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INTRODUCTION

Instructional research on the use of visual nedia to teach
procedural skills has had a long history., The Lumsdaine (5 ) volume
on student response hac collated some of the most pertinent
research on film mediated procedural learning. Of particular
significance is the work by Sheffield, Maccoby, and their col-
laborators (9,10,11,12 & 13). They investigated methods for integrating
1'ilmed demonstrations and actual practice to teach such procedural |
tasks as the assembly of an automobile ignition distributor.

Problems that have concerned these investigators include: finding
an appropriate demonstration unit size that permits the student

or trainee following the demonstration to engage in relatively
error free practice of the task demonstrated; finding the demon-.
stration unit size that permits lster integration of all the
sepurate units which have been presented serially.

Problems studied by other investigators include: ‘the effect
of allowing the learner, prior to viewing a demonstration, to
f?,miliarize nimself with the parts to be assembled, Wulff &
Kraeling (13); the importance of the viewer angle while watching
a demonstration, Roshal ( 8); the value of response guidance,

Kimble & Wulff (4); the value of repeating examples, Lumsdaine, »
Sulzer & Kopstein ( 6); and the role of practice versus motivation

in active response approaches, Michael & Maccoby (7).

Meny features of the procedures used in these studies are
gimilar to those currently used in programmed instruction. Atten-
tion was not simply confined to the design of the presentation.
Rather, it quite appropriately was given to the responses to be
gracticed following a demonstration. while attention was paid to
the selection, sequencing, and organization of stimuli and to
eonditions of response practice, responses to visual presentations
were not, as a general rule, brought under stimulus control as
completely, systematically, or continuously as is currently attempted
in programmed instruction. ' {

| The work done by Gropper (1,2 & 3) in programming of televised |
gcience demonstrations shows that responses can more continuously |
and frequently be brought under control of demonstrational events.
In these studies students acquired science concepts and principles
through active practice occurring throughout entire science |
demonstrations. Here, following the presentation of a brief
demonstration illustrating a particular concept or principle,

Por exampl eadings change when objects are first
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weighed in air and then in water, students were required to respond,
i.e., to predict what would happen in a subsequent example differing
glightly from the original. Responses consisted of choices amorn -

| pictorial options illustrating possible outcomes. Thus, presented
with programmed visual events, students came 1o predict outcomes

or to indicate antecedents for given outcomes. Based on this kind

of systematically controlled practice, principles such as '"objects
weigh less in water than in air" or "a perfectly elastic body

returns to its original shape when a stress is removed" were acquired.
den in the presence of & visually presented problem students are |
able to respond appropriately (predict an outcome or identify
aatecedents),we may say that student responses are under control

| of the stimulus events. In more conventional language, we may

say that the student understands the prineiples governing the

| visually presented problem.

| In the Gropper studies on learning of concepts and principles,
| response practice was required frequently. It was required following
| demonstrational sequences of varying durations, though generally |
not over five or six minutes. Since correct responding at the end
of these varying intervals was contingent on appropriate attending
and observing behavior throughout this interval, it is safe to
a$sume that, if correct responses were made at the conclusion of
the interval, such observing or attending behaviors were indeed
made during the interval. Thus, the attending/observing behaviors
may be said to have been under the control of the visual stimulus
presentation. The behaviors to be acquired (the discriminations
on which concept acquisition is dependent) may be also said to
have come under the control of specific detailed stimuli presented
in the demonstration if, at its conclusion, correct predictions
qre seen to occur.
|
| The fact that the size or duration of the stimulus unit
@resented before responding is required) mey be considerably longer
than is usually the case in printed programs need not be a major
econcern. We might be concerned that, if the unit is long, student
responses may not be under its control or that other than desired
responses may be made. However, given the fact that the correctness
& response is contingent on prior observing/attending behaviors,
if & correct response is made we can be satlsfied that student
behavior during the presentation was appropriately under its
control. | i

&
23
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: The size of the demonstrational unit is of concern only to
the extent that it permits or camnot permit correct responding

at its conclusion. .This problem is recognized more readily in
demonstrations that are intended to serve as & model for the
performance of correct procedures. The demonstration unit must
be short enough to permit accurate performance of the same task
er procedure by the learner after he has viewed it. It also
carnot be too shart or else it may subsequently interfere with the
fipal integration of separate units.
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| The present project is thus concerned with the development of
programming techniques for designing demonstrations that will permit
' effective and efficient learning of procedural tasks. It seeks

i tb jdentify techniques that will ensure stimus control, not only

f of the attending/dbserving behaviors, but also of the procedural
behaviors to be acquired. It is also concerned with finding ways

