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-self-directed learning system was developed. The improved system

of learning: efféctive learning, selective learning
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Self-directed learning is that’ type of learning\uhicﬁ 1s not
structured for the student by an imstructor. Instead, the: student
must structure his learning himself by -making decisions gbout. which .
materials are relevant to his learning goals, which materidls. reduire e
the prior understanding of which other materials, ‘dnd so on. A 2
computer-based system has been developed to train students in this
type of learning. ,

A revised system based on_an earlier version of a computer-based

described herein contains features designed to make it easier for s§f
to use. °In addition, pedagogical features pf the training systeqgn
been improved, to give students an opportunity to learn the sy

completely. T

. \
[]
An experimental test of the fmproved system was desigaf to separ-
ate out the effects of training in seif-directed learniggf from the use

of the syptem itself. Data were collegted on four diffirent measures
P1ahning, and
there were no

performance data

verbal report. ResLits of the experiment found tha
significant differences among treatment groups 1ng
(the first three learning measures), eventhougii®ne of the experimental
groups outperformed the other groups in every g#8sure. On the measure
of verbal report, however, this experimental 4

goup performed signifi-
cantly better than did the CQQ::iI‘f:ojp; ¥ 4 _
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for the student by an instructor. Instead, the student must structure his
learning himself by making decisions about which materials are relevant to
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_ . A revised system based on-2n earlieggyersion of a computer-based
‘self-directed .learning System was devel . The fmproved systém described
herein contains features designed to make it eacier for students to use.
In addition, pedagogical -features of the training system have been improved,
to ‘give students an opportunity to learn the system completely. .

.

An experimental test.of the improved system was designed to separate
out the effects of training in self-directed learning from the use of the
system itself. Data were collected on four different measures of learning:
effective learning, selective lgarniqg, planning, and verbal report.

Results of the experiment found that there were no significant differences

. among treatment groups in the performance data (the first three learning
measures), even though one of the experimental groups outperformed the other
groups im every measure. On the measure of verbal report, however, this

4

experimental group performed significantly better than did the control
group. A )
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1. SENTRODUCTION S

Self-directed learning is that learning which the.student'direct;,
himself; that is, no structure is tﬁposed oe his 1e9rning externally.
This type of learning is found in many.bn-the-job learning contexts in

. which a worker must make his own dégisions about just what imformation
will help him solve the problem, but he must not waste his time reading_

s .
4 irreleant information. He must also structure his learning in such a

if he encounters unfamiljar concepts, he can locate the prerequf!
Mformation he needs to understand those concepts. Seif-directed
1earn1ng thus d1ffers dramatically from the tyée of 1earn1ng that goes
on in the classroom, in which an instructor is available to direct the
¢ student's learning: Obvious]y, skills and strategies necessary for sé€lf-
' ditect?d'learning are seldom if ever taught in the classroom.

We have developed a computer-based self-ditected learning system,
de;cribed in Munro, Rigney, and Crook (1978) and in Rigney, Munro, and
Crook (in press). Those reports described an early version of thie e
system and the results of a pilot exper1ment us1ng thé system. Tﬁis \
report will d1scu£s a rev1sed version of the system and the
larger experiment. .

In the piTot experiment, some of the subjects used the self-directed
learning a{d in solving a complex problem, while the other (control)®subjects
used a simplified version of the learning aid which did nat include any ‘

of the self-monitoring features of the complete Aids system (described

.
.

be]ow). (In effect, the control system is nothing more than a computer-

-

based Book; as soon as the student selects a title fm the table of contents,

‘ ) ¢

-
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he is shown the corresponding 1nformation ) Data were kept on. subjects

in both the experimenta1 and control groups while tgey solved a comp]ex
learning task. Various measures were taken, such as time required to solve
the task, the number of errOrQ’/—de. and several measures of se1ect1v1ty
and p1anning( Results !howed that wh11e there were no 51gn141cant dif-

ferences between the groups, the experimenta1 group on the whole performed .

°s119ht1y better than the control group More importantly, however,

experimenta1 subJects at-the low end of an ability scale (as merured by

the Ne]son-Denny test of reading ability) performed better than contrdl

¥

subjects in the same range. It was therefore concluded that the self-
directed 1earn1ng Aid helps students who are poor readers to a greater
extent than it helps students who are good readers. the results of this
experiment and verbal and written comments made by the subJects suggested
certain improvements that could be made both in the automated learning Aid
and in the training program that accompan1ed jt. Fhese improvements are
incorporated into the current ver§{6n of the Aids system.
| The self-directed learning Aids system consists of the fol1ow1ng
“pages" or-areas of the computer program:
-TASK page: contains a stetement of the s‘udent's learning
task *
, . OBJECTIVES page: allows the student to break down the task
into a set of sub-goals, called objectives
CONTENTS page: contains a list of the tit]os of informatioo
sources available to the student )

RELEVANT CONTENTS page: 1lists only those titles that

the stodent has selected as relevant to the task.

