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Abstract
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Student control of learn£:§ is interpreted as student self-
teaching, and a plan to. give studeéts teacher training is outlined.
The first séep of the plan is Self-Management inghich students are '
given a strategy for curriculum decision-making and have the
re;ponsiﬂility for applying.fhat strategy. Tvo different iqteractive
computer programs were included as iﬁstructional alternatives within
the SelffManaéement System on the rationale that computers are

Y

responsive yet sgill under student cont¥ol and are therefore uniquely

- /

&\\~\ adapted for self-controlled learning environments.’ Students in)
fourth ard fifth grade were able to effectively manage their learning

in elementary mathematics anhd apparently learned faster and retained

material better ?han than a comparison group of students.
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"Self-Managed Learning Using CAI

. Teaching of any specific knowledge content or set of skills
involves a large number of decisions concerning sequencing of material,
mo.c of presentation and diagnostic evaluation. There has been °
increasing {nterest recently in taking these teach;ng decisions out of
the hands of the school management and putting them under control of
the students themselves. The povgible benefits of such student control
are several. The sthdent is in a position to have more relevant infor-
mation about his or her state of learning than aﬁ&one~e15€ ana thus,
might be expected to make better decisions. Allowing students to con-
trol certain aspgcts.;f instruction frees the teacher to perform cther

~

more essential duties. ,The student who acquires the ability.to control
his learning in school ;ill be better ecuipped to face learning
situations independently outside of school. Finally, allowing an
individual to control his or her ;wn activities and achievement, rather
than give uvuch control to a higher authority is more consistent with
the standards of our freg soclety.

Unfortunately, when students are allowed to teach themselves the .

. .

result is not always a positive learning outcome. Fo; examples,
Fry (1972), Atkinson (1972), Olivier (1971) and Judd, Bunderson and
‘Bessant (1970) all found significantly inferior performance with

{ngtruction that was under Yearner \control. It is perhaps not surprising

that the ability to teach, an ability which schools of education spend
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f our or filve years inculcating, does not appear automatically in naive

students. Although not surprising, it {s disappointing that the cholce
appears to be between student controlled instruction and effectlve
insttuction:

Some experimenters, however , have shown positive butcomes for

student—-controlled instruction (Grubdb & Selfridge, 1964; Newman, 1957;

e

Campbell & Chapman, 1967) . The distinguishing characteristics of these

successful examples of student control seem to be highly able and

<

motivated students and non-student controlled teaching alternatives
" which are mediocre and uninteresting (see Judd, 0'Neil & ’‘Spelt, 1974).

" In other words,‘because the students were interested and of generally

high aptitude and because the alternative “teachers' were not very ;

competent, the students out- -taught the system and were better ‘off.

—

controlling the instruction themselves. Lf the best available, teacher
{s the student, then student control produces the best learning.

Resolution of the dilemna between ef fective instruction and student-
:ontrolled {nstruction then would seem to be accomplished/by training
stadents to make better {nstructional decisions, that is, to be
better teachers. A study by Campbell supports ‘this speculation in that'-
only students who were shown how to use the target instructional
materials derived benefits from controlling their own learning‘
(Campbell, 1964). A studenl trained to teach nim or herself might be

expected to produce U@tter learning outcomes than a similarly trained

external teacher bécause of greater tim~ for and interest in the teaching

task and greater knowledge about the state of the learner.




s+ The study reported here is a test of a procedure to teach elementary

>

schooi students to make detailed ins;chtional decisions, ané thereby J
contFol.theirrown ea;ning,‘in maéhematiés. In one unit of instruc-

¢ tion, students were gi;en a detailed set ~of rules to be used to guide

instructional decisions. They then applied these rules to guide their

. own progress through the unit: In this way, students did not actually

¢

control their instruction, but using the gxpgiimgntally imposed rules

tﬁey managed it. The immediate goal of this study was'to determine .
( ) {f students could consistently and effectively apply reasonable
teacﬂing strategie; in making instructional decisions; The long-term
goal of this line of researcﬁ is to use this Self-Management as an
{intermediate step in training students to effectively control their
- own learning.

-

Instructional self-management in this study involved combining and
{
sequencing three alternative learning modes in order to acquire a set
of well-defined objectives. Rules for selecting among the different

possible'modes were based on measured student ability and on previous

training. Two of tﬁ% available instructional alternatives were inter-

- 4
]

active coﬁputef programs. It was hypothesized that some of the special
properties of computer {nstruction would prove especially beneficial
in developing student independence.