3 of determining the optimum size of the demonstration unit, that 1is,

one that will permit correct responding.

|
| ‘
} Tnstructional Strategies Involving Demonstrations for Two Different
| EQEEF of learning.

| Strategies for teaching any kind of performance, whether pro-

| cedural or conceptual, must be analytically directed to the learning
% tasks involved in it. It might be useful to illustrate this point

| by contrasting the tasks the learner faces in learning concepts

| gnd principles and those he faces in learning procedures. Their
differing requirements in turn call for differing instructional
gstrategies. And, as a result, demonstrations designed to implement
the strategies may also be seen to differ strikingly from one |
another.

AAI;Li" p | “““ ~

In learning concepts and principles, the student must learn
to distinguish or discriminate between classes of objects, events,
: or ideas. He must also learn to generalize across equivalent
iy objects, events, or ideas within a class. For example, in using
| ievers, he learns that less applied force is required if the
fulcrum is closer to the load.. Understanding of this principle
; o . is based: (1) on the discrimination of the different effects of
I;l o two classes of events i.e., close and distant fulcrum positions

; and (2) on the generalization that there are a variety of close

| and distant positions and also that these effects hold for a
3', | variety of levers. ‘

‘Ir“-.-i 7 -

If visual demonstrations are to be used to teach the relation-
ship between fulcrum position and amount of applied force required,
i' ‘ an instructional strategy must be formulated to permit the acquisi-
‘ tion of the underlying discriminations and generalizations. The
‘ | demonstrations thus must, on the one hand, contrast the differing
il | effects of close and distant fulcrum positions. It must do this
| with varied loads, varied levers and/or varied applied forces.
| Thus, for generalization to occur, vaeried but simllar examples ;
il within a class must be observed. For discrimination to occur, ‘ g
o contrasting examples must be observed. In the Gropper studies (1,2,
| | & 3) practice selecting pictorial options following demonstrations,
1 gptions having to do with fulcrum positions or varying load sizes, etg., e
' implemented a strategy that facilitated the acquisition of dis- § 3
eﬁ@minations concerning contrasting events. It also allowed and ’ i
. | mcilitated generalization. This kind of practice resulted in :
;l | adequate criterion performance of a similar task involving selec- §
]
»
l
|

tion of appropriste pictorial options, In additiom, it resulted




iq an adequate verbal criterion performance, i.e., the ability to
state verbally that, for example, it takes less applied force to
1ift an object when the fulcrum is closer to it.

- Let us compare the requirements for visual demonstrations
that were intended to teach concepts with requirements for demon-

strations designed to teach procedural skills. Consider the assembly

@@ 8 three-pole electrical motor. Unlike concept learning which

is concerned with classes of events and the attributes that qualify
for class inclusion or class exclusion (e.g., fulcrum close to

and vs. fulcrum far from load, or perfectly elastic objects vs.
non-perfectly elastic objects), learning to put a particular

m@tor together is generally concerned with singular objects and
events. The parts of the motor, their location, and order of

assenbly are in the main not intersubstitutable. Thus, generalization

within a class is not a concern here. Discriminations however must
be acquired. As in all learning, discriminations are a concern
but they do not involve problems of class inclusion or exclusion.
T@e discriminations concern: the identification and selection of
particulaer parts; the particular location in which the parts are
tp be assembled; and the appearance the particular assembly has
when it is completed. Discriminations are between specific right
and wrong parts (not substitutable classes of parts), between
specific right and wrong locations, and between specific correct
and incorrect orders of assembly. The closest procedural learning
comes to resembling concept learning is in the discrimination
between correct and incorrect assemblies and in accepting a range
of variations should they exist.

Learning procedural skills, in addition to being based on
aéquisition ol discriminations, also involves the acquisition ol
sequences of chained responses (putting all the parts together
éﬁ correct order and manner). To teach these skills, visual

smonstrations must provide the student with an opportunity to
acquire the discriminations involved in the identification and
gelection of parts and to acquire and retain the appropriate long
chains. The two studies reported here are thus concerned with a
gramming demanstrations
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EXPERIMENT #L

A STUDY OF VARIABLES AFFECTING
LEARNING FROM DEMONSTRATIONS:

g8ize of Demomstration Unit and Mode of Practice

|

| This study is concerned with two interrelated issues: (a)

ormulation of programming techniques for designing demonstrations

o teach procedural learning; (b) investigation of the effects on
cedural learning of such variables as the size of the demon-

stration unit and the mode of student practice following the

demongtration.

