. These are the two levels of variation. At the same
time, there are two levels of feedback: in one, the final point is indicated
to S on a facsimile of the original task sheet; in the othef, the final point
is supplemented by a dotted path indicating the manner in which the point moved
according to the vector given. (See Figure 2) Tasks are illustrated in the

Aprendices, also the nature of the feedback from the computer.

4

The original plan was to present the task via graphic display, and have
a computer evaluate the response and give feedback. Due tc difficulties in
obtaining the necessary instrumentation, a research assistant substituted for
the graphic display. The student indicated a point on the answer sheet, and’
the assistant fed this information into the computer using a numerical code. C .
The computer the printed (for the S) the words "right on", or "close", or

"Wa.y Off" o

This was ddne(so that (a) a completely computerized self-instructional
approach zould be simulated and explored and (b) the data could be stored in
the computer memory for future retrieval for data processing. The key capa-
bility needed with a graphic display is one where the S can point to & point on
the display and have the computer interpret this as correct, nearly correct, or

l:R\,Clcorrect and then feed that information back to the S verbally (via print-out

Aruitoxt provided by Eic:
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After a group of Sz had been processed, the learning seguence was re-
vised on the bvasis of the results, by dronping some stages and adding otners.
As a_result, the numver of stages was reducedvin'number and changed gquali-
tatively in slight ways as the re;earch progressed. (The same treatments were
involved throughout however.) This process represents a synthesis of experi-

mental design, on the one hand, and experizental analysis on the other, both

with the objective of Improving teaching/learning systems in the schools.

While this procedure went on, there was also a search for an inexpensive
graphic capability, i.e. touch-~sensitive -and interactive. Some outcomes of

this search are reported in the Aprendices.

Subjects: Subjects were fourth, fifih, and sixth graders in local elementary

i

schools. Some were in "project centered" classrooms, others in "traditional"
classrooms. In some cases, the subjects woriied on the materials wia a computer
terminal installed in the classrooms: in other cases they were driven to the
University. Some subjects were participants in a special summer scnool in a

neighboring town: the terminal was. instzlled in a vacant room in that school.

Results: (a) Learning cata were reccrded for sach subject for each stage
under each treatment. They generally supported an all-or-nothing view of

the learning process. (Excerpts are given in the Appendices.)

(b) 1In the learning process and on the immediate post-test there were
no statistically significant differences tetween the two levels of variation:
what differences there were generally favored the treatment where only two

different tasks were given and were repeated five times each.

Q (e) 1In the learning process and on the immediate post-test there were no

RIC
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statistically significant differences favoring strong feedbacl: over weai
feedback, but the strong feedback seemed to make initial learning éasier.
Once the Ss became accustomed to receiving no verbal guidance during the

task, they began to loo to the feedback (the correct answer) for guidance.

(@) The delayed post-test was given in November of the next school yeaf.
This was five months after the last S had completed the learning program and
post-test, except for the summer school students for whom it wasz about four
months. The data from the delayed post-test, Table 1, suggest an interaction.
Only one of the differences shows significance via t-test, that being wz/se
(i.e. weak feedback vs. strong at the two-different-example level). S5/52
(i.e. strong feedbvack at five and two different examples) aporoacnes statistical
significance at the .05 ievel. Since voth strength of feedback and amount of
variation of examples are forms of redundancy, the implication is that there
is an optimal redundancy level which can be approached in more than one way.
Whether W5 is really "err the hump,”" i.e. represents too little Eg&g;;redun-

dancy for effective learning, is a matter of conjecture.

Conclusions: These‘results suggest that strength of feedback and amount of
variation are educationally significant in the deéign of inductive instructional
sequences. Since ?oth are types of guidance, this replicates previous investi-
gations regarding guidance and discovery. These results also suzgest, although
wea'ly, that there is an interaction between the two forms of redundancy, and
that simultaneous reduction of both tyves (increased variation, wealer feedback)
places too great a load on the learner - thus reversing the delayed-post-test
advantage of each one individually.

Secondary outcomes of this study include support for the efficacy of non-

\‘1‘ .
FR]Crdal instructional processes (i.e. without words, or "non-verbal"), and
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TABLE 1

Results; Delayed Poét-Test

Two different examples Five different examples

five times each two times each
: .
Strong X =1.65 X = 3.35
Feedback 6 =1.32 6 =2.35
N =16 N = i0
2 | s5
— We W2
Weak X = 3.14 X =2.8
Feedback 6 =1.82 6.=2.18
N =14 N =17




TAEBLE 2

mean correct3
on delayed

post~test

Strong Weak

QO Five different examples.
A\ Two different examples.




demonstrate a need for a graphic computer display which interprets spatially-
oriented responses, as a vehicle for teaching and learning concepts and

processes which can be modelled iconically.

One subjective conclusion on the part of the research assistant wsas that
the weak-feedback group took longer to respond. However, the learning data
do not indicate that they rade more errcrs, or took longei to come to the

correct answver.

An&%her subjective conclusion on the part of the research assistant vwas
that the students learned how to learn, i.e. they became much more at ease
with and effective at the strategy of using the answer to one task to give
them clues as té.the'answer to the next. Thus they learned to be mo?e ayare

of feedback and tp be quicker to utilize it. Replications should explore

"

this possibility.

Discussion: This experiwent indicates that immediate results do not necessarily

ot T

indicave tpe pover of an instructional process, and suggests. that a given
instructionallgpoblem may have an optimal solutibn, given parameters related

. o mode, léarning strategy, . and such. Its major siénif;éénce, hiwever, lies
in the attention to variables which, while eminently practical,.ha§e not been
investigcated experimentally to a degree commensurate with their importance.
The amount of variety given a student in his homework, for example, evidently
has some bearing on his understanding in terms of transfer and retention over
a period of time: +the same goes for the type of feedback. Whether the
delayed effect found here is important in everyday school learning, -where
material learned may be processed a number of times in the course of subsequent
lessons, is not at all clear. Also, the effects of varying the number of tasks

QO each stage are not clear. Thus, additional investigation is called for in




relation to two questions: (a) does the absolute number of tasks given have
a significant effect on learning, transfer, and retentiom; (b) do repetitiecn
and feedback effects have significance in situations where the concepis and

processes are used immediately and regularly after the initial learning, as

in many aspects of matheratics?
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APPENDIX A

CHRONOLOGICAL REPORT OF PROCEDURES AND RESULTS

[




LFARNING DIFFICULTY IN MATHEMATICS RESEARCH

The purpose of the Lea;ning Difficulty in Mathematics Research is
to teach an algebraic conc-yt (that of vectors) to children at the elemen-
tary school level, This concept will be for use on a computer so that the
child will be able to learn the concept without the assistance of an instruc-
tor. This will be beneficial in that 1) a child can work by himself and go
aheéd at his own pace 2) childrén interested in this field or children who
have a better than average intelligence will not become bored because fhey
can advance in the field of mathematics farther than they normally wouls é;
able to, although the program is for almost everyone (explained later), these
students are the ones usually held back by the system, 3) working without
the teacher allows the child to work without the very common bias against
mathematics that appears in many elegéntary school teachers and can be
related to the childre; so that they too will have a dislike of mathematics.

The students being used in this research are from the Oyster River
Elementary School in Purham, New Hampshire. At this time, the three classes
of the fourth, fifth, and sixth grades that are considered Project Centered
Classes are being used. Eventually the other fourth, fifth, and sixth grades
at the Oyster River School will be utilized also. Four college students were
put through the first three groups plus group 99-to give ﬁractice to the
Research Assisfant doing the experiments. All four rollege students did well
in group 99 (all groups will be explained later) but.could not do groups 1, 2,
or 3. Because only four college students were used nothing has essentially been
proven bﬁt it might be postuliﬁégizaﬁt college students perhaps already have
too much knowledge to do these simple tasks. Because of their knowledge they

complicate the task and try to find "more in it than is there." It might bte

E[{i(erSting to laterfollow up this line of thought and to test the postulate.
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Sixty-two students have been put through the first two parts of the _
program (gone through group 7).

25 of the students are fourth graders
20 of the students are fifth graders
17 of the students are sixth graders.

All of the students understand the concepts given to them.up'to this
pdiﬁt and the findings on their results will be reported later. If the
students could not understand tﬁe concept, it was taught to thex By the
Research Assistant.

There were few extreme learning problems. Only those students who
wanted to participate in the program did. One fifth grade girl, who has
gone through group 7, still does not understand the concep?s that were
taught. She considered it cheating to be told how to do the work and would
not cooperate even when the Research Assistant told her that other children
needed to have it explained to them also. It is questionable .as to whether the
girl will continue with the program or not. A fifth grade boy broke down and
cried when he could not get the answers even though it was explained to him
that no one at that time was doing very well, that the program was not a
test and if he got answers wrong it was the fault of the program beéause it
ha? ot yeﬁ been pgrfected. He was also told that even college students had
done poorly in the program. The boy remaiﬂég uoset and continued to say that
it was "unfair." This boy'did fine the second time that he was seen, but this
time his success rate in the program greatly improved also. Some students
giggled (nervous? or just having fun?), otners took the program very seriously
and would stare and study the problems and answers diligently, and others were
very carefree apout their work and would just as soon have the Research Assistant
tell them how to do the problems. One problem that occurred frequently had to

O more with the children's learning style than the program. To begin the
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program the Research Assistant sits beside the student and turns the pages of
problems and answers, explains the use of the computer, and how the program
works. The students feel that the Research Assistant sits beside the student
and turns the pages of problems and answers, explains the use of the computer,
and how the program works. The students feel that the Research Assistant is
there to help them when they "get stuck” and the Research Assistant has to

" constantly tell the student that she cannot tell them anything other than
their basic instruction: and that they must "figure out" how to do the
problems by looking at the answers and using that to do the next problem.
Students are accustomed to asking how to do something and getting an answer
from a teacher instead of figuring it out for themselves. This would appear
to be the explanation of the problem. Eventually when the Research Assistant
does not have to stay with the studernt all the time, the student will hot

~ look to someone else as a crutch. The students can and will have to bte

able to do the program without the help of an adult (except perhaps in the
basic explanation) or the program is not good. Because the student can
continue andhéo the problems by himself (after being reminded by the Research
Assistant that this is the waylhé must do the work) even at this point in the
program, it is conceivable that he wili have no problems later on doing the

program when a Research Assistant is not available.

Work at Morrill Hall: About 50 students were worked'with for the first
time with the terminal in-the Education Department in Morrill Hall. The
Research Assistant would pick up the children (with a University car) at the
s~hool and return them. (9:00 - 10:30 AM and 1:00 - 2:30 PM) This was
usually the time schedule that was kept. Moﬁday, Wednesday and Friday
mornings and Monday and Friday afternoons were the usual days. The Research
Assistant averéged tpree students during each of these sessions. Permission

Qo :
FER|Cps were brought home and signed by the parents of the children wishing to
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participate in the program. The children who came to the University for the
program were treated to an ice cream cone after they finished the program as
a "reinforcer." Because only one student could participate in the program
at a time, the other two students were tolad they could roam the building,
write on the blackbcards in vacaht classrooms, but please do not bother
anyone or be exceptionally noisy. There were never any problems with any of
the students. They loved meeting ERIC (Educational Research Information
Center), the title given to the terminal. Thé idea of a terminal having a
name was refreshing to them. The use of the terminal was no problem to any
of the students. They have a basic description of the terminal, Why'thé phcne
is hooked up to it (éonnecting the terminal with the main computer in Kingsbury
Hall), and what keys they will have to use. When the terminal says "READY?,"
the student has. tc answer by pushing the "Y" that stands for YES. Several
of the studenés figured out that they could press the "N" (for NO) and the
terminal will ack again if the student is ready. Also many students figured
out that if they press another letter other than either "Y" or "N" the
terminal will tell them that they have made an errdr and must repeat that
line. Other students figured out that if they wrote anything else after

the "¥" or "N" the computer would still accept their answer and disregard
everything else so they enjoyed themselves by writing trivia and having it
come out on their papers. Most b thé‘students also realized that after

they pointed to an answer on theif problem that by tlie Research Assistants
pressingeitrer #1, #2, or #3 was the reason that they were getting their
answers. They~determined quite rapidly that #1 referred to the answer "RIGHT
ON!", #2 referred to the answer "QUITE CLOSE" end #3 referred to the answer
"TOO0 FAR OUT". Those who did not figure this out were usually told by others

who had deduced this information. All except perhaps two students were

O
ER]C:eited about being aole to keep the paper (with their answers on it) that
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came out of the terminal. Even if rany of their answers were "TOO FAR OUT",
this did net seem to maske any difference. Working with the students at
Morrill Hall was very effective but very siow in that transportation took
up much time. Also the children were being taken away from their classrooms
for hélf a day (which, of course, the students did not mind).