1i -2 .
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N ',;- F}6m any one df. these pages, the stydent cam go to any of the others as
-he wishes; rather than following & strict linear order through the
program, t;e student 1s.free to move. around as he deems necessary. Each ’
page has 2 number of-functions wh1ch the student may use while on that T
- 'page For example the RELEVANT CONTENTS pageJists a]l those t1tfes "'; :
information sources that the student has selkcted to read From th1s page
the student may elect to read one of these infprmation sources, ggeck it
_offvif he feels it really is relevant to his fearning task, X it offiif )
he feels it is irrelevant, or express dependéncies betweenitwo information
sources (that is, state that one source should be read before the other).
— The current version of the automated Aids system differs from
that described in Munro, Rignev, and Crook (1978) in a number of ways
New functions have been added to some “of the pages, the goal stach has
-~been extenS1ve1y rev1sed, and the match1ng seetion has been eliminated

-~ /

a]together Previous]y,.students were a110wed to proceed in eithe¥ a

conceptua]]y driven (top- down) or data-driwen (bot up) fashion,
s /q

although the system more eas11y provided for the latter That is, students
would select a t1tTe\and then be asked in the matching sect1on to decide

| §
which 0f the objectives the tit]e was relevant for.n ThePe was no overt

mechanism available to then:t%-se]ect an objective first and search for
titles to help them attain that objective (a]though.they'could of course

do this mentally). Many students felt that this:match1ng procedure was
"backwards,"” so the current version of the automated Aid.was adopted;

A student is npu led to proceed in a conceptually driven fashion by first
selecting an objective to work on, then selecting one or more titles for
that objective. " "Since the match is madE as soon as the student seTects ."
a title, there is no need for a separate matching section in the Aids

- 4
sys Wi. . .




Another Teature of the Aids system. the goal stack was nbdiiied
nake it easier for students to use. Since there is.iimited space on
screen of the computer‘terminai on1y the number of goals (obJectives
t1t1es-of information sources) are dispiayed in the goa] stack. A
ture was: added to the current version to allow the student to touch
of these numbers On the screen and be shown that ‘goal written out in .
1. The student may also-elect to see a11 the other goals which are
ated to that goa] written out in fu11. along with the dependency reia-'i
nships they form with the origina1 goa] New functions which were '
ed include a "Task ‘Analysis" qu on the TASK page which helps the
dent formuiate obJectives for~the specific task domain he is working
and 3 “Se1ect" box ‘on the OBJECTIVES page which -allows the student toi
ect an: abjective to woné‘on -

In addition to improvements °made to the sei?-directed 1earn1ng Aid
elf, severa] 1mprovements wers#made to the training program whiCh
ompanies’ 1t -(The Aids system is'a rather complex system which requires
umber of hours of training in its use before students feel comfortable
h it.) _Long, expository passages in the original version have been |
ken'down intoishorterAscreen disp]ays. and_short quiazes”appear much
e frequently than they did inTthe earlier training program.' In addition.
h training session now begins with a quiz reviewing the contents'of
. previous session. These changes were designed to keep the student more
ively involved with the training program, , o -

It was noted after the pilot experiment that experimental subjects
| a more difficult learning task than contro] subjects did; Each_training
.sion included sample problems to practice using the automated Aids system;'

-

/ v
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buf only the experimental éubjects héd to'1eafn té-use/the ﬁids systems
ih~additioﬁp-the control version of the “Aid;" sy;tem }equirgd no training .
beyond'theﬁinifjé1 sessiQn,. ConsequentTy, the current tréining'proéram
uSed_simplé,pna;tite ﬁrob1ems;la}1bwing ihé'students tolconcentrafé fully
_ on the details of the Aids system. These simple problems involved deci-
sions concerning maritime rules of fhé road. The final (testing phase) -
session of the train{ng ﬁroﬁ?ﬂm, however,:used a complex 1earﬁing tagk. )
This task }eﬁuired'students fp troub1eshodt or debug a simulation of a
sehteﬁce genérator having one ;fau1ty“'component. ‘ .
Finally, the effects of training in self-direction and the use of
'thé automated Aid Qéré sepqratéd in this study. The pi1o£'experimenﬁm
'compared experimental subjects who had both trainjng and the Aids system .
against‘contro1 subﬁects who had neither. The present experiment compared

the results of three different groups to evaluate the effects of "both

training and the use of the automated Aids system.
" | | v
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1. EXPERIMENT

& . : ‘

An experiment was conducted_toﬂtest the effgfts of the self-
"directed learning Aid discussed in Section I. - ‘ |
- N ’ LY ]

Experimental Design

The experiment was designed to test the following two research

 hypotheses: (1) students who are trained in.self-direction strategies

will solve a complex learning task more quickly and efficiently than

students who are not trained and (2) when students are trained in self-

,d1rect1on strateg1es, those students who are provided with the automated

Aids system to facilitate the use of those strateg1es w111 solve the task
more quickly and eff$c1ently than the students who are not prov1ded with
.the Aids system. Suﬂﬁects were ass1gned at random to one GY the following
conditions: ‘ » '
(1) Training plus Aids system: ‘Students ‘were trained in self-
direction strategies end:in the use of the Aids system. During the fimal
session (during which date on student performanceiwas collected), they |
were provided with the Aids,system designed to facilitate applieation
of the stFatedies.
_(11) Training and_no Aids system: Students were trained in self-
d1rect1on strategies and in the use of the Aids system 1n the same way
as Group I. During the final s€ssion, they were not aigpn the Aids

system; instead, they had to accomplish the task using the same apparatus

'ava11able to the group below.