B TR

32T TR

R Em T T ;‘l_;:;;z;_;:"“ 1




f“——’;
p——

|
METHOD

Materials.

Television tapes.

| Four television tapes were prepared for use in this study.
All four tapes demonstrated the assembly of the three-pole electric
motor illustrated below. All fcur had revieW'sequences built into
them. All also provisi ident practice in

Illustration 1. Three-Pole Electric Motor

recognizing correct selection of parts, correct part locations,

and correct assembly sequences. (See Appendix A for a script

of the entire lesson. At various places in the script opportunities
tar recognition practice are provided. Workbooks providing for
@h01ces among correct and incorrect selection of parts or mode

of assembly are reproduced in Appendix C. ) The tapes differed

gnly with respect to the point at which, following the demomstration
(whieh included recognition practice),additiomal student practice
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‘ gize of demonstration unit. This study was concerned
with variations in how much of & procedural task could be demon-
strated before practice was allowed. The tapes were therefore
@ésigned to provide an opportunity for practice at different
points in the demonstration. Tape 1 provided a practice opportunity
"ollowing the demonstration of the assembly of the armature (called
vhe "turning part" in the lesson to avoid the necessity of teaching
pechnical names). Tape 2 provided a practice opportunity only |
after both the assembly of the armature and the commutator (called
the "tube part" in the lesson) were demonstrated. With Tape 3,
practice occurred following the demonstration of the assembly of
the armature, the commutator, and the base. With Tape 4, practice
gccurred following the demonstration of the assembly of the three
geperate motor units plus the final assembly of the three units
0 make up the intact motor. The total amount of practice allowed
was identical for all four tapes. What varied was the time of its
cccurrence and the size of the practice wmit (corresponding to the
gise of the demonstration unit).

| The four tapes thus represented a systematic experimental
manipulation of the demonstration unit size. The portions of the
procedural task that constituted a demonstration unit corresponded
%o self-contained units of the motor itself., The assembly of one
unit could be made independently of that of another. Further, no
gingle unit of the motor was artificially segmented in order not to
interfere with student learning of its assembly. Based on initial,
live tryouts, no unit was too long or complex to interfere with
the subsequent assembly of the demonstrated task. These were some
of the rational considerations underlying the choice of the

@emnnstration units.

| Provisions for review and practice. On each video tape, the
review portions followed the Jemonstration and covered as many of

the demonstration units as appeared on that tape. For example,
on Tape 1, review followed unit 1, unit 2, unit 3, and unit L.
On Tape 2, review followed unit 1 and unit 2 combined and then
unit 3 and unit 4 combined, etc. In addition to the review, which
covered key steps in the assembly task, each tape had additional

recognition practice built into it. (The script for this portion

-appears in Appendix B; the corresponding workbook in Appendix C.)

The recognition practice covered only those units just previously
demonstrated. This type of practice is referred to as "editing"
practice. It gave the student the opportunity, based on what he
had learned during the demonstration, to edit or critique the
assembly demonstrated.

Mode of practice. On each tape the order of events for
each unit (no matter what its size) was as follows:

-=-~demonstration

---interspersed recognition practice
===review

-=-added recognition practice

T




lecause mode of practice (practice assembling & motor vs. recognition
practice) was an additional variable to be assessed, in the playback
of the tape during the experiment, the tape was stopped following

the review section. Students receiving this treatment then engaged
in actual practice, practice in producing an assembled motor. The
sequence of evemts for this group was as follows:

===demonstration |
~-=interspersed recognition practice
-==yeview

---actual assembly practice

: Demonstration content. The script in Appendix A reproduces

he dialogue for the entire lesson. In addition it provides photo-
graphs covering a ma jority of the visual events that were portrayed
en the screen. The demonstration, the associated recognition
mractice, and the associated review segment were designed: (a)
to familiarize the viewer with the parts to be selected and assembled
rbr a particular unit; (b) to ensble the viewer to determine which |
parts go in which location; (c) to enable the viewer to assemble
the parts in an appropriate order or sequence; and (d) to enable
the viewer to recognize what a properly assembled unit (or portion
of a unit) looks like.

Model motor parts were used when the actual parts were

too small to be shown clearly. Television technigues, such as |
gupers, were used to stress key points. For example, an arrow ?
guper was used to indicate the correct direction in winding wire

around the poles of the armature. Both review and recognition
practice stressed the procedures which in the tryout phase pro-

duced the greatest frequency of errors.