_QOyster ﬁiver Elementary School: The program moved into the Oyster
River Elementary School when a Portable Terminal was borrowed from
Academic Computing on campus, Threé telephbne”jécks were installed in the
three classrooms to be used for the program. The telephone used is only
& University phone (red line) and remains in the office when mnot in use.
A University car is still used to transport the terminal from the Academic
Computing Gffice to the Oyster River School and approximately the same times
were kept as before. There was no problem in setting up the terminal in the
classrooms after the initial newness of the terminal wore off. In each
class, there is a specific area to ve used for the terminal and after moving
a few desks and chairs it is set up aquite easily. The students nhad to be
told several times that only one rerson at a time was to be in the terminal
area and if they had not done the program they could not watch the others do
it. It was much more efficient to administer the program to the children
right in their classrooms. The students were only taken away from their
studies for approximately 15 to 20 minutes. %Tootsie Roll Pops were given
to each student after he worked on the program as the "reinforcer". There
were a few comments abut not getting ice cream cones but it was explained to
them that only the students who volunteered to go to the University received
them énd that, of course, it was impossible for the Research Assistant to
bring ice cream cones to the school; therefore, the lollypops were being used.
This was accepted by the students. After several weeks of work at the Oyster

O rer School, the Academic Computing Cffice stated that the program would have




to get its own terminal because their terminal coﬁld not be utilized as much
by one user. For several days, the research continued with the use of a t.v.
terminal that was lent to Academic Cormputing and could be used by the Learning
Difficulties in Mathematics Research in the morning. This terminal is much
lighter than the portable terminal vreviously being used. It was hooked into
thewschools's télevision and worked very well. The students were exci@ed about
the use of a different type of terminal but were disappointed that they would
not have paper (with their answers) to keep and that everyone could see if
they gat their answers right or not. This terminal was used the week prior
to the student's weeks vacation (Feb. 21-25) and was not available after
their vacation.

The terminals used at present are the 360 terminal at the Education
Department, a protable termiﬁal (portoCom), and a television terminal. At
this time in the research, it is not absolutely necessary to use a computer.
By utilizing the computer the program 1) is getting the students used to using
a machine while they work 2) experimenting with the type of'problems it will
be netessary for the computer to contend with, and 3) the cormuter is also
a great reinforcer for the children. The students love working with a machine
and are fascinated by the work it can do. They are constantly asking questions
like: ¥%nere Jo=as the televhone go te? Can you call anyvhere on the Phone? Can
the computer tell me how old I am? How does the computer always know the
correct time?, and How is ERIC feeling? They enjoy.personifying the computer

terminal and actually treat it more like-a friend than a machine.




EXPLANATION OF GROUPS

The prograu is made up of groups that are units of tasks
.similar in nature.. For the most part each group contains ten tasks
altnougn tnis is not a set number. The groups are developed as
the program progresses and the students.becowe ready to
advance.. At the present time there are twenty groups and explanation
and discription of each will follow. It must be rememberéd that
the number of the group does not necessarily mean anythlng btut is
used as a mame:-or title:for the group..
Group 92: This group is a prerequisite for the program; in that
i1f a student cannot do a2ny of the work in thls..group,. than he-is:
not perceptually capable:of doing the rest of the'program which does.
take a certain amount of leurning maturity to couplete..
Tasis:1-3 have the following directions: ‘Which two of
these lines has somecning in common:

(a)  (b) (c)

/

answer: (b) and (e)

reason: ejuality of length

Tasks .4-8 have the same directions as the above tasks..

() (b) (e)

Y

answer: (a) and (c)

reason: directions are the sanme.
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Tasks:7-9 have the following directions: Vhich
dot in ‘the rignt hand box.is in the zame:

relative position as the dot in the left

hand box:
V’ ) .Z )
°A (é'— * 7/
%

> { )

answer: dot F o

Groups 1 and 2: These two groups utilize the same tasks. The:
task 1s to point to a place on the page that wouid_construct a
vectof;equal in length and direction as the vector alfeady on thé
page.starting with the open dot (0) that is also already on the page.
Examples h

Problem: Answer:

O
o

There 1s also a Group la and Group 2a.. These groups consist of the
same task but have a strong feedcack represénted by dotted wectors..
Example:

Problem: Answer:




~Lo-

Group 3: The task of the group i1s to add two vectors alsezdy
on the page starting with the open dot and arrive at a correct
point equal to the sum of (and in the same direction as) the two

vectors aleeady mentioned.

Example:
Problem: Afhswer:
o ®
]
Group 3a: This group has the same tasks as gpoup 3 but with strong
feedback
Example:
Problem: Answer:

/\ T~

o o]

Group 4: This group ls:the same a s Group 3 except.it only contains
4 tasks.. This group was used to determine whether the students
retained the knowledge of the task of Group 3 after a short Iinterium
of a few weeks..

Group S and Group ©:.Botan of tnese groups utilize the same tasks.
The task is to add two vectors that are in the same direction starting
at the open dot aund thne answer 1s :a point egual to the length of
the two vectors and in the same direction.

Exawmple:

Problem:

/ ] Answer7\‘/4\.
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Group Sa and Group Ba: These groups nhave the same tasks as groups
5 and.€ except with strong feedback.

Exawple:
- . Problem: - - Anéwer: : ‘%P

/7 /4N

Group 7, Group'8, and Group 9: These thrze groups utlilize the
same task. ©Shown as the problem are two vecbors;df various lengths.
but going in opnosite directions and an open dct to be used as:
a starting point.. The student muset ppint'ﬁc a place that_is.found
by adding the 2 vectors and using théifﬂgi;;ction..
Bxample:

Problem: Answer:

/s /o -

[ - J

Group 7a, Group Ba, Group 2a: These three groups -have the same- tasks:
as the above groups except a strong feedback is used..
Example:

Problen: Answer:

N
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Group 10: The task of this grcup is shown in the problem as
~+a .labeled vector wilth the open dot and closed dot representing a
vector of tne same lengtih and direction as tihe labeled vector., The

" student mwuet label thls second vector the same as tine first.

Example:
Problem: Answer:
=2 L P
a .
-
S—— %
£ ° o

Group 10a: Tils group has the same task as the above group only it
has strong feedback.
Example:

.Problem: Answer:

> | | N
&~ —_— ' //jgé ' /!' -
_ / O
| @) -

Group ll: The task for this group 1s for the student to detérmine
what label should be given for tihe distance depicted by the open and
closed cdots saown in tiie problem. The student must state that toe

two vectors sihown on thepage are added to determine the answer.

Example:
-2 Problem: . Answer:
S > ’ o 1? ~
A I
® -

? : .
— . - -
- o %S

©r2+2)



Group lla: This group consista.of strong feedback for the task showm

in Group 11l.

Example:
Problem: _ ARsWeIy
= S s N
r ,.
: ;
-B :
:\ - B "I\ ' _———
N -9-49)0
) \
o ) ox
A
Group 12: The task for this group 1s for tae student to choose
among three vectors on the page and determine wiaich two, when added,
depict the distance shown by the open and closedldots.
Example:
> Problem: Answer:
, > . _
. \:- 1 2
4 4 & -»
S &‘ z-\-z
' : camr— -5 -
© e Cov-z-\-)t)
Group l2a: This group consista of strong feedback for the task
shown in Group 12.
Examples
Problem: ‘ Answer:
- 9 T
ALY s LT
z , | : 3
SV
B \ A
® | e - 9
© . F-Je. 513
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Group 13: The task of this group is a i multiple chwilce answer

shown by the problem of haviag three labeled vectors, an open dot and

a closed dot on the page. The tasx 1is to determine widch two

vectors when added togetier zive tihe answer represented by the ogpen

and closed dots. Tine student must choose two answers. ' .

(yes, o)

Example:
Problem: ‘ Answer:
-5 o
Q.T %.; ® ‘ZT e ©
=5
b - -é?
av*k ‘—( ey NO) . z*b | am— GC"" hd)
~. - - 1%5% - 3
o b+¢- -——-(yes, ho) ’bi_c. ’ (yes} m)
z 0 i)
+& —— (yesne) XLV (yes, no)
T 2o 7%
v— C);es,m) Qe }2—'). Cyes nc)
Eﬁ-E ( - b ALY
5YS=—Lyes,n) €+b o (yes,ne)
byl g
- —-(y“aﬂo) Bya —— ye.s,né)
Group l3a: This is actwally part of Group.13. The last five tasks
in Group 13 have strong feedback.
Dxamples
problem: " Answer:
-2 D g
SV S V.
2T i
- | - g
b | o £
‘ '
9 V7 2P
(o ;’.'\'\0 -_.(\les‘no) e 0.*3 — (7”1“9
?*? —— (Y'fs "0) . :g*s) sssemsnnc C?Qslnﬁ
TR e ’ Csa yﬁ»‘?— (yes ne
?1?? (yes,no -a*\? o es) %5
By LYo 2 I Lo
ERIC BR P I%m) B4R pesire)

——————— YC%}}Q )
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Group 14 and CGroup 15: Thess two groups utilize the same
tasks. There is one labeled vector represented in the problem, an
open dot, and a closed dot. The student must determine hnow many
of the labeled vectors does 1t take to make the distunce represented
by tne open and closed dots. .
Exahﬁle:

problems: @ - Afswer: &

- :
c/{ 9 o |

e, > 9 <
' OF — / Z*Q—"('Q. o 3

S | -

=

Group l4a and Grbup 15a: Theseﬁg}oups consists of the same tasks as
above but have strong feedback.

Example:

L
_ d

Group 18 and Group 17: These two groups utilize tlie same tasis.

Problems: _ Answer:
' & —%B
’

4 labeled vector and an open and clesed dot are shown on each vaze.
The student must name tne new vector represented by the open and

¢losed dot,

Example:
Proovlem: ' - Answers
7 X
X & P
/ ->
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Group 1l6a and Grou l7a: Tnese groups consist of the same task as
Group 16 and Group 17 but have strong feedbucxk.
Example:s
Problem: Answer:

2T ° _?7\ ? 3

{ ==
' S —

® &
Group laland Group 1l9: These two groups utiliz e the same task.
A labeled vector and an open and closed dot are shovm on each page.
The student must deterwine tie number of vectors needed to fill tiae
space represented by the open aud closed dots. All of tihe spaces
are In a negative direction.
- ’ Example:
Problem: Answer:
ji. o - |
/’ 7 o
® o -.-?L.‘\' ‘Z. ox -Qz
.' p

OE————

Group 1l8a and Grouwn l9%a: Tihese zgroups conslist of the sawe tusk as
Group 18 awud Group 19 but nave strong feedb=ck.
Example:

 problem: : ' Answer:

| 2
?'/ o) / _L:',O
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Group 20: This group's task utilizes a grid that is made by
using the Jirection and distance of tne two labeled vectors given
on the page. The student must label the spacé represented by the
open and closed dots. -

Example:

Y )( Problem: Answer:
".; ’ :;.v d / ':". . ‘ :"‘1 \
~__.. . Y ".\.‘ ) ) \ . Y
N \ <

‘ \

Group 20a: Tuis 5rouu uses

Exanmple:

Problem:




GROUFS ABEREVIATED

.. This page showsche tasks {(by crample with strong feedback) of the groups
pag Y T g g T

If a group is not unwerstood clearly go back and look at the compdizte explanation
on pages 8 - 17.