(III) No training and no A1ds system: Students were given no

training in se1f1direction strategies. nor did they have the Aids system

‘ava11ab1e during the final- prob1em-so]ving session -

s . . =610
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The first research hydothesis is tested by comparing the performance
of students in “Condition IT with that of students in Condition ITI, while
the second hypothesis is tested by comparing the performance of students
in Condi%ion I with that of students in Condition II. This design is
similar to a 2 x 2 factorial except that the cell corresponding to "No
training and Aids system' was omijtted because students could not be
expected to use the complex Aids system without prior training in its use.
T During the testing phase, students in the training-only and control
groups.(Conditions II and III) use an automated!;ystem containing'only
the Task and Contents pages of the system described in Section I. Students
A these groups have the same learning task and the same infdrmation to
/:; read, but they have none gf the Aids sysiem available to students in the ~
v trainihg-plus-Aids.group ?giﬂdition 1). (Information sou;tes in this
simplified system are,accessed.directly from the Table of Contents. As
soon as the student touches a title. he is shown the corresponding
information source.) | o
The training sequence for control subjects is similar to that for
the other students, except that the basic'system is never modified for
them, so there is no need for teaching sessions other than the initia)
one. Thus, sessions twb and three are practice sessions using the
control system. and session four is the testing phase. The training
phase for students in the training-only group is identical to that for

students in the traiming-plus-Aids group. During the final session,

,,however the training-only students use the control system rather than

.

the self—directed learning Aids system. The,combinations of different

systems used in all three conditions are shown in Figure 1.

145
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Training

Test -

Condition

1 B i -1
Aids Aids .Control
~ System . Sys tem ‘ System

Aids . Control ; Control

" System System ‘ Sys tem

| .

Figure 1. Combinations of Systems Available to

Subjects in Each Condition.
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Method

Subjects for the experiment were volunteers recruited froma
lower-level NROTC course at"a’ﬁﬁjor uni'versity. Thirty-nine subjects
were assigned at random to each of the three conditiong discussed above.

The studerrts were told that they would receive exbosure to junior-level

' NROTC. course mq;er‘al bj participating in the experiment as well as

- : )
twenty dollars for Tompleting the’egperiment. During the test session,
they were.told that they could réteiwe an additional two dollars for

solving the task correctly on the’first attempt or an additional one

| .dollar for solving it on the second attempt. The reason for this bonus

was tb dis;odrage random guessing and to encourage students to have 2

- fair degreé of confidence in theié-apswer.

Data Collection
. :

"The data colletted abring the finp}'session were designed to
measure both gffectiQe’]earping and self-directed learniﬁg.. Effective -
learning is defined in terms of the time spent reading'infofmation and
the number of errors made 'in attempting to solve the task. Data are
collected for each student on the number of erronéou§ attempts (wrong
answers) ma;e when the student attembts to perform the task and the

total time the student §pends reading information sources to solve the

task. Self—difeéted 1earh1qg‘is much more difficult to measure, but

it seems to be typified by two phenomena: planning and selectivity in

the use of available information sources. The data collected reflect

operational defiqi}ions of these phenomena.

~9-
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Planning | | ' ' ' , .
It is not an easy matter to discover whether a student is engaged
im effective.pianningf One type of dats §’ved by out PLATO progrem is
| 4 ' %
the sequence in which students accessed the information resources I
’ ’ ' _
available to them. Ous analysis of the troubleshooting task presented -
to the'students.in'the testing-phase has resulted in the formulation of

a set of rules for scoring deviations from the ordér in which the

. information 50urces should be accessed These rules, which we call -

4

lnti precedence ruies. take the form of prohibitions of certain sequences.

The extent to;ﬂhich a student has departed from sequences permitted by

an ideal tas Janalysis can be expressed in terms of the mumber of times

the student's}study sequence vioibtes the anti-precedence rules.
Basically, the.anti-precedence rules require that the student not
read about a subcomponent of the sentence generator unless he has first
read about tne component which contains it. A particular rule is )
violated if the student either fails to read about the larger component
or reads about it after reading about the subcomponent These rules thus
*reflect the idea that a student should not attempt am.actiom unti1 he has

combieted its prerequisite.
. z
Se1ectivity in the Use of Information Sources

Se1ectiv1ty has to do uith reading information sources which are

reievant to the learning task and not reading the irrelevant information

. sources. The ratio of relevant information sources read to all informa-
"~ tion sources read is a measure of seie'tivity; a student for whom this

ne ratio is high has read primarily relevant sources and few irrelevant

ones. Two different ratios of this type were computed, the first a rat}p,

-10-
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of the number of informatian sources read and the second a ratio of the

\

time speht reaqgng those information sources. That is, the first is the

ratio of the number of relevant information sources read, to the total
number of information sources read.‘andfthe'Second is the ratio of the

. -time spent reading relevant information sources to the time spent reading

all information sources.

4

Subject Strateqy Summaries

In addition to collecting data on ereciive learning and self-
‘directed learning, we attempted to validate fhe schema representations
given in the Appendix: Following the fingl session, studené; were asked
to describe the "learning techniques or strategies” that they used in
solving the compléx trdublgshooting task.” Their §ummaries of these

| strategies were analyzed us&ng a modified form of the method for scoring
text recalls and summaries deseribed in Gordon, Munro, R%gney. § Lut2
(1978), to try to determine if subjects in diffeEFnt treatment groups
would summarize their strategies differently. This method of text
analysis examines summaries for occurrences of statements\of particular“

- _relevance for self-directed learning, that is, the representations pre-

(/sented in the Appendix. These were translated -into short English

statements, and three’ judges scored the summaries of strategies for the

. -
< presence of these statements.