Mbtor kits.

A1l the separate parts of the motor were individually taped
to a large piece of cardboard. This provided an array of parts
from which students had to select parts appropriate to the unit
he was assembling (see Illustration 2). With the parts widely
separated, students had 1little difficulty identifying appropriate
parts and gaining access to them. The location of parts was
randomized so a&s not to provide any clues as 1o vhich set of
parts ‘belonged together. '

I
Workbooks .

~ Each demonstration included problems posed to students con-
eerning part selection (e.g., Which parts should be selected for
putting together the base?), part location (e.g., Does the tube
g9 here or here?), andthe order of assembly (e.g., Does this
part go on before this one?). Student workbooks provided multiple
choice situations allowing the student to diffevemtiste (by selection)

3




the correct from an incorrect part and to differentiate the correct
from an incorrect location or assembly order.

| Appendix C presents all the workbooks used for recognition
practice required during all units of the .demonstration. Workbooks
were used for the editing sequences that followed the demonstrations
and are alfo included in Appendix C.

Checklists.

| Checklists, reproduced in Appendix D, were prepared for use
by proctors who observed students assembling a motor. Proctors
were required to record errors of omission or commission having

to do with part selection and with the assembly of the motor.

They were also required, when student errors were made, to pro-
vide (and record the fact) extra help or cuing. Increasingly

jore complete help was given if needed. Levels of help progressed
fzom simply telling the student he was wrong, to telling the |
gtudent how to do a particular step, to showing the student how

o do it.

. Correction was given so that students could continue the
assenmbly task. Without correction, cumulative errors would
have resulted that would not fairly reflect what students were
actually capable of. The carrection procedure, both in practice
and criterion seesions, thus created a "practice plus feedback"
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Design of the Experiment.

) There were two experimentally manipulated variables:
of the demonstration unit and mode of practice.

levels of unit size and two levels of practice mode.
in eight experimentsl treatments which are desecribed below:

Croups
ﬁrodmt:lm Practice

Recosnition Bractice |

!

EXPERINENTAL TREATMENTS

Size of the Demonstration Unit

size

There were four

This resulted

After ﬁnitl l1&2
Combined After Units 1, 2,
er Each of the | After Units 3 & 4 ‘& 3 Conbined After All Units
Four Units Coubined & After Unit & Combined
1 ] 3 4 5 6 7 8
X X X X
X X X X

i Following the conduct of the experiment, two additional

independent variables that were isolated and t

reated statistically

were I.Q. (two levels) and sex (two levels). This resulted in
albx2x2z2 design as illustrated below.

Procedure.

Size of Demonstration Unit

I II III IV
1.Q. I.Q. I.Q. I.Q. |
High | Low | High| Low | High| Low | High | Low |
M
Sex
F

. The eight experimental treatments were administered on one
gaturday in the television studios of WQED (channel 13), the

educational television station in Pittsburgh.

of the treatments sat before a television monitor.

five students were assigned to each monitor.

Students in each

Three to

Illustration 3

below depicts the physical arrangements adhered to in the studio.




Illustration 3. Students Seated before
a Television Monitor

The following instructions were given all students no
matter which experimental treatment they received.

"We appreciate your volunteering to come here today. When
we are finished you will all have a chance to go on a
tour of the television studios.

quay we are going to show you how to put an electric
motor together. We are going to show you how to do this
bFThaving you watch a television demonstration. When the
demonstration is over, all of you will assemble a motor.

When you finish today, you will be allowed to take your
motars home with you; so in order for your motor to work,
you'll want to pay close attention to the demonstration
and then work carefully on the motor.

@he first thing we want you to do is to fill in the fromt
cover of your workbooks. Write your name and today's date.,
Beside Condition - fill in the area and the time.

buring the TV demonstration you will be asked to answer
scme questions about what you have seen. Put your answers

11
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in these workbooks. The imstructor will tell you when
t0 turn to a particular page. You will have plenty of
tﬂme to. turn to the correct page in your workbook. This
i8 not a test. Do not open your workbooks until the '

‘ direction is given to do so."

‘ For students who engaged in recognition practice following
e portion of the demonstration that was seen by all students,
e tape simply continued to roll and students continued to solve
oblems in their workbooks. For students who were to practice
g@xting a motor together, the tape stopped and students moved to
tables. Each student worked at a separate table with his work

cbgerved by a proctor (see Illustrations 4 & ba).