GROUPS o and 2:
Problem

/e

GROUPS 3 and b:

) Groups 12:

-; Problem: | A1 S . :,
M A

®
o

: l/Groups:lB:
Vv

r————

Problen: Answer: 7 Prgblem: ‘z Answer"ﬂ‘

: !

o i/T L? -11\7\2 A7
7 © P T © atb —{espo) \1 & avb yes (yesuad
\ } é . T O yes, o bt — ( 3w
\ vde 's"m eta, — (yeswo
b=l bia. Y5 Cyes, vy
St h T eto Cyes,w
Cyes me) yes,m)
Groups 5 and 6: Groups 14 and 15: &t — (s
Problem: Answer: Problems: Answer: : f

Y4

’? .
P
6"‘ |

2

Yirmisnuia

R -\ S 4 &t ov 15
s o——
o '
- e b
, Groups 7, 8, and 9: Groups 16 ans 17:
' Problem: Answer: ‘ Problem: Answer:
/ » ? ° ? —_x?
. lz ,k - - ———
.. é .
Group 10: Groups 18 and 19:
Problem: Answver: Pr%blem: Answer:
e 'Q 9 ' _; ﬁ
/% ® 7‘—; ~ ‘7 — O . xj‘ B Xk =X e TR
— o ! 2 !
' © 6' - o '3
Group 11: v~ Group_20: swer:
Problem: Ansver: Problem_: - An..werr. o
. : - Lo R T -
V.Y A 2 S N 3y+QK
4 ' - £ o ~1 :.;\_ ,‘ ° '. '_” .."‘ . 1.‘ R
q s -9 S "h : . l". "." ’\.', : .',_ . ."(' '_..v "‘.‘ ! 4
s B o TS0 T o 0 T )" oy
. 5 ST e P Y
° . S P4 e X3y \:r /

Co\-?i-i) | ' vl "" VT



? EXPLANATION OF TERMINAL

¢ NOTE NEXT FLEW PAGES TAK“H FROM THE CALL#380 COMPUTER TERMIUAL
(numbers on tals page correspond to numbers on next few pages)

(1) The terminal is signed on and once the User Number and
Password have been glven, it 1s ready to start with the program.
(2) The Research issistant UNLOCKS GRDUP,,this is to be sure that
the information will stay within the computer and can be run back
qt another time when needed. (3) RUN DATCOL is the title of the
program‘and Run allows the program to be used.. (4) RA stands for
research asslstant, éTD, stands for student number, and GRP
stands for Group number. This 1s used for filing purposes, to keep
" track of the work being done. (5) The students directions are given
-~ hext. These are the only directions the student is given except an
explanation of the terwinal and wnat thne program i1s which is giveh
prior to this.. (6) The terminal next prints the question READY?..
(7) Tae student answers YES (Y is a sufficient answer). (8) The
terminal prints the question ANSWER. (2) The Research %°sistantv
answers by pressing 1, z, or 3 depe;dlng on the students response-
to the problem that i; presented on paper by the Reseaech Assistant.
(10) The terminal then prints RIGHT ON!, QUITE CLO3E, or TGO F.R OUT
depending on the prior response given by the Research A :ssistant®
of elther 1, 2, or 3. (11) When the group is finished the terminal |
prints the questlon FINISHED? (121 The stﬁdent nmust tihen answer YES
or NO (again the first letter of eithér word is sufficient).
(13) If the answer 1s NO to the anove question tine terwminal prints
 the information necessarj to begin a new group. (14) When thls

[}{fgoup is finished the terminal will again print tlie question FINISIED?

FullToxt Provided by ERI
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(15) If the answer by the student is YE3 (18) the terminal will
print the Computer Time and walt for furtiher instructions. (17) The
Researchi Assistant prints LOCX GR0UP on the terminal, this insureé
that the information put into the computer will not be lost., (18) The
Heseafcn Assistant prints OFF on the terminal and (19) the terminal
will terminate.. |

(20) This page shows a lisﬁing of all information that has
thus far been used by the program (under file TW0' only). This enables
the reésearchers to go back and review what has taken place.. There
will not be an explanation of thisy; as the findings are reported in

the pages that follow.
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Sample Computer Respcuse
- . Efrom One Sessicn With a2 Student

2700 AT 13:09 AR

23 1972 LIUR 5

CALL=-0S SYSTREM U2 JaTIL 06:00. DEKLLL TS W04

USER NUM3IFR,,PASSUOIN--LXN1 2,
ARADY :

JNMLO

CH GROUIP
READY

RUN DATCOL
NATCOL "13:09 Filde 23 1972

Wt e

FILENANME:
TVA

FILE=TMG
RA, STN,(RP
2151599

WREC= 21

S EACH PICTURE I3 A PROBLEM. PLEASE
OAf THS PARE WHICH IMN YOUR ORINION

PAINT TN
C Ot

.
IS THE

A PLAGCH

IHECT

ANSWER, THE COMPUTER WILL TELL YO WHETHER YOI WERE

.1 RRany?
Y o
ANSHER?

73 -

TOO FaR 0UT

2  READY?
?2Y -
ANSUER? _ : N
729
NYITH

1%}

GLOS

DPLAGKE, CLOST TO 1T, GR TOO FAR OFF.

3 RBEaApY? ' S

A

ARNSHER?

21 '
RIGHT OM!

T4 READY?
IYES .
ANSYER?
I D
. RIGHT Ot

s READY?

- 2YES 1 AM READY

O ysuER?

N,CD L . o ‘. . 4

A FuiTox providea oy eric [

QUITE CLOSE 0 S E

Sheet

INVALID.
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A BEADY?
?Y
ANSTR?
2

TAN FAR NJT

7 READ"?
27
ANSHTRER?
21

RIGHT QM1

% HEANY?
7Y
AMSHER?
71
RIGHT OM!

9 READY?
7Y
ANSWER?
71

RIGHT NNt

FIMISHED?
M

r11r="wn‘ /
HJWTDJth‘
215153

20 READY?
') ‘1’ - :
AMSITER?
2

RIGUT ON!

21 RTANY?
7Y '
AESHTIERT?
72
}“ITt CLOSE

22 ]F/ANY?
Y

ANSWER?
23, :
T TQO0 FAR 0T

23 READY?
?2Y :
ANSHER? _
71 . .

K

RIGHT D!
ElC

Aruitoxt provided by Eic:
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o4 READY?
2 '\;’
ANMSIER?

?3

?Y
ANSHTER?
71

AMSYER?
21 |
RIGHT 0!

27 READY?

Y
ANSYER?
71

- RIAHT ON!

28 REZADY?
?Y : :
ANSHEZR?
2?1

RIGHT ONL

29  READY?
Y
ANSTER?
?1
RIAHT OR}

FINISHED?
7Y

TIE 10 _SECS.

LOACK BROUD .
READY

OFF .
OFF AT 13315
sann., TIME... 10 SEC.
TERM. TIME... 5 MIN.

Jav el
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AMLOCH aAnR

mEAamyT

A LIST

“LIST 13:14 UED, FEE, 23 1972
FILENANT:

2T Ve

™I EP ARB

31 1 71 81 99 1 2 | 3 4 1 3 A 7 =01 ¢ 1) 1
| i3 t4a 1 Is &6 1 17 [

34 2 1 63 3 19 20 3 21 22 3023 24 1 .25 g2& V=27
29 30 1 31 32 1 33 34 1 33 34 1 37 34 1

34 3 1 A3 7 39 4y 2 a4l 42 1 43 a4 1 45 a6 L 47
49 50 1 51 52 1 33 34 1 55 HA 1 57 53 l

34 4 1 54 7 0t 2 1 3 4 1
3 -14 1 13 1A 1 17 18 1
31 3 p4 99 ] 2 1 3 4

N —
e
wn
o
&
o
g
-3
3
.
3
O
0
— )
L

5]

34 A A 319 20 3zl 22 3 93 24 2 25 28 1 27
29 30 L 31 32,1 33 3s 1 3% 35 1 37 3¢ |

34 07 i 54 7 - 39 4D 1 7l 49 l 43 44 1 45° 4R t A
49 50 1 51 825 1 83 %4 1 35 %6 1 57 85 | .

6 B 1 27T-a4 b 2 103 4 1 5 a v7 o1

3409 1 27 7 9 10 1 11 12 1 13 14 1 1A 17 b 1H
g 21 1 22 23 1 24 25 1 24 27 (- 44 29 1

14 1o 1 %7 4 v 2 1 3 a 105 5 1 7 & 1

3a 1t 1 .57 709 o3 il 1T o2 t% la 1 15 1a& v 17
1o 29 1 21 22 1 093 24 1 ¢25 24 1 29 40 |

34 12 L A3 03 1 2 3 3 4 3 5 503 7 o2 % 1d o
1 13 w4 1t 15 1a 1 17181 1w omo 1 ;
‘34T 13 1 A5 7 21 22 1 23 24 1 25 24 1 27 25 | 29

31 232 1 233 3¢ 1 35 3A 1 37 3 - 39 40 |

14 lta 1 a2 a {2 3 3 4 1 5 &6 1 7 % 1

34 1% 1 42 7 % 10 1 11121 i3 1a ot 15 16 1 17
19 20t 21 22 | w3 24 1 25 26 1 2% 23 1

14 14 1 89 a4 1 2 1 3 4 1 5 & 1 7 5 1 ‘
340017 1 397 % 1n L b1z 1 13 I 15 1a 1 17
19 20 121 =21 m3oza g 5 24 L 27 02 i

34 1% L AR 13 12 33 a1 % 4 B9 D1l
1 'y 15 2 1é& 17 1 tE 1w 21 23 )

3t 19 1 1 9% 1 2 3 3 4 g &5 A 1 7 & 2 9 in |
3013 141 18 1a 1 17 1s 03

34090 1t 1 1e 2oy 21 @ 2 93 2a 3 25 95 1 27
20 30 1 31 32 2 33 3a 1 3% 35 U 37 3% 1

31 021 1 1 %9 I % 3 3 a4 285 & 1 7 ¥ 1 9 10 2
5 13 14 1 135 ta 1 17 o141

34 22 1 ! 3 19 23 1 21 22 2023 ga 3 25 26 1 27
2¢ 30 I 31 32 | 33 34 1 3% 534 o 37 3b 1

TLME 2 SECS.

LOGK BROUP _
READY | =, . .

Fde s OnE v d $iece v
(‘;XTF '

' . e
TN . T D2 Yo oA
-~ - . V-
$TF AT 13:21 . - {
2 " Ty L i v . . .
EM n(’. Tl!:li. . '2 E!." ? PR \l 4 N —l\n . ‘\‘r P ot =1 s \';-" -
. PR CONLIY ey HE Y et e R !
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problems by looking at the answer. Just do the best that you can<"

-many of the students did not appear_to really care how'they asnwered

EXPLANATION AND RESULTS QFQﬁRITTEN TEST I

- This test is divided into three parts with four problems in’

each'part. The first problem in each: part have a simialr task as well

as the second problem, third and xourth "The Research Ass1s»ant went
into the classroom and handed out.a paper:with the first four problems
on it with the explanation "This is something new; try to give -an answer
to each problem, but if you cannot do the problems do not worry about

o

it. T will wrlte the answers to the problems on the ‘board when you ‘have

i

-passed 1qmthls_f1rst set_to me. You may be able-to learn how to do the

After the papers were returned to the Research Assistant and the

1answers'writtenlon the board, the Reaearch Assistant passed out the -

second’ set of problems: The  same procedure was repeated as.was.done

for the last set of problems. The Research AsS1stant did thls tESu in

all three of the classrooms. The students were noisy but the Reséarch

Assistant had no’great problems in administering the test except_that

- -the problems.

RO ——

The results are graphed on the following pages. e
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Before continuing the research, the Research Assistant would like to make
the following sugzestions of changes that might be madg.

1) Group 13 is 2 nultiple chahice tyne of problem. The siudents did not
understand the multiple choice portion of the problem and actually ¢éid not
use.it in giving treir answers. It is suggested that this group have an g
answer similar to the others.