Results

For each of the three tredment groups, means and standard deviations
were computed for the dependent measures and individual diffsfences vari-

ables. .The means for the dependént measures are presented 1& Table 1, and

: A




’ ‘ , L) " ’
the means for the individual difference measures are given in Table 2.

Visual [dspection of the results presented-{h Table 1 reveals that the
tradining-only group perforted worse than both the training-plus-aids
and the control groups on almost every measure. In retrospect, this
PQSUT} seems uhSurPrising. since the trainihg tn self-direction that
the subjects were given was, for the most part, either oriented toward
or interpretable in terms of the functions of the Afds system. Students
in the training-only group were requi}ed to solve a complex problem in
\ 'I the final session using an "aids" system with wh%ch;t.u:y were unfamih‘ir‘
The comparison of the training-plus-aids group to the control group will
therefore be emphasized be;d;.‘
The number of errSrs made in solving the complex problem is a
measure of theleffectiveness of the 1ea}ning strategies that students
use to accompTish their task. Although a paire&‘éqmparisgns test did
not reveal a sjgnificant difference between the tw; groups of interest,
inspection of the descriptive statistics indécates that the control group
made slightly more erfors\on the average and Vfried more widely in their-
performance. The varianc- of the control g;OUD is about ‘twice that of
the treatment group. This suggests that the ireatment served to reduce
individual ~variation in complex problem solving. A second measure of
learning ,effectiveness.is the amount of time spent reading the information
resources. The training-plus-aids group spent less time reading the
1nfornngion than the control group, but again the difference did not reach
significance. :
The other three variables included in Table 1 are measures of self-

directedness during problem solving that require the use of text. All

-
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Variables
Reading Time X
(minutes) SO
Errors X
SD

Selectivity in X
Titles Picked SD

Selectivity in X

Time SO
A]]ocatioT/:j

Planning

* Yiolations §D

Table 1

Means and Standard Devistions

of Dependent Measures

Treatment Condittons

Training + Aids

Training-Only

20.
(14.

05
n)

.23
.54)

vy

A7)

N

.20)

.39
50)

o4

41.89
(33.93)

3.3
(3.20)

.61
(.17)

.62

nan—

3

!
[ 4

ControT

27.44
(13.12)

1.62
(3.02)

.68
X".ZZ)

.67

1.58
(1.56)



differences between the two groups are in the predicted direction but are
~ not significant. Students in the training- p\us -aids group were somewhat
more selective in choosing only relevant titles and also spent more of
their time reading relevant information than did ‘the controls. The
’treatment conditions also resulted in fewer p]anniug violations than did
the control condition. ' '

* Therefore, as assessed both by final performance and by'behaviors
during problem solving: the treatment condition uroduced slightly (but
not significantly) more effective and self-directed learning.

Individual differences in learner ability were'compared across -
groups.- No differences were found, indicating that the randomization
procedure successfu11y yielded similar groups. Scores on both verba] and
.mathematics sections of the Scholastic Apt1tude Text (SAT) were obtained,
and group means of these scores are shown in Table 2.

A1l variables were correlated with one another, and the overall
correlgtion matrix is shown in Table 3. Several relationships are
noteworthy. There were strond relationships between error scores and
the two measure} of selectivity, r = -.57 and -.51 (p <.05) for readipg
choice and tin;'ellocation respectively. These strong negative correla-
téons between errors and selectivity indicate that greater selectivity
. during problem solving ‘corresponds to fewer errors. This finding is
important because it suggests that selectivity, as 0perat1ona11y defined
in this study..does in fact result in more effective learning. In other
words, select{vity'does result in better problem-solving performance.

Another interesting relationship is that found between errors

and reading time, r = .32 (p «.05). "Appareptly, as students spent more

-14-
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Table 2

Means and Standard Deviations of
Individual Difference Measures

»

vVariables . Tredtment Conditions
,Trai%ingﬁ+ Aids Training-Only Control
SAT: Verbal X 588 542, 566
. sp - ( 85) ( 57) ( 76)
SAT: Math X . 637 635 , 615
) k ( 58) (.41) ( 64)
SAT: Composite X 1225 1184 1485
SD ( 85) ( 75) - (0s)
®
29
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~ : " Table 3
tombined Correlation Matrix -
’ . ¢
A B C D . 3 F
“
R. Reading Time . - .
. \ . ,
B. Errors - ik ) LA -
. h 9
C. Selectivity' 1 (title choice) -.28 -.57%
D. Selettivity 2 (time allocation) -.28 -.51* .90*
B Planning Violations .06 A7 -5 . gaw
F. SAT: Verbal -0 -.4* 0 -.02.° .03
6. SAT: Math. : -.m -.27 16 18 -.06. -.14
H. SAT: Composite ‘ 02 -5+ 4 0| -.0 .78%

Note. N = 39 except due to missing data
’ "% p<.05
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time reading thé information, they tended to perform worse (make more

errors) fhis positive relationship between reading times and erfors

is opposite of the expected rélatianship between time and performance-- .
_namely, that*the more time a student spends léarniny the better hé or .

. She shouid do on a criterion test. The relationship observed in this |

) s tudy suggests that students who were more efficient (ﬂib spgnt less time
reading) were also more dffective in that they solegd the t 2!2:;*" QEGEr
errors. Further support for this conclusion is found in‘”f inverSe

‘relationship between reading time and selectivity, r = -.28 (title chaice)
and r = -.24 (time allocation). While neither of these correlations is‘
significant, the negative tendency suggests ’iat students who were ‘more:
selective tended to teke less reading time to so]ve the problem.