One of the difficulties confronted in bperationalizing learner
control is fhe normal educational procedure which makes important aids

4
to learning available only if control is surrendered to an external

agent. ReSponsiveness to student behavior, demonstrations of difficult

. -
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procedures to be learned and diagnostic evaluation of performance are
N ”

important characteristics of effective education, but thei are normally
avaiiable only through i#ter;cting with a teache; who tends to define
and control the instruction. Computer programs,“on the other hand,

can offer some of the features of'regponsivenésé, diagnosis and

A

demonstrativeness without demanding control‘over the interaction. A
computer program is calleé at will, does what 1t.is ;old to do, ;an be
ignored and can be turned off at the student's pleaSure.‘ Human teachers
have none of these characteristics. It is in-thif role as genie, pro-
viding crucial learning services at the will of the masgter student, that
computers might be valuable in learner-controlled ﬁ;;::::tibn. ,
in summary, elementary school students were given a set of systematic
rules which they used to managg rheir instructional progress ;hrough a
unit of a maLhematics.cuzriculum. These tules determined when each of
three instructional optlons @ould be usgd; Two of these options were
{nteractive computer programs which were'designed to provide tﬂe
informative, graphic responsiveness important in learniﬁg, yet be under
tudent control. It was hxpothesized thaL this éelf—Management system
auld be a feasible step in develéping procedures for teaching students

to effectively control their own lea;ning. The eventual goal ig‘to

obtain thé advantages of student control without sacrificing efficiency

in learning.

‘+

Method

Instructional treatments. Unit E Multiplication of the Individually

Prescribed Instruction curriculum (IPI, Lindvall & Bolvin, 1967) was

A}
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selected as tfie target unit for Self-Management. The unit is divided
into seven separate 6bjectives. The first four objectives develop the
algorithm for multiplying multi-digit factors, culminating in objective
four in ;hich the student is called upon to multiply two digit numbers

by four digit qumbers. 6bjective five uses the cogmq}ative principle
as a basis for an answer checking procedure, and ;bjective six con-
sists of procedures for finding products'of more than two factors. (
Objectgvefgeven covers verbal problems and was not .included 1in Self;
Mdnagement, D)
Three instructional treatments were used in the Self-Management;
system. The fifst was the standard set of IPI curricular materials.
The;e are werkbooks, one to an objective, which use a programmé&

{nstruction format to lead the student £rom his or her entering knowl-
) x

.

edge level to the expertise required to master a test Oyer the objective.
The bookleté are not meant to be single coheéent instructional sequences.
Rather, it 1s int;nded that parts of the total material be effective in
{solation and teachers are encouraged to assign only the pages that
will be helpful for an {ndividual student. The booklets are used
independently by the student without teacher intervention.

The second treatment in the Self-Management systém was an inter- -
active computer program which provided practice probléms from the unit.
A problem was presented at the computer tefminal, the student computed

\ .
an answer and typed it into the machine. The program then informed the

e

S }
student whether the answer was correct or incorrect. If incorrect, the

-

program erased the student's wrong answer and “demonstrated" the correct ;

8 ,
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solution in its place. This deaonstration consisted of a presentation
sf each step of the solution in the correct order and with realistic
timing, much as a teacher would demonstrate a solution on a blackboard.
After answer feedback a new problem was presented. If the student
provided correct answers, the program.branched to more difficult prob-
lems in the unit and ifﬂthe student gave incorrect answers, the program
branched to prerequisite problem types. Although?this branching strategy
was logically complete, and.could opera&e without human assistance, it

. could be over-ruled by the student through am. option which allowed the
student to choose for practice any objective in the unit, whether or not
the program strategy would have selected it: The structure and termi-
nology used in the practice progfam matched that of the IF{ unit.

The third instructional treatment was a computer progran which
brovided the answer demonstrations sepavate from’practice ané completely
under s;udent control. After accessing the program, the student,
specified the type of problem solution that he or she wished to be
demonstrated. The program then requested numerical input to define a
problem of the type requecsted. .OnceJthe student specified the problem,
the program completed the sol;tién using the same'demonstration
routines as the practice program. A new problem could then be »
specified by the student.

;rocedure. Students entered the Self-Managemen{ system When they
reached the E-NMultiplication Unit in their own individual progress
through the curriculum. Upén entering the Unit, students took a pre-

.

test over each ubjective within the unit. Objectives not mastered were

9




then studied using the Self-hanagement system. Rules for Self-Manage-

h explained which of the

ment were described in a set of charts whic

three instructional treatments was appropriate at each instructional

An example of one of these charts is shown iﬁ Figure 1.

decision point.