2) Blanks have been placed on problen pages supposedly to show the students

that afn answer is required of them at this spot. The students do not know
what the blank is for and have often tried to Qée it for another vector. It is

-

suggested that thi; blani bg omitted. _ .
3) The arrow over the letters, that designate the name of a veztor confuses
the students. It ig not needed and therefore should be omitted leaving only
the letter to mame the vector. The studenss'tried to use this little arrow as &
another vector. The students weré confused by it and the Reseaxrch assistant
had to explain to then its purpose.
L) All letters that are on the page should be typed. Also the ‘answers that

the students tell the Research 8ssistant could be typed on the terminal so

that the students can compare their answers with those of the computer’s.
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CHARZZS

The follawiny onanges have .osr Yoo nrosran. The ressons
for some ¢ the ~nanpges Are ex.idirel in tne vace entiied Suggestions.

(T

1) Grou. 13 is no longer :viiliple chcice.
2) There are nn blanks on e pfoblem pare aesignal ing the answer.
3) ALl letters on the proﬂlems and the answer sheetis nave been typed

for easier reading_by the Students,

L) A difrerent set of insiructions are g.ven to the students for Groups 10
through 23 that éroups 1 throush G. Because the tasks are different there is
a need for this separate set o” instructions. The set of instructions for ~
Groups 1 through 9 are the fa;lowing-(SET A):‘
EACH PICTURE IS & I‘RQBLEM.. PLEASE TONT TO A PLACE ON THE PAGE WHICH IN YOUR
OPINION IS THE CORRECT ANSWER. TIHE CCMPUTER WILL TELL YCU WHETHER YOU WERE
RIIGHT ON THE CCRREZCT ANSWER, CLOSE 10 IT, OR TOO FAR OUT. REYEMBER _ A CORRECT ANS}
FOLLOWS EACH PROBLEM. - ‘ '

. The set éf instfuctions for Groupsylo through 23 are the following (SET B):
AFTER TYPING "YEs"' TO THE QUESTION READY? MADE BY THE CQMPUTER, TYPE THE ANSWER....
THAT BEST DESCRIBES THE PROBLEM. THE COMPUTER WILL TELL YOU WHETHER YOU WERE RIGHT
ON, QUITE CLOSE, OR TOO FAR OUT. THE COMPUTER WILL THEN PRINT THE CORRECT ANSWER.
(ENTER ALL PO3SIBLE mswms).

At this time the Research Assistant still answers by pressing #1 (right On),
#2 (Quite Close), or #3(Too Far Out), For Groups 10 through 23 the Research
Assistant wil;ualso type in the correct answer ﬁfter the computer prints
Quite Cloge or Too Rar Out. In the;e groups, the student must type in the
answer after ne types YﬁS to the computer's question READY? as stated th-thé
directions. XNo answer sheet is given for these grouﬁs unless strong feedb;ck is
utilized. ’ ' . '

5) Changes have been made in Group 99 to utilize both sets of inktructions

O and to show ilhe student how tc use the typewriter portion of tne terminal.

H ML e T mdsmiimndel v in e . Tt DY 2 YT A A TAT T At s
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FOR PROBLEMJ L. <, !. PLEASE ICTLT Ad WHALD Y4 THIN: 73 THZ CCRRECT ANSWER.
FOR ALL THE mmrl, JUul TYPE THD Al Wil YOU T LiE o BRI AFTER THE COMPUTER
SKS: READY AL YOU HAVE I2YPED: Y.
The students will nave to ne snown now to erase {use of arrow) and when
Po fype their 2nzsers. Also the choice of linez (taskz; - ~ Q) are done cy

using the letters A, 5, and < as names of Lne lines; examole:

cefore: (a3 (v)  Now: . . '
. r /// | . ////' ﬁf/, 13///
(c)/ : .

This is similar to later proolems when the student must naice the vectors.

6) The prolram hag"Bééh'Chahgéd so that before eacnh group the computer ﬁill £
if the student:wants instruétions. This is in place ci' the cdmputer giving
instri-tions berore each group. 7T1he porpose of this s to save time.

7) Groups 2k, 25, and 26 have been added to the program. They utilize SET B
of the instructions.where the student has to pdint to the correct answer.
The tasgsk is for the student to use an a;gebraic statement and arrive at a point.

A sample of the task is the following:

Problem: . Answer: (with strong feedhtack)
ot =y ' =S N 4
e .- ;Affh
-1y ¢+ aX . :
7 -1y + ay f‘_"
mn
A A I
1 y
< 7 © Ay O

8) It was decided to not use all of the groups when starting a new set
of students but only those that‘appeared necessary 5y the fingdgings given. On
the following page is a list of the groups to be used with the new set of

Q@  students. ' L




" 7" Groups Abbreviated

The following zroups will be used by the second set of students to

try out this program.
used because some oi the groups

(the prerequisite for the program) will also be given.

GROUP 3a or 4a
Provlemn:

0

GROUP 8a or 9a

Problen:
Y
1
e
e
e
-

Group 13a
Problem:

P
L}
s
e [ =™
A Z
A
N '
N
2 £
A LA
P

Group 182 or 19a

Problenm:

Cen

ERIC

Aruitoxt provided by Eic:

Ansver:
~/.?_ N
-
-
o]
Y
N
Answer:
“A
.’/
/‘. N
/'{, ..“’ ’
, [r4 ‘ N
2ty
AN
A

a
;
/=
S b=
/ /l
N, .
!
f
l‘ /
— -

Answver:
- x -~'t._"\: A ..’\\’ [

s ‘;(\

1Y -

<

‘Group 2la or 22a
rroblem:

2

- -b\-. .-\\ . V g .
Group 25a or 26a
Problem:

~

WX -1y
w N
~\; oo L

"\ .
= .

s . N
«

v

Y
-
) \
/
< Vo
~a

‘The number of groups used is fewer than previcusly
were found to be unnecessary.

Group 29
. ’ AN [\. .
" -
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Titlé: Learning Difficulty, Transfer and Retention in Concept Formation

Tasks in Mathematics

Grant No: OEG-1-71-0018 (509)

INTERIM REPORT

General Findin; . ..

(a)

(v)

(e)

(a)

(e)

The sequence of tasks works with fourth, fifth and sixth graders when
used with a research assistant (who stimulates a grophic terminal and
a computer terminal).

It is feasible to carry on such research in a modern, project-centered

classroom without disturbing ongoing activities.

Increasing automatization of the process, moving toward the complete

automatization visualized in the original proposal, does not reveal
any significant problems in this area.

There seem to be graphic-terminals which will handle the complete

Tt s s
automatization wihien funds become aveilable for this.

One general instructional effect of the wordless sequence, stressing
as it does the use of feedback as guidance, is to bring the learners
tn rely on feedback to direct their next responses, and to expect to
receive feedback concerning each response; this is noticed by the
research assistant during the course of working with the students (in
the role of granhic display, of course), but it is possible in the
future to test this hypothesis by pre-exposure of an experimental
group to different tasks relying on feedback, and then comparing
their performaice on the initial task of this sequence with that of
learners who have not had comparable previous experience. (There are

other ways to test it as well.)



(f) We are finding that what seems to be a logical sequence of tasks in-
volving steps or transfers of equal difficulty turns out in practice
to be highly irregular in this regard; i.e., our ability to predict
vhat will be a difficult step and what will not is very poor. Thus
we afe approximating an optimal sequence of tasks, i.e., a sequence
which is the shortest one possible which will maintain a high success
rate, through empirical data, taking out steps where there seems to
te no difficulty and at the same time noting where information was
left out which was needed but overlooked by the programers. Througﬁ
this experience I exmect to be able to draft a preliminary calculus
of instructional variables and test its generaliiy by app.ying it td
another sequence; namely, & sequence in adding-subtracting and multi-

plying-dividing for younger children.

Particular Findings:

(3)  Number of repetitions tamount éf variagion) has no effect on learning
according to the data gathered from the various tasks of the program
itself, in terms of trials-to—criterion.

{v) Strength of feedback is crucial in an early, foundation-concept tvoe
task (adding of two factors in twblspace), but has no effect in subse-
quent tasks. |

NOTE: Both (a) and (b) mﬁy indicate that the sequence is not optimal, i.e.,

the "step-size" has been too small to bring out any differences except in

the one initial task where strength of feedback was necessary--i.e., learn-
érs did not "get it" without strong feedback. This can also be looked upon,
incidentally, as the establishment of a mediator, i.e., drawing the dotted
arrow in the answer gives them a mental process whereby to find the final

\)“osition from the initial position.
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(e) Data from esach stage indicate that a oné—trial 1eafning process was
teking place, i.e., when the learner "got it,' he continued to respond
accurately, rather than varying between right and wrong answers. Fur-
thermore, mcst learners "got it" on the first or second task in most
cases, occasionally needing the feedback from the first, seldom thét
from the second. This also can be interpreted as supporting and insight-
based theory of learning (similar to one-trial, and compatible witﬁ
mathematical stimulus sampling theories except tnat we have no normal
distribution of trials-to-insight).

NOTE: There is no indication, therefore, from the learning data-that hav-

~ing the learners do ten tasks at each stage was effective. However, since

it was necessary to do this in order to give one group five repetitions of
two different iasks and the other group two repetitions of five different
tasks at each stage, we followed through with this in the first phase. (The
second phase, in'progress now, has been limiﬁed to five tasks, where either
five differént tasks are given, or two tasks with one repeated twice and

the other repeated three timesj the same variabies are being used, to try

to replicate findings from the first phaﬁgljv

(d) Date from an immediate post-test indicate no differences among the vari-
ous groups or interactions; th£§mpost—test was given individually, in
the same mode as the learning t;sks, with feedback after each task.
However,‘instead of each task being repeated several times, the test

.gave four different types of task one after the other, then went

through those four again, and then once more.




e

(e) A delayed post-test similar to that in (i) was administered to the
elass as a group, in schopl, rather than individuelly. This caused
some negative feelings from the group, but most of them cooperated.

(These classes do not use group work very often.)

STUDENTS CORRECTLY DOTHG TASK AS RELATED TO
LEARNING TREATMENT

10 e e e

0

@

[OANES |

Mean No. of

Students

Getting the M

3 problems 3
_Correct 2
1

i
2 tasxs repeated 5 taszks repeated: -
5 times each 2 times each '

LEARTING TREATENT

)( Strong feedback trial 3

& Veak feedback trial 3
X Strong feedback trial 1
@ Veak fcedback trial 1
' X Strong [leedback average of three trials

¢» Vieak feedback ~  average of three trials
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This delayed post-test indicated a difference between strong and weak
feedback groups when there were two tasks repeated five times each,
but-;6 éiféé;ence‘when there were five tasks repeated two times each.
Thus it seems that the weak-feedback situstion compared with the strong
in 2 manner similar to the comparison of guided discovery to guidance
alone, but that this only happened when the stimulus variationywas
sufficiently low, i.e.; when the variation was not so high as to make
discovery too difficult. This hypothesis could explain the lack of
observable differences between treatments during learning, where the
support given by the programed sequence was so great that it covered
up the fact that the weak feedback ggégp h§d developed its own media-

tors. This was brought.out when the "artificial"” mediators extinguished

or were less accessible (being newer responses) after a time.

General Conclusions:

It seems worthwhile to continue to invzstigate the present variables
for the time being; the most recent results indicate some significant
outcoméé are possible,land we need to replicate the original experiment
with larger numbers. At the same time we are investigating graphic termin-
als and hope to find soﬁe combination which will enable us to completely
automate the process without additional funds. However, it seems likely
that we will need to apply for more extensive funding to go into that kind
of context.

What may emerge from this is some initial ﬁotion of the opmimal amount
of repel;tion of variation of examples of -a given type of task, interact-

ing with guidance (strength of feedback), or variation of examples of a
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type of task, in respect to (a) learning speed, (bt) retention, and (c)
transfer. The learning speed is measured by trials to criterion at a
given stage; the transfer is measured partly by learning on subséquent
stages and partly by a delayed test which utilizes the learned process
as a mediator; and the reﬁention is measured by comparing irmediate and
de;ayed test results.