. Finally, 1t is interesting to noge the strong correlations among
the three measures of se]f—direction-fselect1v1ty in t}t\e choice, :
seleftivity in time allocation, and planning violations. The two
selectivity ratios are strongly related, r.=..90 (p < .05). ihis'rela-
tionship suggests that students who selected the appropriate information
to read also-allocated their time to reading thét\information. The
seTectivity measur%s are negatively'rela‘kd to pianning'errors. rff/-.SS
and -.64 (# < .05) for title ch01ce and time a]]ocation. respectively.
The ‘negative relationships suggest that stddents who choose selectively
and spent most of th;i?'time reading: appropriate information did so
according to the propq; sequence. The three measures of self-direction

used in this study were therefore, consistent in their assessment of

student behaviors.
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Aptitude by®freatment Interactions (ATI)

- The combined correTation matrix cannot reveal any. differences

betueen‘the treatment conditions. Therefore. correTations between

'uaniabies were examined for each treatment group individuaTTy. These

correTations appear in TabTes 4, 5, and. 6 Visuai examinetion of the
data indicates an overall pattern of differences between the three treat-

ment groups. In general, the expected re]ationships between abiTity. time,

'and performance‘occur only. in the control condition. For example, we
w oqu expect students of higher verbal ability to need Tess reading time
to solve the problem (and lower. abflity students to require more reading

time) Yet. the expected negative correTation between these two variables

(verbaT ability and reading time) occurred only in the controT condition,
r = .50, .05, and -.48 for training i aids, training. "and control groups.
respectiveTy The correTations between verbaT ability and error scores

also fa11 to be strongTy negative except for the control group, r = -.18,
-.12 and A respectiveiy In other words, only in the controT condition )

was the negative correTation significant (p < .05). AbiTity. then..is

‘predictabiy reTated to the dependent measures only in the control condition

e The reTationship between ability and se1f direction also seems to

fit our expectatio‘; only in the 1 group. Henubuid expect students
of‘ higher verbal ability to be ‘more selective and make fewer pTanmng

vioTations.' ATthough we woqu'predict that verhii ability and se1ect1v1ty
;re positiveTy related, a positive correlation between abiTity'and select-
ivity in time allocation occurred onTy in the controT condi tion, r = -.38,

- 47 and .55 respectiveTy *similarly, the correlation between ability

'and seTectivity in.title choicezwas positive only for control subject&;-

.
o4
& .
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Table 4

s Correlation Matrix for TrainingtAids Group .

_ A B c D
A Reading Time: .- . | R ‘

B. Errors :{;fii'; - .35 ‘

c. Sg]ecfivity 1 (tifié choice) . -.21 -.40 ‘

D. Selectivity 2 (time allocation) - -.14 = -.09  .83*

E. Plamning Violations 207 .03 -eF -6
F. SAT: Verbal os0r -8 -2 -.38
6. SAT: Math 5 w26 @ 53
H. SAT: Composite o 39 -3 16 -

 Note: - N =13 except due to missing data -
< 05 ; - @

.
L3

23

.27
-.26
.09

-.33

R

.35
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o Table 5
Correlation Matrix for Training-Only Group.

A B c - D £ F
A. Reading Time
B. -Er[ors . | .23 , < A -
¢ S‘;electivity 1 (title choice) -.08 - -.60*
D. Selectivity 2 (time allocation) =~ -:09  -.57% o ¢
E. Planning Violations -0 - -23 -3 -4
F. SAT: Verbal - 05 -2 -89 -.47 a4
6. SAT: Math \ | -.35 -85+ .49 . .35 .19 -4
M. SAT:  Composite ; Y s o o9 3% e

wote: . N = 13 except due to missing data

P < .05
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Table 6 \

Correlation Matrix for Controllsroup

A B c - D E . F
A. Reading Time
8. Errors .28
c. fectivity 1 (Title choice) ~  -.67* . -.55%
D. Selectivity 2 (time allocation) 6% -.62v v L97*
€. Planning Violations 16 .59*  -.69%  -.72*
F. SAT: Verbal . .48 -.7%-. 46 .55  -.50
6. SAT: Math . | v .21 -8 -7 -.03  .72*
M. SAT: Composite 03 -6+ .08 23 -8 .78

"Note: N = 13 except due to missing data

p<L.05




rs-.12, -.49, and:46 respective1y: Furthermore, we would expect that
verbaT'abi1ity ie,inverse1y related to violations in planning, yet the
obtained correlations did not metch that prediction except in the control
condition, r = .27, .44, and ?.So.respectiee1y. Hence, the expeetea; |
) re1ationsh1ps.betueen verbal abi1ity.and measures of self-directedness
did notThold except for students fh the control condition.

Several other :;pected relationships held only for the control
condition. We would expect that se1ectieity would decrease readieg time
s0 that these variables should be negatively cdrre]ited. While the k'Y
correlat1ons are negative for all three groups (r = -.21 and - 14 for
training-p1us -aids, r = - 08 and -.09 for training-only, and r = -.67 and
-.67 for control), they are significant on1y in the control group. The -
final prediction is that p1ann1ng vio1ations should be related to errors
because inefficient learners are probably ineffective as we11. The
correlations are i = .03, -.23, and .59, respectively. In other words,
the naturally expected correlation between planning violations and errors
is found only in the control condition.