These charts identified certain decision points at which time &

4 ’

new instructional treatment could be selected cr instruction in an

objective could be terminated. . These decision points occurred after the

pretest and after sessions on the practice program. At thege points,

information 1is avallable ie terms of the cqrrect answer rate for

|

an?“this information can be the basis for

problems from the objective,

The general strategy underlying

decisions about further instruction.

these rules was this: low skill, as indicated by a low accuracy rate,

¢t instruction of the IPI booklets; intermediate

called for the direc

gkill levels called for the morxre {nductive learring which was the aim

and high skill (i.e., high accuracy) was

a

of the practice program;

grounds for advancing to the next skill.

<

1® the student missed greater than '50% of the prob-

« Specificaily,

he or she was directed

lems seen on pretest, or practice session,
4 i

toward a short workbook assignment and/or work with the Demonstration

program. ~The student then returned to the practice program and if the

failure rate was still below 50%, a longer workbook assignment was

indicated. If'ﬁerformance on pretest or practice was greater than

50%, then thg\gtudent was d{yected to continue on the pra

and finally if pérfcrmance was greater\jhan 80%, the student was

directed to proceed to the next  objective.

ctice program,

-3 1.




After the unit pretest and before instructional work begah, each
studeﬁt was given - 10 minute orientation.segsion with the experimenter
in vhich/the Self-Management system and use of the prescription charts‘
was explained. Students then bEg;n work. On the second instructional
day the experimenter reviewed the Sélf-Management procedure and gave
the student “an opportunity to ask any questions that ﬁight have arisen_

[} N -
on the first day. This review session also required about 1( minutes.

, .

From this point on the student worked‘throygh the unit independently, .
self-prescribing instructioﬁ using the management charts. Students
met with the experiment:r periodically, at which time the experimentef
examined, but did not comment upon the ingtruction which the student
had selected. ‘

All student‘work in the school, whether under the Self—Managemént
system or not, was self-scheduled such that each sgtudent dete%minéd how
long he or she would work on assigq?ents in mathematics, reading;'
science and spelling (Stone* & Vau%han, 1975). ihe amount of time spent
in £he Self-Management system, however, was artifically reduced somewhat
below that spent on other mathematics ;nits. This was due to a
restriction placed on terminal usage which allowed a ainé?fp;tudent no
more than 20 minutes a day on the computer as opposed t;'the average of
40 to 50 minutes spent in mathematics in general. This reduction, in
possible_time spent led teachers to make two parallel math assignments --
one Self-Managed by the student in tﬁiiE-Hultiplication unit and one

teacher manaéed in another unit. Thus, often Self-Managed students were

working in two areas of mathematics simultaneously.

TR "
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At the end of the school yea; a rgteption test which paralled the
.E-Multiplication unit posttest was given to students who had completed
the unit either in the Self-Management systém or under teaché} guidance.

Suvjects. The Self-Management system was made avaiiable to all
comers’ in éne fourth grade classroom and one fifgh grade classzoom of a
suburban elementary school. Students in this school are at or:slightiy
above natibnal norms for mathematics achievement. Fcruxrteen fourth
graders and 5 fifth graders completed the unit using the Self-Management
. system. Five fourth gfaders and 4 fifth graders completed the unit '
under the normal tea;her prescription procedxrés. Thece students failed
to use Self-Management efther because they mastered the unit early in

the year, before the Self-Management system was available or because

tﬁéy began the unit when the experimenter was unavailable for orientation.

Thus, the Self-Managed group can be compared against a standard instruc-

tion group of students, but assignment to groups was not experimentally

controlled and equivalence of the two should not be assumed.

—

Results
Self-Managemen* operated sm;othly'with little evidence of éelays
or problems. Students were able to follow the charts and coordinate thé
different instructional alternatives. The only general com%laint from
teache;s wag.that assignments for students in Seif~ManagemenF éere not

time consuming enough to keep the studehts busy. One 3tudent was denied’

/7

access to all ccmputer work, and therefore, removed from thﬁ Self-Manage~
, when it became clear that his trips to the comther terminals