T1lustrations 4 & hka. Students Assembling
Motors at Individual Tables

A sample set of instructions delivered to these students
follows:

WNQW'you are going to put the turning part of the motor
sogether. The plastic bag contains the small parts.
Remove the plastic bag from the cardboard and take
out the pieces you will need to asgsenmble the turning
pert. Also remove any parts you will need, from the
cardboard." o
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for by the treatment in which they participated, they were then
instructed to assemble another identical motor. Instructions

were as follows:

When these students completed all the practice rounds called

"mie demonstrations you say helped you to put the motor
tégether.' Now we want to see if you can put a motor |
together without any help at all. This will be the |
motor you will keep. Work carefully so that all the
perts will be assembled correctly. When you finish,

we will go on a tour of WQED."

In the practice assembly for the production practice group i
in the criterion assembly for both the recognition and |

oduction practice groups, students were permitted to work at

eir own pace. Proctors timed each student but also allowed

them sufficient time to correct any errors they might have had.

Ig a student failed to realize he had made an error or if he was

ugable to correct an error he could recognize, the proctor then

provided cues, of increasing completeness (as needed) as to how

he might correct his error. Illustrations 5, 6, T, 8, illustrate

the working relationship between student and proctor.

ot
Illustration
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. The sample consisted of 89 boys and girls drawn from seventh-
1 3 classes from one Pittsburgh area school. These 56 were
- asgigned at random to one of the eight experimental comditions
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RESULTS

| The two major issues about which data have been collected in
this study are these: (1) How does the size of the demonstration

it (before practice is allowed) affect practice when it occurs?
(2) What are the effects on criterion performance of two kinds of
prior practice: actual practice vs. recognition practice? Datsa
en each of these issues will be presented in turn.

To answer the questions raised above, date are available from
two sources. This may be illustrated in Figure l. |

gequence of Activities of Experimental Groups
' Engaged in Engaged in  Performed |

| Watched Recognition Actiual Criterion
Groups Demonstration  Practice Practice Assembly
v | 2 3 4

actual

practice

recognition
practice
\

¥ig. 1. Activities engaged in by actual-practice and

ggcognition-practice groups.

|

| ffor one group, the actual-practice group, performance measures
are available for two assemblies: a practice assembly (Cell C)

and 8 criterion assenbly (Cell E). For the recognition-practice
group, perfornance ueasures are available only for the criterion
assenbly (Cell F). Comparisions to be observed below will center,
en the one hand, on the criterion performance of both groups

(Cells E & F). This will provide a measure of the relative effec-
tiveness of the two types of prior practice (Cells B & C). On the
qther hand, they will center on the practice performance of the
actual-practice group (Cell C) and the criterion performance of
ﬁhe recognition-practice group (Cell F); both these cells represent
the first attempt of both groups to assemble the motor. Thus,
pvesults from both Cells C and F having to do with the assembly of
the motor following the demonstration provide the most immediate
and direct evidence bearing on the effect that the size of' the
demonstration unit has on learning & procedural task.

§1ze of Demonstration Unit.

An analydis of variance was made for errars committed on the
first assembly of the motaor by both the sctual-practice and the

15
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recognition-practlce groups (Cells C & F)., For 3/47 df an F of
2.79 is needed to be significant at the 5% level; for the 1/47 ar,
h.05 is needed. The total number of errors possible in assembling
the entire motor was 87. This included 39 possible selection |
errors (selecting the correct parts) and 48 assembly errors.

As shown in Table 1, there was a un:l.fwm increase in errors
as the sisze ol' the unit increased.

TABLE 1

" Mean Error Scores on First Motor Assembly
| for Groups Differing in Size of
Demonstration Unit Observed

éize of Demonstration Unit
| 2 2 3 L

X '3.10 3.95 k.60 5.05
§.D. 2.02 2.85 2.95 k.45
N 20 19 20 20

| But as can be noted in row 1 in Table 2 on page 21, summarizing

the main effects in the analysis of variance, the differences in

errors among the different sized uniis was not statistically

qignificant. It should also be noted that even the highest

error mean (5.05) for the longest demonstration unit represents |
sn error rate of only 6%. For all Ss the error rate was 5%. |

Reasons for the overall increasing error trend not being statis-
ticially significant may be better illuminated by Figure 2, (puge 22) :
illustrating the significant interaction that was obtained between : :
"size of unit" and I.Q. (P{05) (see row 2 in Table 2 for first | 7“

der interactions). Low I.Q. Ss made more errors the longer tihe
denmonstration unit they had watched. High I.Q. Ss, on the other ;
hand, reversed the trend and made slightly fewer errors as the i
size of the unit increased. 1

i
Referring back to Table 2, it can be noted, that on the
assembly of the entire motor the only statistlcally significant
finding for "errors" was the size of unit X I.Q. interaction.
Pime-to-complete the assembly of the entire motor provided no
significant differences. The mean completion time for the whole .
sanple was 31 minutes and the four different sized demonstration
units differed only slightly from it.