The ATI evidence shows that expected relationships between ab111ty
and performance held only for the control group. It seems likely that
students of high ability in the experimental groups may have been hampered
by the cumbersome mechanics of the Aids system, which promoted less
efficient stretegies than they would have used on their own. Less capable ,
students in the experimenta1 groups who may have had no useful strategies,
were probab1y helped by the features of the Aids systeﬂb This exp1ana- )
_tion is supported by the reduced variance in errors found in the training

nlue aide oroup as compared uiih the control group. 23 /
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StrateggVSulnary Results

Means and standard deviations for the’scored strategy summaries
are given in Table 7. A 2-factor analysis of varjance (ANQVA) Qith
repeated measures on the rater factor was performed g\ these data, and
the results appear in Table 8. Differences anong the treatment condi-
tions.are significang, f = 5.34; p < .0l Althdugn differences among
the raters are also significant, the interaction between tne two factors
is not significant (F = 1.93, N.S.), indtcating that group differences
in reported strategies are not a function of rater bias. Therefo'!‘
strategy scores were averaged across raters (the 1nter-rater reliabi]ity

\

coefficient is .81). The resultant group means are shown in Table 9

-'\,_‘

Ddfferen;es between the training- plus -aids and, the training-only groups

are sign1f1cant (t (24) = 2.93, p < 01), and the differences between the

trainzng—plus a1ds and the control group are also significant (t (24) =

2.38, g < .05). We may conciude, then, t:hat students in the training-plus-
~ aids group learned significantly more of the selt-direction learning'
strategies than did students of either of the other two groups.

Why students in the training-pius?aids group shduld report dif-
ferent strategies than those in the training-only group is difficult to
understand. One explanatidn that seems likely relies upon the fact that
students were instructed to produce‘sunnaries ;that you used to solve the
problem you just worked on." As we have already seen in the performance
data, students in the training-only group performed quite poorly. It

seems likely that they were not making use of the self-directed learning

EY

strategtes during the fina! sesstion. The fact that they did not produce - -

summaries of ‘the self-direction strategies does not necessarily mean that

-23- , )
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Table 7

Means and Standard Deviations of
Strategy Summary Judgements

Raters v Treatment Conditior
» N .
. Training + Aids Training-Only Control
I X 1.5 05 0.6
SD ‘ (1.3) (.7 (.9
11 X 3.5 1.9 . 2.9
+ SD (1.8) (v.6) (1.4)
. 111 X 3.0 1.5 1.4
SD (1.6) (1.4) (1.3)
®
-

-24-




Table 8

ANOYA Summary Table for Strategy
Summary Judgements

Source | df Ms

daf £
Between Treatment Condition 2 . 19.56 5.34*
Errory, % 3.67
Within Raters 2 " 35.41 37.55+
) Interaction 4 1.821 1.931
Errorw 72 ”.94
p < .0l
“{‘s?“
N
‘_P
Table 9
‘ Averaged Strategy Summary : 5
-~ Judgements
‘ v . Treatment Condition |
Training + Aids Training-Only Control
X 2.7 1.3? + 1.6°
SD (1.8) (1.0) (0.9)

a p < .05 for comparison to Training + Aids group.

b p< .05 forecomparison to Training + Aids group.

-25-
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. they did not learn the strategies. Rather, they may have simply been
obeying the instructioms by not describing the strategies that &:ey failed

&

~ to use.

Discussion (%i:

" Qur-anadlyses of the dita on self-direction and reading ef?ect-
jveness found no significant d\fferences due to group. Therefore, the
results did not support either of our research hypotheses (that training
in self-directed learning u0u1d improve performance—cnd that use of the
atds system would further improve performance). There was, however, 2 \
"non-significant tendency in the data for those students who had both
received training and had the use of the-aids system during thE test to
perform better than the students in ihe other two groups. It is possible
that with mose training practice or with more subjects tgese results might
have reached £Tgn%fiéance. It is noteworthy that the training- p1us'aids
group outperformed the other two groups on each of the performance measures
we took. On only one measure, the scores for summarized strategies, did
the performance of the training-p1us~a1ds group significantly exceed that
of the other two groups. Interpretatibn of this result is problematic.
Those ;tudents who were both trained in the use of the sel f-directed
learning aids syStem and given access to that systemfiﬁ the test session
were able to later summarize the prénciples of the system in writing.

. Yet other students who had received the same training (the training-only
group) but did not practice with it in the last session were no better
than control subjects at expressing the strategies. . | R

An unekpected aspect of our results ¥as the (noh-significant)

~ difference between the control group and the 9kodp that was trained in

.26.
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the use of the aids system but did not have the use.of. that.’syste- dﬁrihg
the test. MWe had predicted that the training-only group would perform l
less.uell than the training-plus-aids nroup, but better than the control
group. Instead, control group students did better than those in the
training-only group. 1In retrospect, ghis résult seems quite natural. }
students in the training-only group received training in the use of one
;computer-based aids system but were tested on their facility with another.
The switch in systems may well have been confusing, and this could have
caused their Seyformance to deteriorate. Another possibility, ﬁowever.
1;.that training in the use of the experimental aids syste; does not
improve qne's ability tg learn in a-self-directed, selective way. Perhapg.
on the contrary, it"creates a kind of intellectual dependence on the
f;cilities of the aids system. When these facilities are removed, those
who have.bggn trained in their use perform less well than those who have
not been exposed to the aids §ystem. Given the npnsignificance of the
results, such conclusions are; at best, merely speculative.