-~

ed as opportunities to roam around the school. Only twice were

47
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failures in the application of the Self-Management rules detected. In

beth cases etudents‘deuermined that theyjhad finished work on an

- .~

objective before the rules would have so specified *
~ By way of comparing the ability’ level of the Self-Managed and the -
standard inst;uction studenks, the average number of target objectives
failed on the pretest was computed for the twe groups. The figures are
almost identical -- 4,2 skills for the Self-Managed students and 4.3 for

the standard instruction comparison group -= suggesting that the two

N

groups wvere compaiable,in their pre-instruction knowledge of unit

material. «

Averages for the number of days required to complete each unit

objective for both Self—Managed students and the comparison greup are -

,shown in Table 1. With the <xception of skill 4, it is clear that the

Self-Management students required no more instructional .days to master

the material than the standard- instruction students. Averaging across

all objectives, except number 4, the Self-Managed students‘required 1.4

r
* days to master while the comparison group took 1.5. Given the strong,

but unfortunatsly undocumented, indications that Self:Nanaged students
were spending less time daily on mathematics, the equal number of days
per skill suggests that the Self-Management gystem producad mastery in *
less inst;uctional time tharn did the standard instruction. Et
> Objective 4 is an exception. HeregSelf-Managed students required
} more days and probably more‘instrecéional time to master than did the
standard instruction. The target of this gbjective ig the algoriehm
fof multiplying a two digit number time a’four digit number; the-nost

e ‘

g




complex operation in the unit.- Examination of individual prescription

protocols for this objective indicated that the §e1f-Hanag;d students
tended to spend several days on the practicé program, getting more than
half'of éhe pgﬂﬁifms correct, but still failing to meet the completion
criterion. Only 4 of 11 students prescribed long booklet assignments
for themselves. The standard instruction group, on the other hand,

1 were) assigned exten;ive booklet work and met the mastery criterion
immediately after this assignment?

ﬁ;d-of-year retention tests were a;ailable for 15 Self-Managed

students and 5 standard instruction students. The percantage correct
on thesé tests for each target objective and for all objectives is
given in Table 2. Since students mastered the unit individually through-
out the year, the period between mastery and retention test is different
for each student. The average length of this period for Self-Managed
students was 38 days, for standard instruction students it was 107 days.
Table 2 indicates general high retention for both types of instruction,
with the Self-Managed students rememsefingfsomewhat more than the others
across all skills. It ghould be noted that the greatest retention
difference.favoring Self-Management was on Objective 4, the objective

>

which"reguired more time to acquire in Self-Management.

3

Discussion
The effort reported here is only a small part of a.program to
develop self-teaching students. What has been shown 1is that students

can consistently and effectively follow an instructiomal strat;gy on

/ 9 - \.
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fheir own, without outsidg-assistance. The result is an acquisition
rate as high, cr perh;ps higher, and retention as good, or'perhaﬁs
better, than that of tedcher controlled instruction. Since the

teacher controiled instruction and the Self-Managed system differed

in several ways (such as, usé of'qomputers, preséription rules used,
person responsible for making prescriptions), this study does not allow

an exploration of the mechanisms involved-in suc2e§sful Self ~-Management.

. .

Nevertheless, this work does serve as.a feasibility demonstration, tﬂ;t
elementary students can manage their own learning. .

Self~Management 1s ;Iéwed as the first of perhaps four stages in
the apprenticeship of self—teachérs. The second stage 1s the under-
standing of the general,‘conceptual rationale for specific instructional
procedures. For the procedures used in the present Self-Management
system, for example, this would mean knowing in general that practice
as a learning experience is more effective when some minimal level of
skill has already been attained and that below this level more direct,
expository instruction will be more efficient: This g%neral grasp of
what might be ca%}ed the principles of teaching is the basis of the
third stage of the apprenticeship -- the application of the principles
to new learning problems; At this time the student is faced with new
educational goals and must derive a specific learning strategy based
on his or her understanding of éeneral teaching principals.

Finally, at the fourth stage the student becomes a journeyman
teacher and has what could indisputably called kpowledgeable self-

-

.
control over learning. At this stage the student 1s able to !

o

,/ B e /
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systematically manipulate the teaching principles to suit his needs.

-

Flawless formulas for teachingggo not exist. The good teacher,
including the good self-teacher, must creativgly apply knowiédg? from
past experience to confront new problems and must carefully Bbsérve

the effects of tent;LiVe solutions in order to improve the knowledge
base. Self-Managed learning of the fourth objective of the E-Multipli-
cation unit illustrates the kind of adaptiveness good teaching requires.
Here the generally effective strategy for organizing instructional
treatments produced delays in learning. Wlth such a negative outéome,
it would be expected that the good self- teacher would adapt the general
sérategy for future use, perhaps by always treating very complex skills

~——

with direct expository instruction first, or by adjusting the accuracy

.

threshold for movirg from expository instruction to practice upward

from 50%.