At the same time we are dealing with these variables, we are also
dealing with two other very important ones; nameiy, optimal Qtep—size
or length of sequence or difficulty, and the matter of absnlute number
of tasks done at each stage, regardless of reaching criterion, i.e.,
""arill" or "over-learning.” In the latter the Qﬁestibn is wnether it is
important to conténue to do tasks of a given type after reaching criterion--
whether the repetition adds somethiﬂg., The fact that we have some differ-
ences among our treatments indicates that there is a potentially signifi-
cant effect of drill beyond "understanding," but we need to éo into this

extensively before we can say ..nything about it in 2 reliable fashion.
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RESULTS FOR SECOND>SET OF STUDENTS

Strong Feedback - Repetition of 2 (5 times)

Groups Administered: 99, 3a, 9a, 13ad, 18a, 2la, 25a
Students Participating in Series: 10
Outcome: All students understood the tasks

Strong Feedback - Repetition of 5 (2 times)

Groups Administered: 99, ha, 8a, 13ac, 19a, 22a, 26a
Students Participating in Series: 10
Qutcome: All students understood the tasks

Weak Feedback - Repetition of 2 (5times)

Groups Administered: 99, 3a, 9,13d, 18, 21, 25
Students Participating in Series: 10
Outcome: All students understood the tasks

~y

Weak Feddback - Repetition of 5 /2 times)

Groups Administered: 99, ha, 8, 13c, 19, 22, 26
Students Farticipating in Series: 11
Outcome: All studenis understood the tasks




'RESULTS EXPLAINED"

This second-set of students also came from the Qyster River

" Elementary School in’Durham, N.H. 'They are fourth, fifth, and sixth

)

graders who are in the tradltloral school settlng Permission slips

were sent home for the parents to sign and those students vho volunteered
for the program were taken to Morrill Hall in the Education Department

of the University of N.H. £Each student had to go through a series

consisting of seven groups; therefore, the Research Assistant could

~not put more thean one student in the morning and one in the afternoon

through the program. This resulted in the number of students in this

- portion of our research to be lower than would have.been preferred.

For & short perlod of time the Research Assistant was using two termlnals
set np ia the termlnal room 1n_Morréll Hall. Tnis worked out very well
and. although it riade & lot of wgtk for the Research Assistant (becamse

of -the hay the orogram is written at this tine.~ the Research Assistant
has to say whether each problem is correc* or not.) the ability to do

two students at a ‘time was' a great time saver. This would have been

" continued except that the TV terminal broke down and had to be sent

. . _ o
away to be repaired. . e IR
The students were divided into four grouos as shown on the prev1ous

page of the resalts ALl stuaents sncceeded in understanding the tasks;

LA

therefore, showing no major differences in performance. The Research

Assistant timed the students while they did the program.anawthe average
'for Lae two groups who used strong feedback was 56.3 mlnutes and the
aaerage for the two groups us1ng the weak feeuback was 82. h mlnutes

This is a s1gn1f1cant difference. The Research Asslstant.suggests usiné.

only strong feedback becausc of this time difference. The students often



get tired especially after a seven gréup series.and the shorter it is for
them the more willing they weould be to complete or at least do more
of the program. This will probably begomé more evident'as the program
becomes longer.

The students appeare to need éll of the groups used; therefore,
thi§.§ame series will be used For the next set of students. Only a
few of the students went through all 10 tasks in each group =~ this does not
appear to be necessary. Once the student has'"figured out" how to do a
group he is anxious to see what is next. This also allows for a shorter
time Sor working.

Tnere was one student in this set who could not understand the
tasks in group 99 and therefore did not finish the program.. When
her teacher was questioned, it was found that this student has perceptual

roblems and is being counciled at school for them.
=



WRITTEN TEST IV

The same test that was adminigtered to whe old Set’of students Qas
given to this nes seﬁ. The test ﬁas fiven in both a group éetting and
individually. The results of both tests are graphed on the following pages/
The.students still did bbtter on the indiViaﬁai testing.than the éroup
cvest. .
NOTE: There were 10 students;all from one class that the Research Assistant ——
was nnable to groué test because of lack of time. There still should

be enough data to see‘résu;ps,
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THIRD SET OF STUDENTS

This set of students ccmes from the Hilltop Elementary Schonl
Summer School) in Somersworth, N.H., The students will be entering
the fouith, fifth, sixth, and seventh grades in the fall.
A Digilog Telecomputer Terminal (TV Terminal) has been rented and
is set up at the Hilltop School. It was necessary to have a Centrix
telephone line installed for the purpose of contacting the computér
at UNH..- The school's television is being used. The Research Assistan:. was
3iVen a room to use for the projectf The room is spaceous and comfortable
and all of the materials will be left ®ignht at the school until the.
research is completed.
The students will be put through one or the following series:’
GROUPS: 99,3a,8,13¢,18,21,25
99,3a,8a,13ca,182,21a,25a
99,4a,9,13d,19,22,25
»99,ka.9a,13ad,19a,222,26a
The following diagram will be an explanation of the procedure to be followad

during this set of s.udents:

Lt ferant exarples S.dirferent evampleg
(used previously) (used pyeviously)
5 tasks 2 correct takKs 5 tasks 2 correct tasks
in a row in a row
Strong Weal Feedback Strong Weak
Feedback Feedback Feedback

Since a time difference wag noticed in the last set of data, this will aiso b;
closely watch@d. The students will be given bobkh grouy and individual
tests £3 was administered previously.
It is pussible for the Rbsearch Assistant to take two studeuts per
Q lay. The summer school's houss are.frém-9:0b - 11:30 A4 Tuesday thoeugh

E11010

I'riday. The students will continue to veceive a reward (lollypop)<ew Yheiw work,
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Results of Tnird Set of Students

These students were very anxioussto participate in the program
and did not appear to need to be giveﬁ a reward (the loll: pop) for
doing the work. They did not mind not receiving the paper rrom the
terminal as previous students did because they never rezlly knew
it existed. The students just enjoyed coming into work on the terminal
because it was something new and different.

All of the students were successful in completei:ng the program
and élthough fhese students were slower on the average than previous
students they did wmery similar work.

. One student got two corfect on Group 13c¢ as was expected of nim
but the researcn assistant believes he memorized the examples and
did not really understand the group altiicugh this did not avzear to
impede his completion of tiie program.*#(see attached sheet on Paul)

A difference in the average amount of time for the different
sets of groups was apparent with this set of students as was apparent

.with tlie previous set. |

Strong Feedback - Repetition of 2 - 53.4 rinutes

Weak Feedback - Repetition of 2 - 60.4 minutes

Strong Feedback - Repetition of 5 - 72.9 minutes

Weak Feedback -~ Repetition of 5 - 75  wminutes
Although the difference is not as clear as in the previous group of
students, 1t still took a longer period of time for the weak
feedback as compared to the strong feedback to;complete tne program.

There were no problems with the students in regards to their
behavior working with the researéh assistant either at the terminal

~ryAuring testing.
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REPORT ON COMPUTER PROGRAMING PROCEDURES

fhe first of a series of changes werc made to the program ''Datcol.”
After a few minor changes in instructions a copy of "Datcol" was made ; céiiéd
"D Copy". This was done so fhat if a programiné error was made, the original
could stiil be used until the error was located.

Changes were then continued. Changes were aimed:at making the program
run more rapidly for the user. Changes such as the advisor and student
numbers only bging“asked once and instructions being given only when requested
and an automatic fill-in of answers to finish a group when an advisor thought
.1t wise to do so. The written text was adjusteq to fit. on a 32 character- ‘
wide TV screen.

A need for two identical programs occurred becausé it was decided to run
m&re than one studeqt at a time. The complications this causes reauires some
explanation:

Whenever a program is used, it is really a copy of one which is-kep£ in
"save storage" in the corputer. Therefore hundreds of pzople-could use the
same program because each of those would be a copy cf the one in "save storage.”
Unfortunately the IBM computer does not do the séme for daté files and it
will allow a data file to Be used by one prégram copy at a time.

. The problen was, that "D Copy” and "Datcol” used 3 data files (the same
3, since one.was a form of the other). .One file kept the results, while
another. kept group and task numbers, and the third was used as a dump file
(i.e. a %ile hust be used to restore information to a file that is to be
written on. Thnis is because the ﬁriting process erases all previous stored
information).

I wrote a program to copy informatioﬁ from cne file to a new one but
-an error on my part caused the file that held theiéroup and task numbers to

Q v
[ERJf:amaged. I decided to re-make the program at this point so that this file

IToxt Provided by ERI



wasn't needed. And since I was going to mek~ this change I also decided to
change the progran language from FORTRAN to BASIC.
The advantages from this decision are many, the major ones inclﬁde:
1). BASIC aliows free format of characters when answering 2 question.

2). - Two files were used instead of 3 (less cost of storage and a faster
running program).

3). BASIC is a faster running system than FORTRAN; the computer time
used by "Datcol" and "D Copy" were running from 13 to 19 seconds
per student while the new programs, called "A," "B", and "C"
would run from 1 to 3 second per student. A savings of about
$1.50 per student. : :




VECTOR -REPETITION PROJECT

The following programs are used in the project in interaction with
the student.

Program name . matching "dumpfile" matching "record file"

A ALPHA . , ,
B g . BETA C#5
o : _ GAMMA. #6

i(that is: that a st;dent using program "A" will automatically use Alpha as
the "dump file" and his resuits will be recorded on file "ELTY .

The other four programs are run by & ﬁape which controls the reporting
of data from files #4, #5, and #5. The tape runs on the TAPE ALL COMMAND
which allows all functions and answers to questions, to be -placed on the o
tape before hand. The tape runs without'supervision except for one place
where it rings the return bell to cail for the tape punch to be turned off
The last command on the tape signs off the computer. The list of commands

on the tape follows.

TAPE ALL G——________ instructs computer to run tape control
RUN MAREDATA é——— prokram to form data statements, punchad on tape
#l ———— rile used
-~ RUN : Y
#5A } same
o g s
RUN BELL ¢————— 1 minute ring of bell signal end of taplnc
RUN READFILE —————— nmrles chart of data
7l €¢————— _file used
i j sare
RUN
/ same
4y o
PUR #5 | .
PUR #6 files are purged '
PUR ALFPHA .
FUR BETA : . .
PUR CAMMA _
FILE #4,100 : ’
FILE {5,100 " files are reformed, the number 100 menas that
FILE #6,100 they can be used to store up to 100 Tile units.
FILE ALPHA, 100 1 file unit = 800 numbers
O~ EBETA, 100
[R&CGMWA 100

[Aruton providod o e | 5 TM‘-TF IL

rrogram to set record file for future use



#l
-123
RUN
#5
-123
RUN
#6
-123
OFF

&—— _ file name

¢ - end of Tile number needed by program usage
}; same
same

¢————"sign off of computer system T _ \

The exact function of the other four programs are:

MAREDATA: reads a data file and prints numbers in the.form 8f'data
statements with line numbers. The tape punch mskes vaper tapes of
the dats lines. The format is such that the tape can be entered in-

"'to the computer at anytime; various colums can be selectively read

for staticial analysis. Each data line has eight numbers that cor-
respond to '“eadllle. .

. READFTLE: reads a data file and prints it out in chart form. Ths

chart has eight columns. They are from left to right: Advisor num-
ber, student number, Group number, Task . number, Score, Record (the
number of groups to be entered on that file), RL and R2 (these are

" counters that have no use assigned to them). The data has the sime

pattern of intformation as "Datcol" had.

STARTFIL: initializes each record keeving file with the number -123,
The number is uded by program A, B, and C, to note the end of the files

records.