' An interesting aspect of the resuMts is the finding that different
vlearning measures.are related. The two measures of effective learning )
(reading time and errors) are significantly correlated, as are the three °
measures of self-directéd learning (two selectivity ratios and planning

lations). The question naturally ugs}ents itself: Is effective
learning related te self-directed learning? Of six possible r§1£t1qn- i
ships, only one was found to be significant--selectivity of title choice
is inversely related to number of errors. In the control condition, however,
three other refationships emerge. Both selicii@ity ratios are inversely

related to reading times, and'planning violations are directly related

to errors made in attempting the task. Why should these relationships

L
oV
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appear only in the control condition}, Scatter diagrams of these relation-
ships show that the control conditjon répresents the expected r;:ationship.
For example, Figure 2 p1o£s selectivity of tftle choice against teading
time. For students in the control condition, the less selective they are,
the mote time they spend resBing. This relatiBaghip does not seem to

ho1d for the students in the training-plus-sids group, however:

The results of the research reported here lend support to two
conclusions that we believe are also supported by other recent results
in cognitive research. The first is that'hﬁman learning and human
thinking are not very general prqcesses, but are always closely linked
{o fairly detailed or specific situations. The second conclusion is that
human learning strategies or skills are highly automatized; as a result,
even inefficient learning st:::fgies may lead to sSuperior performance
when they are compared to the use of non;:utomatic strategies. - In the
remainder of this paper we will present evidence for thése two claims °
and discuss their implications for training research.
. A number of theorists in cognitlve science (for example, Goldstein
§ Papert, 1977) have 5P§ent1y proposed that mo&els 6f'human thought should
- include few, if any, general processes. Rather, knowledge and thought ;re
bes® represented as a collection of quite specific concepts, concepts that
are bound to partiCu1ar restricted entities in par11Cu1ar situations. If
this c1a1m has substance, it may be that the strategies that subjects in
our, training groups learned were somehow closely bound up in their minds
\\\\ with the topic matter of the example 1earn6ng prob1ems that ucre used

during training. In the training sessions, subjects were given prob1ems '

"
.3
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on the Rules of the Road. ‘The test session, howe.ver:. used a very different'"
(and much more complicated) problem of troubleshooting a defective device.
Subjects may hav’e learned the strategies that they had baggetaught in such
a way that they :could apply them only to Rules of the Roaa problems. Some
of th; comments made by the subjects in their written evaluations of the

L] .
experiment seem to reflect this broblem: ‘

“Yo start with de Up 4 goals objectives to complete
before 1 could comp¥Pte the task. Then as 1 worked on the
information I noticed th3t some (most?) of my objectives -
were not really suited to the subject.” )

“This p_rob1em was a little different in regards to
. gtrategy than others~at 1 pdint.*

I
oot "The third problem set, after learning goal gtack, ‘
objectives, and dependency should place more em $s on the .
use of these features. The two proplems 1 had 1in this pha v
of the training were much’ too easy to incorporate all feat
of the system.” ’ ' '
"1f the prac'ise (sic] problems were more difficult it
would help repare [sic] the dearnar.”
" “"More practice with tougher probiems.;' "
&

. . \ A
“A few of the problems (2nd.and 3rd sess‘bn) were pretty 3"
easy and | was able to have a few common-sense deductions

about the answers. 1 think the experiment would have gone

off much better if the areas studied were 3 little more dif- ]
ficult and challenging.” ‘ s j

h S

If this process (of 1garn_ing strategies only with respe& to certain
topic-matter domains) is as widespread as we fear it is, 2 nymber of
o oo

measures sh'ou1d be taken ta improve the results in attemfiting to teach

such strategies. Two methods come to Jmind. Firs‘ the affications for

“which the strategies are intended should be closedy e/x% " 1f they
Bélong to a restwicted class, then thepractice mategl: r training
in the strategies should all come from that c1a second, if the.

) applications are not members of 2 restri'ctg;_cl‘ )‘hen as wide 2

Ly ‘ D
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uariety of proctice problems should be used as is'polsible. " The training
process will aluost certainly have to be more protracted in such a case.

® The second general conclusion about human learning that we have

been led to is that adults' learning strategies bave been highly auto-
matized. Rigney (1978) has reviewed evidence on this issue. If this
claim is true, we should not be surprised ta discover that our experiuental

.o subjects, who should have been using superior strategieg, did hot do
significantly better than those subjects in the control group,kufﬁrst. it
is, possible that, for many of ou; experimental‘pubjects the highly over-
learned old inefficient strategies automatically went'uzto action and
competed with the new, less well-learned strategies we had taught them. ~ -
Second, if some experimental subjects were gble to use the new strategies °
we had taught them, they could have been at a'disadvantage with respect
to the control subjects who used their old strategies. The cogtrol
subjects{ strategies could be activateo_automatically, and shouid have
required 1ittle conscious contrel. ~ The new, unfamiliar techniques used *
by the experimental subjects, however, uould surely require considerable“
conscious control,_thus reducing the processing‘resaurces availabLe for._.,
learning ano problem solution. Jiewed in this lioht the fact that ’
experimental subjects did not do significantly worse than control subjects- '
seems to support the essential validity of the learning techniques em- .

bodied in tho»aids system.
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- APPENDIX