This discussion of the developmeht of student-controlled teaching
is highly abséract and optimistic. It i? not at all cfear-hqw to
induce the high-level abilities represented by stage four, nor is it
clear that even professional teachers often perform in s?ch a way.
However, being less ambitious, it is possible to considér concretely how
the Selr-Management demonstration cohla be extended. After the student
has become a Self-Manager, instruction in gengralizabl; principles of
ihstruction can begin. It 1is proposed then, that students be taught
the role of expesitory instruction, of demonstrations, of practice and
;he reasons why these different’ treatments are F;ranged as they are 1in
the Self-Management System. The importance of an accurate asgessment

of ability must also be taught. (v !

KD
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- Tﬁ‘{h% abstract it would be very difficult to teach these matters -
in a meaniﬁgful way, Bht to a student who is already self-managing,
the material is‘immediate and concrete. We are presently developing
“\\instruction which uses the Self-Management system as a base and directs
N .
Eh;\studeﬂt to such questions as "Why should you use the practice
program here?" 'With this score on the pretest do you't§}nk an IPI
- . booklet or the practice program would be best?" A test of the
effectiveness of this in§truction would consist of allowing® students
_complete f;;:hom {in controlling their instruction éver a new portion

of the curriculum. The hypothesis entertained is that students who

_ have experience in Self-Management and have explored the rationale of
the system will attack a new learning proﬁlem differently and more
effectively than students without such experience.

Finally; {t must be acknowledged that no evidence was obtained
in this study to support the hypothe;}s that the responsive nature
of CAI makes it an important component in successful student manage-
ment. A test of this propos};ion would require a comparison lof
é% Self-Management with and without computer experiences &s instructional
« alternatives. Such a test could easily be made and would be valuable.
In sumwary, we feel that learning i?ich ig student controlled has

both intrinsic value, and potential extrinsic value arising from the

<

—
’ﬁggter more efficient learning that can result from ﬁ}udent control.

!

The student. 1s in a pesition to have more motivation and more knowl- .
~ E}.

edge relevant to his or her own learniang than. any otﬁer individual

. -
and therefore, can be the best. teacher. Effective self-teaching,

ERIC . 17 N
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however, cannot te expected ‘to occuy automatically without training.

We propose a type of apprenticeshif in which the student is trained

. /
to assume successively more responsibility for -his or her own learning.

This study represents a successful first step in this training pro-

cedure.
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Table 1

18

Average Number of Instructional Days Required to Compiete Objectives

I'4
in Self-Managed Instruction and Standard Instruction

Objective
Self-Managed.
‘q,- 20 °
%
.Standard
n=9

1

© 1.1

2.0

2

1.5

1.7

3

1.9

1.0

—

1.6

[

wl

5
11.6

1.6

6

1.3

1.0

Total
Total Without 4

1.8 %.4

1.5 1.5
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Table 2
Percent Correct on Each Objective on End-of-Year Retention Test for

Self-Managed Instruction and Standard Instruction

¢
Objective 1 2 3 © 4 S 6 Total
Self-Managed 100 .96 97 88 97 91 95
n=15 .
Staﬁda‘rd 97 90 77 67 97 80 84
, =5 .
v
— . ‘
"\ ,
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- Figure 1
Chart Used by Self-Management Students to Guide Decision-Making
in E-Multiplication

4 $

E MULT. . PRESCRIPTIONS
. ! ‘
SKILL 1 ,
Look at your If you Pretested out . P
Pretest for of Skiil l =3y go on to Skill 2
. Skill 1: ® )
| S ’
! If you have more {f\
Ef Correct than Incorrect e go on P.MULT on
Skill 1 for two
. sessions
f . ' )
If you have more .
Incorrect than Correct Do pp. 2 & 3 in your
Math booklet; then
go on P.MULT on
. Skill 1 for two
) session.
Use only when you first|start
working on Skill 1. L \

Look at how well
you did on P.MULT: 1f you passed Skill 1
! on the computer

v

go on to Skill 2,

do not take a CET
yet, unless you have
pretested out of 2.
If you presteted out’
of two, take CET for

Skill 1
’
-}'
. 1f you have more . .
Correct than Incorrect esmssy go on P.MULT on
. ) ~ Skill 1 for two
gesgions.

If you have more
Incorrect that COTrrect mmemm=3 Do pp. 1-8-in'your

W ' Math booklet: then

go on P.MULT on

Skill 1 for two

sessions.

Keep using these prescriptions .
until you pass Skill 1t \