Bell: rings the return bell 600 times as a signal to turn off the tape
punch. (1 minute at 10 rings pa second).

e
‘A

A uhange made the woek of June 2nd, makes the program reset and store

data after each group is'done, this way if the computer shuts dovn the most

that is lost is one group. 7The cost is about one second of corputer time more

per

student. ¢



WIDTH 196
READY "
LoaS A
READY
LIST
a 10:46 TUESDAY, MAY 30,1972
4 REM FILES ARE RUN THROUGH A PROGRAM CALLED: STARTFIL
! REM TO SET THE FIRST DATA ENTRY AT =-123
2 REM THIS IS DOMNE TO THE FILE ONLY BEFCGRE IT IS RUN FOR THE 18T TIME
3 REM TO CHANGE A TASK: THE FIRST DATA LINE IS GROLP 99, ALL FOLLOWING
4 REM ARE THE GROJPS ONE PER LINE, & COUNTING I ORDER: GROUP 1 T La$T
5 REM GROUP. EACH PROGRAM MUST HAVE A DIFFERENT 'DUNMP FILE' anNd wiiRy
6 REM MORE THAN OlE PROGRAM IS 3523 AT A TINE DIFFEIRENT FILES ST BE
7 REM ENTERED WHEN THE RQUEST 1S ASKED: FILE HAME?
8 REM FILES ARE READ BY TrE¢PROCR it  RUADFILE
10 DImM AS(3) -
11 DIyt UCa0d)d
12 DIM V400D
13 DIM WC(A00)
14 DIM XC400)
15 DIM Y4003
16 DIM ZC400)
17 DIM $C400)
18 DIN #Can0)
19 DIM TC27.,i9) _
20 FOR &=1 T0 3 T ;
30 READ AS{w)
40 MNEXT @
50 DATA "RICHT ON'","QUJITE CLOSEY,"T0O FAR QUTY
60 PRINTUVESTAPE CODE IS ANSYER: a357v
66 Q3=0
70 PRINT
g0 PRIWNT
90 PRINTUFILE NAME"S
92 INPUT FS$
98 MAT READ T
99 DATA ! 5,2,3,455,65,75%,9,0
101 DATA 13,11,10,11,10511,10,11,10,11
102 DaTA 13,11,12,13,14,10,11;12,1:,14
103 DATA £9,21,20,21,20,21,20,21,20,2
104 DATA ?fo;21J22,23)24J20:21J22Jd3;2~’1
105 DATA 30,31,30,31,30,31,30,31,30.31
106 DATA 30,31,32,33,34,30,31,32,33,34
107 DATA 44‘3;4l)42)4“.;_.:’-4%:45:46:47:45;-’19
108 DATA N0 41,005,081 ,40,41:,40,41 40,41
109 DATA 40,481,425,43,44,40,41,42,43,44
110 Da™A 50,51,5~,VJJ5H,55,:O,57,38,59.
111 DATA 6D,581,62,63,064,065,50.67,68,6 ~
5'° DATA 70571572573, 74575, 765775 74579
DATA -"30;81J‘ﬁ’:pu:&’—:Jdb;,{o.vfﬁ’/.:dﬁ':bo

AN, 92,90,62,30,92,%0,92,90,92

DATA



117
118
119
120
121
122
123
124
125
126
128
1239
13¢C
140
141
142
143
145
147
14€.
149
159
151
152
153
154
160
165
170
180
181
184
187
190
200
210
220
230
240
250
250
270
240
290
300
1208
1209
1210
1220
1230
1240
250
12480
1270
1280
1500
1510
1520
1530
1540
1850

'1500

DATA 100,101, 102,103,1i04.,100,101,102,103,104
DATA 110,112,010, 112,110,112, 0,11E2,110,112
DATA 110;111)112:.1&);-4)&&(:1;1)1 2,1135114
DATA 120,121, 122,123,130, 1:25,128,127,125,129
DATA 120‘10?)1';'U 19631913 122,120,i12%2,120,122
DaATA 120, n?‘;l( S I23, 124,120,121, 1R22,123,124
DATA, SO}lSIJIQ.)l.ng"‘{’ljlrSD.'l\) 22137,13551369
DATA 140, 141, 142, 143,144, 1 AB,1a6,148T, 145, 149
DF‘._TA 140, 141, 1‘10;1#’11;1&0;7&’11:15':0.91!—51;11—:0)15;1
DATA 140,141,142, 143, 144,140,141 ,142,5143,5144
OPEN 1, FAa,InPUT '

QPZM 2, "AlLPRat , QUTPUT

FOR 9= Tn 2000

GET 1tHILH2,H2,HY LHE5,HOEL,HT » HY

REHM A= ADVISOR,51=STUDENT, G=GROUP, T=TASK,S=5C0RELUL=
REZM FILE BzZIME USEDLQL & A2 ARE COUNTERS OF LITTLEL

REM COUNTER OF TASKS FOR THE STORAGE OF RESULTS.
IF H1=-123 THEN 180
A=H1
S1=H2
G=H3
T=1l4 .
S"LAS S et
Ml=Hé
Qi=H7
A&=H8
PUT 2:A,851,G,T,S5,NM1,81,02
NE=2 '
MEXT 2
CLOSE 1,2
MI=N1+1
IF 35='50" GOTO 220
nz2=0
PRINT
PRIMT"ADVISORSE (COMMA)Y STUDEHNT#"S
INFUT A»S1 '
PRINT
PRINT"FILE “5F33" RECORD"; NI
PRINT
PRINT"WHAT GROUP WOULD YOU LIXE'}
INTUT G
PRINT
IF G=99 GOTO 1208
IF £<=0 GOTO 250
IF G>=27 GOTDH 250

c !
h

NCEREE i ¢

3 l—l o=
l:J .

J
G
-3

»a
=
'"J

e}

MTYDO YOU 'ffﬁ‘l'[‘ INSTRUCT I0MS
55

e 'd

g
Sa

Y

IF $B="N0* GOTO 3000

IF 3%5<>'WES* . GOTO 1210

GOTHO 1500, 15060, 1500 0N G-23

iIF G=99 GOTO 2400

IF G>=10 GOTO 2100

PRINT

PRINT" EACH PICTURE IS A PROBLEM."
PRIMNT"PLRASE POINT TO A PLACE Of. THE®
PRINT™PAGE WHICH IN YOUR OPIWION IS¢

PRINT*THE CORRECT ANSUWER . THE COoMPUTER"
PRINTYYILL TELL YOU WHETIER YOU WHERE:"
PRINTYRIGHT ON THE CORRECT ANSWER,Y
PRINT"CLOSE T0 IT, OR" ’
PRINTYTO0 FaR QUTY

PRINT

RECORD # IN THZ
T

VALUE, Q3=



.

LD1U Ui

1620 GOTA 3060

2100 PRINT

2110 PRINTYTHT COMPUTER WILL ASK IF Y0 ARE"
2120 PRINTYAEADY. AFTE¢ ANSUERING: YES!
2130 PRINTYTYPE THI CNRRECT AUSWED THAT'
2140 PRINTYREST DESCRIBRES THE PRIBLEM. TR
2150 PRINTYSOMPUTER WILL TELL YOU WHETH=R"
2160 PRIVUTYWGU YERE RIGHT O

2170 PRINT"RAUITE CLOSE, OQR"

2130 PRINT"TOO Fal 0UT." ‘

2190 RENM(THE COul'UTER WILL THEN TYPE THE CORRECT ANSUHER)
2200 REM

2210 REYN

2220 PRINT"-->ENTER ALL PQOSSIBLE YAYS<--"
2230 PRINT

2240 GOTO 30060

2400 PRINT

2410 PRINT'" FOR PROBLEMS 1, 2, 3."

2420 PRINT"PLEAST POINT TO WHAT YOU THIN{"
2430 PRINT"IS THE CORRECT ANSWER. FORY
2440 PRVINT"ALL THE REST., JJST TYPE THE"
2450 PRINTUANSYER YOU THINK IS SESTH

2460 PRINT"AFTER THE COMPUTER ASKS: READY"
2470 PRINT"AND VﬂU HAVE TYPED: YES™

2480 PRINT )
3000 REM 21D 0OF INSTRUCTIONS QUESTIONS FOLLOW
3050 =10 : .

3100 FOR I=1 TO N

3140 z21=0 N
3280 G2=1I _

3290 GOSUB 50000

3300 PRINT TIYREADY"S

3302 Ql=R1+]

3304 INPUT 55

3305 IF $SS<>'YES'.GOTO 3300

3206 GCTO 3315,3315,23315 0¥ G-23

3308 IF G<10 GOTD 3315

3310 IF T<4 GOTO 3315

3312 PRINT™Y HAT DO YOU THINK THE ANSUWER IS"
3314 INPUT 23 .

3315 PRIN

3340 REMN

3350 PRINT"ANSWER";

3360 IWPUT S

33585 Q2=02+1

3370 1IF S=4537 GOTO 3340

3390 GOTO 3700,3440,3440 0N S

3400 GOTO 3350 '

3440 IF G<1!0- GOTO 3700

3450 GOTO 3700,370053700 OW G-23

3460 IF T<=3 GOTO 3700

3470 PRINT ,

3480 PRINT AS(S)

3490 PRINT

3500 PRIMT"WHAT ANSYERS ARE RIGHT ON"

3510 INPUT €% :

3519 zZl=1

3530 GOTO 3700

3535 REM END OF” QUTSTIONS; AUTS. FILL I FOLLOYS
3540 PRINT

3530 PRINT"AUTOMATIC FILL Ipn"

3360 PRINT

[R&Cg

PAvui s provided by eric

S=4 S
GOSUB 40000



3600
3610
36320
3622
3624
3630
3640
3550
3700
3704
3707
3708
37190
3720
3750
3760
3800
3810
3820
3830
3840
3850
3860
3900
3910

3920
4900
4910
5000
5010
5020
5030
5100
5110
5120
5130
5140
5150
5140
5170
5180
5190
5200
5210
5250
5300
5320
5340
39999
40000
40100
40120
40130
40140
40150
40160
40170
40180
41000
SD000
30100
100

[c 00

S=4
Di=01+1
Ne=02+1
GR=0
GOSURB 50000
r0933 40000
MNEXT 2
.OIQ 3800
G0SUS3 40000 .-
PRINT
PRINT
IF Z1l=1 GOTO 37530
PRINT 433
PRINT
MEXT 1
REM E£MD OF LOOP THAT GIVES THE GROUP!
PRIMT -
PRIMTYARE YOU DOWE WITH EVERYTHING"
IMPUT 55 '
IF ’”—'Y?S'. NTH 4900
IF $5="'NO'.GOTC 3900
PRINT'"YES OR MNC“3

GOTO 3¥20
PRINT

RIM BY FILLIMNG THE FILE AFTER EACH GROUP.,

REi CAN BE LOST BY a COMPUTER SHUT DOWM.
OPEN 3,F3,0UTPUT

OPEN 4 ,"ALPHAT' , INPUT

FOR =1 T0 N3 .
GET 4:08,5,8153,T55,2,Q01,Q2
PUT 3:A4,81,06,T,5,0MN2,921.,42
NEXT = o ' '
FOR g=1 TN A3

PUT HAS N Q7]

PUT 3:9 (&)

PUT 3:W(8)

PUT 2J:¢X(3>

w

PUT 3:Y 2D

PUT 3:Z2(2)

RPUT 3:5(3)

PUT 3:#(8)

MEXT @
AsS1,G,T55,02,01,22==123

PUT 3:A,81,0 ;IJSJ” 9.1:0.2

GOTO 128

STOP SUBPROGRANS FOLLIY
QA3=a3+1

UJa3i=n

7(Q3)=51 "

HeRA3Y=G
X(a32=T(G1,G2)

YR3dI=5

Z2(a3)=nN1 -

$(N3r=R1

#FCQA3)=02

RZT AN AFTER EACH TASK

MO MORE

THAN OHE

GROUP



LOAD B

READY

LIST %// ! ,

B ‘ 10¢59 TUESDaY, ®AY 30, 1972 ' -

0 REM FILES ARE RUN T:ROJGH A PAOGRAM CALLED: STARTFIL

1 REM TO SET THE FIRST DATA ENTLY AT -123 :

2 REM THIS IS DONE TO THE FILE OMLY SEFQRE IT IS BUN FOR THE 1ST TIMVD

3 REM TO CHANGE & TASK: THRE FIAST DATA LIN: IS GROU® 99, ALL FOLLOVING
4 REM ARE THI G(ROUPS ONE PER LIMT, & COUNTIMG It ORDER: GROU® 1 TO LAST

REM GROUP. EASCH PROGRAMN HMUST HAVE A DIFFEREINT 'DUMP FILE' Al WHEN
REM MORE TIAN ONZ PRIOGRAM 1S USED AT A TIME DIFFERENT FILES MNU3T 3B
REM ENTERED W HEN THE AUZSTION 1S ASKED: FILE NAME?