Prescr1pt1ve Schemagg Atta1ned as a Resu]t 9{

Tragn1ng in Se]f d1rected Learn1ng Strateg1es ,'
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(J) ser-nxazdrto LEARNING (TASK)VJ |
;"'. is when
* BUTLD-GOAL-STRUCTURE (TASK)
© TASK-PURSUE (TASK)
end. _ |
'.,(z) BUILD-GOAL-STRUCTQRE (TASK) - | S
1s when |
ANALYZE (TASK, for OBJECTIVES (TASK))*
PREREQUISITE-SEARCH (For. EACH (OBJECTIVE), IN OBJECTIVES)
. PREREQUISITE-SEARCH (for EACH (OBJECTIVE), in CONTENTS)
| end. . : g '
(3) TASK-PURSUE (TASK)
_ is when
L pYAMINE (GOAL-STRUCTURE)
UNTIL (CHECKED (EVERY (OBJECTIVE)). PURSUE (OBJECTIVE))
TASK-ATTEMPT  (JASK)
end.
(8) TASK-ATTEMPT (TASK)
is wﬁég s .
. IF (DO (TASK), then QUITE, else SELF-DIRECTED-LEARNING (TASK))

end.

PR . F

» N ]

——

. The ANALYiE sub-schema“ has not yet been represented. - How
people are able to.discover the prerequis1tes or. componen! actions of
a task is not well understood. _ .

-34-

- - PR . .




R
(5) PREREQUISITE-SEARCH (for GOALS, in SUBGOAL-SET)

- s when
FOR-EACH (MEMBER, of SUBGOAL-SET),
N - IF. (PREREQUISITE (MEMBER, for GOAL),
then (SPECIFY-DEPENDENCY (MEMBER, to OBJECTIVES-LIST))))
end. | 2
(6) PURSUE (GOAL)* .
| is when
FOR-EACH- (SUBGOAL (NECESSARY (SUBGOAL to GOAL)) in GOAL- STRUCTURE
© WHILE (ANY (UNSATISFIED (SUBGOAL (NECESSARY (SUBGOAL* ,
SUBGOAL))))" - | _:,'
PURSUE (SUBGOAL')) |
TRIAL (SUBGOAL ))

end.
"_(7) UNSATISPIED (GOAL) .
® : - ®
_is when

NOT (CHECKED (GOAL)) . , ' .
- NOT (ELIMINATED (GOAL)) |
end. P .
_(8) TRIAL (GOAL) |
. is when

. . L
. ATTEMPT (ACTION, of GOAL)

EVALUATE (GOAL) . <
end. ‘
' , R
—& - -8 :
*This structure is a variant of Rumelhart & Ortony's (1977) .

schema for TRYing. a subschema of their PROBLEM-SOLVING schema.

I
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(9) EVALUATE kGOAL)-.
s wheu
IF (NECESSARY (GOAL, to HIGHER-GOAL),
then IF (SATISFIED (GOAL), then CHECK (GOAL),
else TASK-PURSUE (TASK),
else ELIMINATE (GOAL, from GOAL-STRUCTURE))
end. q
(10) ATTEMPT (GOAL)
. is when -
= IF (BELTEVE (CAUSE (ACTION, SATISFIED (GOAL))),
| then DO (ACTION),
else when SUCCEED (PREREOUISITE -SEARCH (for GOAL)),
ATTEMPT (PREREOUISITE (GOAL)))
end.> . _ | A
- According to the f1rst of these schemata the student beHeves
that the way to acrneve a task through se1f~d1rected learning is first
to build a goa1 structure and sécond to putsu.e the task, using that goa{
structure. - The second schema Yisted above descr{bes what is 1nvolved ’
in buildin§ a goal structure One analyzes a task for objectives (sub= |
goals necessary for the performance “of the task), then one searches
for prerequisite relat1onsh1ps among these gb_)ectwes, betueen the
a‘lab]e jnformation resources and the objectives, and a:nng the reve-
vant available informstion sources. Howgver, the schema does not contain
'explicit reference to the process of adding these rel‘ation‘ships to the
goal structure,-because the goal structure fs constructed for the student

by the program that aids him or hegin se]f—directed lurning The fifth
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schema listed above is an essential part of the goal-struEtUre-building
schema, since it specifies how the search for prerequisites is conducted.
The second major part of self-directed learning, after building
a,goal’structure. according to the above schemata, is to pursdi the task:
" The third schema above gives.the top-level structure for task pursuit.
One examines the hewly constructed goal structure first; then one pursues
the objectives included in that goal structure until évery one of them
._has been Fheéked._.(Checking is the process by which a student marks the
Qttajnmént of a ;ubgoal, using the Aids program on PLATO).-‘Hhen all the
neces§ary objectives have been checked, the.student attempts the task.
1f the attempt fa1ls (see schema #4), then he begins the self-directed
learning process again, reconstructing or modlfying the goal structure.
The. pursuits of objectives {§_governed by the sixth schema given
above. fhis is a recursive procedure tha; traces down dependency”hgla-
htionships in the goal structure. When 2 goél is found that has no pre-
.requisftes. that goal is subjected to a trial This means (see #8, 9
‘& 10) that the student does an action to bring about thé goal and then
evaluates the results of that act1on 1f the goal 1s satisfied, he
checks the goal and then pops back to the apprOpriate point in the
~ procedure that is pursuing an ;bjective. If it is nat satisfied, he
1ooks for a mew way to pursue his overall task: If the attempt reveals
that the goal was unnecessary to the’:ttainment of its higher goal,

then 1t is dmpped from the goal‘tructure