REM FILES ARE READ BY THS PROGRAM: READFILE

10 DIt AS(3) -~

11 DIM UCa00)

12 DIM V400

13 DIM (400>

la piM X400

15 DI Y<400)

16 DIM Z¢£Q0)

17 DIM 5¢400)

18 DIM #¢400)

19 DI TC27,10) 4

20 FOR @=1! TO 3 -

30 READ A5(@)

40 NEXT @

=W

50 DATA "RIGHT 0X","AUITE CLOSE","T00 F&R OUT"
60 PRIEGT"ES"‘AD", CO0DE 1S —i’\; SHER: 4587

- 66 RQA3=0

70 PRIMT

80 PRINT

90 PRIMTVFILEZ NAME"; '
92 IWNPUT F3

98 MAT READ T

89 DATA !:2)3)4:5;6)7:;!)9)0 »

DATA 1011, 10,111,110, -10,11,10,11

DaTa 10,111,125, 13,14510,11,12513,14

DATA 20,2152052%,! ’u,;ri,._‘],'j; A=

DATA 20,21 ,20,23,24,20,21 ,22,23,24

DATA 30-31,30,31,30,31,30,31,30,01

DATA 30,31.2%,33534,30,31:3%2,553.34- -

DATA 40,41,42,483,048,45,45,47,45,49

DATA A40,41,40,21540,4154 0541')'%0)41

DATA 40,415,82,43,4845,40,481 542,43544

DATA 50,51,52,53,54,55,56,57,58,59

DATA 60,61,62,063,04,053,66:67,68,69

DATA 70571572573 T4,75.76,77,78,7%

DATA 50,81 ,82,43,34,353,30,87,8%,89

DATA 90,%2,90,92,90,92,%0,92,90,92

DATA 90,91,52,03,94,90,01,92,93,24

DATA 100,101,100, 101,100,101,100,101,100,101 -
DATA 100,101, 102,103,104,100,101,102,103,104
DATA 110, 112,110,412,110,112,5110,112,110,112
DATA 120.:121,122,123,124,125,126, 1‘27;1401129

DATA 120,122, i20,122,120,122,120,122,120,122

DATA 120,1215122,123,124,120,121,122,123,124

DATA .1..30: 131,132, l33;1d4)135)136)137)i3&:139

&

DATA 110,311,311 25013,114,110,111,112,1135114 P L S



~J

1224
125
126
128
129
140
140
141
142
143
145
147
148
149
150
151
152
153
154
160
165
170
180
181
184
187
190
200
210
220
230
240
250
260
270
280
290
300
1208
1209
1210
1220
1230

1240.

1250
1260
127¢
1280
13500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610

1620
2100

2 WU

ERIC,

UATA 14U 141 5 1432, 1435 1841480514808, 107, 05,2049

DATA 140, {41,140, 14151400, at 140,141, 140,141

NDATA 140, 141,142,514 3: 1a—l~iv;-.lu)l/11;1“'3;}. -u)l N

OPEN 1,75, I0P3T

ORPEN 2, "RETA' ,O0UTPUT

FOR 8=1 TO 2000 _

GET 1:H1,LH2,3,HALHELHAL,HTsHY

BEM A=ADVISOR,SI=8TUDZNT,E=3R0UP, T=TASK»S=5C0RE, N1

RErM FILE BEING USED,21 & A2 ARE COUUTERS OF LITTLE VALUE,W3=THE

REM COUNTER QF TASKS FQOR THE STORAGE OF RESULTS.
IF 11=-123 TH=EN 180

aA=Hl1

S1=12

G=H3

T=sH4

S=HS

lNl=Hé6

21=H7

QR2=HE

PUT 2:A,S51,G,T,5,N1,01,32

N3=a ’

NEXT @8

CLOSE 1.2

Ni=dl+1

IF $3=*NO"'-GOTO 220

Q2=0

PRINT

PRINTYADV ISOR#F (COMMAY STUDENT#'"S3
INPUT A-S1

PRINT
PRINTUFILE "5 733" RECORD"; NI
PRINT )

PRIWT"Y HAT GROUP WOULD YOU LIKE":
INPUT G -

PRINT

IF 6=99 GOTO 1208

IF G<=0 GOTO 250

IF G>=27 GOTO 250

PRINT "~ '

a1 =9

PRINT"DO YOU WANT INSTRUCTIONS™S
INPUT 33
PRINT

IF S$="%0* . G0TO 3000

IF $S5<>'YES' . 30T0 1210

GOTO 1500, 15C0,1500 OW G-23

IF G=99 GOTO 2400

IF 0>=10 G0T0 2100

PRINT A
PRINT" EAC!i PICTURE IS A PROBLE#."
PRIGT'PLEASE POINT TO 4 PLACE Orf THE'
PRINTYPAGE WHICH IN YOUR OPINION IS
PRINT"THE CO3IRECT ANSWER. THE COMPUTER™
PRIMT"WILL TELL YOU UHZTHER TOU WERE:"
PRINTYRIGHT 0N TIE CORRECT ANSWER"
PRINTYCLOSE TO IT, OR"

PRINTY"T 00 FAR OUTY

PRINT

REM (THE COMPUTER WILL SOHME DAY TELL THE COnGECT
REMARK ‘ : '

GOTO 3000

PRINT

PRINTYTHE COMPUTER WILL ASK IF YOU ARE"
PRINTYREADY . AFTER ANSYWERING: YES'"
PRINT"TYPE TIE CORRECT ANSWER THAT"

=HECORD

ANSWER)

N

-

k.



215

2150
21790
2180
2190
2200

2210
9220
2240
2400
2410
2420
2430
2440
2450
2480
2470
2480
3000
3050
3100
3140
3280
3290
3300
3302
3304
3305
3306
3308
3310
3312
3314
3315
3340
3250
3360
3355
3370
3390
3400
3440

3450

3440
3470
3480
34¢0
3500
3510
. 3519
3530
3535
3540
3550
3560
3570
3380
35¢0
3500
3410
3620

I:R$()a

AN - LR B Akt Rt NN S NS LI e ’ '. —at kv lé"' et
PRI'"”COV“W"?R UIL‘ TIZLL fu WHETHER"

}}:""* ""ll r’l\‘y "' O'jll

PRINTY==>ENTER ALL POSSISLE YAY S~
PRINT '
GOTN 3000
PRINT
PRIMT™

I DROALENMS 1, 2, 3.
PRINTUPLES

R
SE POINT TO WHAT YOU 1n;r4"
PRINTTIS TIiE GCORRECT ANSWER. FORY
PRINT"ALL THE REST., .MSt TYPS THEY
DRIMT"AYNSY Eﬂ VOl THINK IS 2EST"
DRI[TYASTIR THE COFPUTER ASKS: READY™
PRINT"AN D YCU HAVE TYPED: YES"
PRIMT
REM END OF INSTRUCTIONS AUESTIONS FOLLOW
2=10
FOR I=1 TO N -
21=0
Gz=1
GOSYB 50000
vam'n"axoww

Nl=014+1
IJPJT 35 R

IF $5<>'YES*'.GOTO 3300
G0TC 3315,3315,3315 ON G-23
IF G<10 GOTO 3315

IFT T<& 30TO 3315
PRINT"WHAT DO YOU THINK THE ANSWER 18"
TwwdT 8%

0
XY

REIM

PRINTYANSWER™]

INPUT S : ' ’
No=024+1 .

IF S=4387 GOTO 3340

30TO0 37060,3440,3440 0N S

GOTO 3350

IF G<1!0 GOTOD 3700

GOTD 2705,3700,3700 08 G-23

IF T<=3 30TO 3700

FRIWT

PRINT AS(S)

DRINT .
PRINTYYIAT ANSVWERS ARE RIGHT O

IHMRPUT €5 -

Z21=1

GOTO 3700

REM END OF CYIJESTIONS, aUTO. FILL IN FOLLOUYWS
PRINT ’
PRINTYAU TOMATIC FILL IN"
PRINMT

S=4

GO5UB 40000

) o]

—

FOR €=I+1 TO N - | -

S=4

Q1=01+1
Ne=02+1

l,,:j-'“ .
GO5UB 50000 .

mAaSii Aannsan

CoiPUTER YILL THEN TYr-,Z THZ CORRECT ANSHE

Ui

=]

Ea Y

)



3640 MEXT @

3680 GOTNH 3#E00
3700 305Y3 40000
3704 SRINT:

3707 PRINT

3708 IrF Z1i=1 GOTG 3720

3710 PRINT a%(5)

3720 PRINT

3750 MNEXT 1

3760 REM ENMD OF LOOP THAT GIVLS THE GROUP!

3800 PRINT : :
3810 PRINTUYAREZ YOU DONE WITH EVERYTHING" —— e
2820 IiPUT $3

3830 IF S$='YES®'.GQT0O 4900

3840 IF $5='W0O* GQTO 3500

3850 PRINTYYES OR NO';

3860 GQTO 3820

-3900 FRINT

3910 REM 8Y FILLING THE FILE AFTIZIR ©E4CH GEOQP; NO MORE THAN ONE GRCU

3920 REN CAN BE .LOST BY 4 COMPUTER SHUT DOWN.
4900 OPEN 3,F%,0UTPUT

24910 OPEN 4,'BETA',INPIUT

5000 FOR 2=1 TO M3

5010 GET 4:1A,51,G,T,5,M2,01,02

5020 PUT 334,51, G:T;S:NB:Q[ 2802

5030 MNEKT @ C

5100 FOR 2=! TO Q3
5110 PUT 3:U¢2)
5120 PIT 3sv(@)
5130 PUT 3002
5140 PUT 3:X(2)
5150 PUT 3:7<(2)
5160 PUT 3:Z(2)
5170 PUT 15022
5180 PUT 3:#(8)

190 MEXT @ | |
5200 A,S1,G.T,5,N2,Q21,02=-123
5210 PUT 3:A4,51,G,Ts5,502,21,02
5250 CLOSE 3,4
5300 IF $3='Y=3' GOTO 39999
5320 Q3=0 :
5340 GOTO 128

39999 ST P S UBPROGRAMS FOLLOY

40006 &3=03+1

40100 Uu3r=a

480120 Vaar=s1

840130 w(A3)=G - oo

40140 XA3)=T(Gl,G2)

40150 YQA3>=S

A0160 Z(23)=N1

40170 $(23>=01

40180 #¢Q3)=02

41000 RETURN AFTER EACH TAaSK

50000 REM

50100 al=1

50200 IF G=99 GOTO 50400

50309 Gl=3G+1

=5700 T=T(Gl,GR) _
Eﬂ{U:DO RETURN AFTER SETTING UP THE RIGHT TASK NUMBER
R i EiiD

<z




LOAD C . :
READY e

2LIST
WHAT?

LIST

c $11:13 TUESDAY» MAY 30, 1972

0 REM FILES ARE RUN THROUGH A PROGRANM CALLED: STARTFIL

| REid 7O SET TéE FIRST DaTa SHTRY AT -123

2 REM THIS IS DOME TGO THE FILE CWLY BEFORE IT IS RUN FOR THE 1ST TIME

3 REM TO CHANG r A TASK: THE FIRST DATA LINE 1S GROUP 99, ALL FOLLOWING
4 REM ARE THE GROUPS ONE PER LINE, & COUMTING IN ORDER: GROUP 1 TQ LAST
5 REM GROUP. EACH PROGRAM MJST HAVE A DIFFERENT 'DUNP FILE' AND WHES

6 REM MORE THAMN ONE PROGRAY IS USED AT A TIME DIFFERENT FILES MUST 2E

7 REM TNTERED WHEN THE QUESTION IS ASKED: FILE NAME?

3

REM FILES ARE REZAD BY THE PROGRA!: READFILE

10 DIM AS(3)

11 DIM UCadn)

12 D1 v(4aG0),
13 DIM (400>

14 DI X400

15 DIM Y(£400)

16 DIM ZC400)

17 DIil $€430)

18 DIM #(400)

1¢ DI TC27,10)

20 FOR 2=1 TO 3.

30 READ As5(3)

A0 NEXT 2

S0 DATA "RIGHT QN",'AUITE CLOSE”,L,YTOO FAR 0OUT"™
60 PRINTVESCAPE CODE IS ANSWER: 43567

66 23=0

70 PRINT

8O PRINT

90 PRINTYFILE MaME'S

92 I1MPUT FS$S

98 MAT READ T

9% DATA 1,2,3,455,6,758,9,0 L.
101 DATA 10511,1C,11,10511,00,11,10,11

192 DATA 10,11,12,12,14,10,101,12,13,514

102 DATA 20,21,20,21,20:21,20,521,20,21

104 DATA 20,21,22,23,24,20,21,22,23,24

105 DaTA 30531,30,31,305315530,31,30531

106 DATA 3C,31,32,33.34,30,31532,33,34

107 DATA 40,481,42,483,44,45,46547T546,49

108 DATA 40,41,40,41540541,40,41,5,40,4]

109 DATA 40,41,42,435,448,40,41,42,43,44

DATA 50551,82,53,54,55,56,57,5%,59

DATA K0261,62,63,64,55,85:67,06,69

DATA TOLT1,b72573,7T4,753,T6,7T75785,7S

DATA S0,8L5,82,823,84,85,858.,567,88,89

DATA 90,92,980,92590,92,90,92,580,92

DATA 90,91,22,93,94,90,91,92,93,94

DATA 100,101,100,101,100,101,1C00,101.,100,101
nNAaTA 100,101,102, 103,104,100,101,102,103,104
DATA 110,112,110, 112,110,112,110,112,110,112
DATA 1105 111,112,113,114,110,111,112,113,114
NATA 120, 121,122,123, 1245128,1258,127,1285,129
‘DATA 120, 122,120,122, 12 q:ld"’:l?”»lﬁ'};’gq‘v 122
- DATA 1/0) 191; 1?2:1?\5)105)1"”;1?1)1 1)3."2"

A n e ev 4 e - .-~ “ .~ — ~ - - PN




124 DATA 140,141, 142,143,134,5,145,146, V47,145,149
125 DaTa 140,141, 140,14, 140,001 ,1480,1041,140,141
126 Dava 140,141,148, 1435144514 q\))':-i'il.’ 142,143, 1ad
128 neEy 1, F&, IMPUIT
129 QPEN 2, "GabiMA',0UTPUT
2C FOR 2=1 TO 20060
140 GET 1 :H!,HE,HS3,i4 ,HS, H3, 1 7 HG
141 RZv A=£DVISOR,LSI=3TUDEMT,G=GRAP, !—-Tﬁ" ¥ S-‘-‘SPOM B, =RECAOFRD # IM TH
142 REP FILE BEING USED,LQALI 2 Q2 ARE COINTERS 0F LITTLE YALUE,A3=TAE
143 REM COU:»}T:R OF TASRKS FOR TrhE STORAGE OF HESULTS. '
145 IF HI=~-123 THzZN 180 ’
147 A=H1
148 s1=H2
149 G=H3
150 T=H4
151 S=HS5 o
152 Nl=H5 :
153 Q1=H7
154 Q2=H3
160 PUT 2 Q;Sl..'ﬂG.’TJS.’f‘Jl:nl)—l
165 N3=2
170 [\JL.I\T @
180 CLgOSE 1,2
181 mi=nl+1 .
184 IF $5='NO'.G0OTO 220
187 Q2=0 s
190 PRINT : : :
200 DDIMT"ADUISO? (COMitA) STUDENT#"S
210 INPUT A,S!
220 PRINT )
230 PRIMTFILE "5 F33'" RECORD"3L
240 PRIVNT
250 PRIMT"Y HAT GROUP WOULD YOU LIKE'"S
250 IMPUT G
270 PRIMT
280 IF G=9%9 GOTO 1208
290 IF G<=0 GOTO 250
300 IF G>=27 GOTO 2590
1208 PRINT :
1209 Ql=0
1210 PRINTYDO YO WaNT INSTRUCTIONS'S
1220_ IN2UT 3%
1230 PRINT : S
1240 IF gs=1'20' . GOTO 3000
12530 IF 85<>'YZSY.G0T0O 1210
1250 G0OT0O 1592, 1500,1833 ON u-93
1270 IF G=9% GOGTO 2400
1280 1F G==10 GOTO 2100
1500 PRIYT ,
1510 PRINT" EACH PICTURE IS A PROBLEM."
1520 PRINTYPLEASS POINT TD A PLACE O THE"
1530 PRINTYPAGE W HICH IN YOURX CPRINIONW IS*
1540 PRINT"THE CORRECT ANSWER. THE COMPUTER'.
1550 PRINTYWILL TEZLL Y04 "..:{:‘JT}.IER YOU YERE:"™
1560 PRIMTYRIGHT ON TiHE CORRECT ANSYWERLY
1570 PRINTYCLQOSE TO IT, CR" i
1580 PRIWTYTOO FAR 0UTY
1390 PRINT
1600 REM (THE COMPUTER WILL SONME DAY TELL THE CORRECT AWNSWER)
1610 REMARK
1620 GoTo 3000
?100 PRINT
TOPRINTYTHE COMPUTER YILL ASHK IF Y0OU ARp
[RJ(: PRINTUREADY. AFTER ANSWERING: YESY
PHRIVITYTYPE THID CORRECT :

oy

-




2!54
2140
2170
2150

2190

2200
2210
2220
2230
Z240
2400
2410
2420
2430
2440
24590
2460
2470
2480
3000
3050
3100
3140
3280
©.3290
3300
3302
3304
3305
3306
3308
3310
3312
3314
3315
3340
3350
3360
33468
3370
3390
3400
3440
3450
34530
3470
3480
3490
3500
3510
3519
3530
3535
3540
3550
3550
3570
3580
3590
3600
3610
Q 30

ERIC22

Aruitoxt provided by Eric:

du2d

PRINT
C -

D e

GQSUB 40000
FoR €=I+1 TO N
S=4 . :
A1=01+1
Q2=02+1

GR=%

GOSUB 50000

PRINT' ro JJT‘ MILL TELL YOU WHETIE .
PRIGTYCQD WERE RIGIT 0 -
PRIUTYGUIITE CLOSS, NRY
PRIVNT"T G0 rA? 0T o
REM(THE CMIDUTER WILL THEN TYPE THE CONREDT
REM
REM
PRINT"~=->ENTRR ALL POSSIBLE WaYS<--t
FPRIWNT
GOTO 3000
PRIMT
PRINT™ FOR PROSLEMS 1, 2, 3%
PRIMNTVYPLEASE POINT TO WHAT YN THIr
PRINTIS THE CORRECT ANSWER. TFO0O3Y
PRINT™ALL THE REST., JUST TY2E THE"
PRIMTYAMSYER YOU THINK IS 3ESTif
PRINMNTYAFTER THE COMPUTER ASKS: READYY
'éPIM""gND YOU HAVE TYPED: T8
PRIMT :
REm END OF INSTRUCTIONS QUESTICOWNS FOLLOW
1N=10 o
FOR I=1 TO N
Z1=0
c2=1
GNSUB 50000
PRIMT T3YREaDpy':
A1=01+1
INPUT 55
IF 33<>'YES5'.GOTO 33090
GOTO 3315,3315,3315 0N G-23
IF G<10 GOTO 3315
IF T<4 G0TO 23315
PRINTUMHAT DO YOU THINK THE AMNSWER IS"
ILPUT 85 '
PRINT
REM
PRINTYANSWERY;
INPUT S
A2=n2+1
IF S=4347 GOTO 3540
GOTO 370D,3440,3440 O 3
GOTO 3350 '
IF 5<10 GOTO 3700
GOTO 2700,3720,3700 OW G-23
I¥ T«= 23 GOTO 3750 o
BRINT
PRILT 45852
PRINT
RINT"WHAT ANSWERS ARE RIGHT ON"
IVPUT 6%
Zl=1
FOTO 3700
REM EWD OF QUESTIONS, AUTO. FILL IN FOLLOWS
PRINT : '
PRINT"AUTOMATIC FILL InN"



3630 GNSUB 40000

3540 MNTHET 8

23653 c0TG 3300

3700 G030 40000

3704 PRINT

3707 PRINT .
3708 IF Z\i=! GOTO 3750

3710 PHRIUIT A5(S)

3720 PRINT

3750 MEUT 1 )

3769 T EiD OF LOOP THAT GIVES THF GROUP!
2800 PRINT

3816 PRINTYARE Y0J DOWE YITH EVERYTHING"

3820 IRPUT 3% ’ ) ' -
3830 1IF 35='YRES'.GO0TO 4900
3840 IF $$='NJ'.GOTO 3900
3850 PRINMTYES 0R HNO"}
3860 GCTO 320

3900 PRINT

3910 REM! BY FILLING THE FILE AFTER EACH GROUP, NO MORE THAN ONE GROU?

3920 REY CAN BE LOST 3Y A COMPUTER -SHUT DOWNe. ~—
4900 OPEN 3,FS,0UTPUT

4910 OPEN 4, 'EAMiia , INPUT

5000 FOR =1 TO N3

5010 GET 42:2,51,G,T»S,12,01,02

5020 PUT 3:A,S1,G,T,S,N2,21,Q2

5030 WEYT 2

5100 FOR @#=1 TOD Q3

5110 PUT 3:U(¢8)

5120 PUT 3:V(3)

5130 PUT 3:9(2)

5140 PUT 3:%(2)

5150 PUT 3:¥(¢3) :
5160 PUT 3:Z(@)

5170 PUT 3:5(2)

5180 PUT 3:2(2)

5190 HEZXT 2 -

5200 A»S1,GsTs»S,M2,N1,0N2==123
5210 PUT 3:4,S1,G,T»5,02,21,22
5250 CLOSE 3.4

5300 IF 535= *YES' .GQOTQ 39999
5320 A3=0 '

5340 GOTO 128 )

39999 ST(CP SUSPROGRAMS FOLLOW
40000 DN2=13+1

40100 J¢33)=Aa

40120 Y(QA38I=81

40130 W(a3)=G

40140 XCQ3)X)=T(G1s. G2

240150 Y{(23)=58 ST
40160 Z(n3)=n1

40170 ${(RQ33x=01 o
40180 #(A3)=92 S e
41000 RETVURN AFTER EACH TASK :
50000 REM .

50100 Gl=1

50200 IF 6=%9 GOTQO 50400
50300 Gl=a3+! . »
50400 T=T(G1l,G2) .

Q500 ESTURBN AFTZR SETTING UP THE RIGHT TASK JUMBER

ERJ()99 END

IToxt Provided by ERI
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Ted Hommel.

GRAF/PEN

,,qu}usés for the "graf/pen"
1) The "graf/pen" can be used to present graphical input to be used with
a plotter. This would be as a programmer's aid. Many shpaes can not be
described by a mathematical equation and Qould reguire & programmer to
draw the shapes on a large piece of graph paper and then record all the
coordinates. Thg time using graph paper would be tens of hours for
anythigg but the simplest drawing. The same done by a "gr%f/pen" wouid
be ten to twenty minutes (that includes set-up time).
2) The "graf/pén" can be used by students to mark answers and solutions
on graphical material, have their answer evaluated by the cdmputer, and the
eveluation typed on the terminal next to the "graf/pen" unit. The student .
would need to push the return key (or something that would send the return

key dode) to signal the cormputer that the: answer is ready for evaluation.

The computer would not be needed to present material because the "graf,en"
microphones can be mounted on frosted glass allowing préggction of material
from behind. The vest arranrement is to use a plotter ind the graf/pen

.together. This allows tne st#dent to work almost non-verbally with the
computer. The computer presents the material with the plotter and the
student answers with the graf/pen.

Three prégrams were written to evaluate the gréf/pen. One program
repeated the patterns’drawn on the graf/pen tablet. Twoc others evaluatsgft_;m

|
points. Of those two, one evaluated a square tarfet of three areas (ie!l

)
I{I(}d one evaluated a round target (ie . ). -

IText Provided by ERIC
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The second of the two allcwed a choice of the number of boundaries.
th allowei the target to be moved and the boundaries to include any

specified area.

ERIC
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