The data just repdrted were Lased on the assembly of the entire
notor. Additional data based om the assembly of just the commtutor,

16




the first part or unit of the motor that was demonstrated, provide
additional illuminating results.

and most complex unit to be assembled.

The commutator was the largest

The total number of errors

possible in thisassembly was 4l, including 18 selection and 23

assembly errors.

this unit are summsrized in Table 3 on page 23.

TABLE 2

Summary of Analysis of Variance:
Errors on First Assembly of Entire Motor

The analysis of variance of error data for Just

Source of Variance

| 8ize of Mode of 1
? Unit I.9. Practice = Sex Within
| . N 1~ N
q‘zm ar 3 1l 1l 1l L
Order Mean Square 8.50 18.1% L.59 10.98 T.48
Mlects 4 1.1h4 2.42 -—- 1.47
Size X S8izeX BizeX ModeX ModeX I.Q.
; I1.Q. Mode Sex I.Q. Sex X Smoc |
Jocond af 3 3 3 1 1 1l
Order  Mean Square 26.65  1h.49  18.2k 29.51 8.4 .01 |
Rrfects r 396 Lo 2.4  3.9% 113  --- |
T |
| | Size X |
Size X  Size X 8ize X Mode X Mode X |
\ Iogo ‘ Ila- ; ;!!x gg ‘l 3&1 }
‘\“‘m ar 3 3 3 1 3 |
Order Mean Square 4.38 b b7 8.42 1.65 11.16
l;tectl F e e

‘Signiﬁcance at the 5% level.

gection.

discussed in the next section.

Two significant interactions are of interest here.
ngize of unit" X "mode of practice" to be discussed in this

One is &

The second is "I.Q." X "mode of practice" to be

Row 2 of Table 3 summarizing all the first order interactions
reveals that the "size-of-unit" and "mode-of-practice" interactlon
Figure 3 (page 24) plots the mean

was significant at the 5% level.

mumber of errors involved in this interaction term.

The experimentally

introduced difference between the two practice groups consisted of
allowing the recognition group to engage in added recognition

Wtice ’

gre

AT

s watched the demcnstrations and engaged in




Jtive responding to pictorial options during the demonstrations.
The actual-practice group then immediately practiced putting the
otor together (Cell C in Figure 1). The recognition-practice
gyoup on the other hand had the opportunity to engage in additional
practice recognizing (based on nultiple choice pictorial options)
e¢rrect from incorrect assemblies prior to its first assembly

(Cell B in Figure 1). From Figure 3, it appears that this added
practice offset to some extent the detrimental effects created by
the increaced sime of the demonstration unit. |

| | 1
8 f
7- | I
| 6 |
Nunber 5+ ,
of 4-| High |
Elms | IoQo - ‘
| Low
I.Q.

2 3 ‘

Size of Unit

b —y

Fig. 2. Mean Error Scores on First Assembly of Entire Motor:
Interaction between "Size of Unit" and 'I.q." | .

Results on the effect of "size of unit" may be summarized as

oIS ¢

(a) Tae larger the size of the demonstration unit observed
before students were permitted to assemble a motor, the
more errors students committed. However, the differences
among groups which had watched different gized demonstration

units were not significant.

(b) There was a significant interaction, however, between the
"gize of unit" and "I.Q." Increasing the size of the
unit led to higher error frequencies in assembling a
motor primaerily for low-I.Q. Ss.

(c) There was also a significant interaction between "size
of unit" and "mode of practice." Students who, in
addition to watching and responding to the original
demonstration, engaged in supplementary recognition
practice tended to be less affected by the increased
demonstration unit size than students who only watched
the original demonstration.

18




TABLE 3

Summary of Analysis of Variance:
Errore on First Assembly of Commuuatur

| | " Bource of Variance

gise of

 Mode of
; -~ Unit IIQ. mtice ‘m within
iont ar 3 1 1 1 b7
Grder  Mean Square L.62 13.01 1.48 L6 2.32 ‘
efects P 1.99 5.60" --- ---
Bise X ‘Bise X BiseX ModeX ModeX IQ.
dncond ar 3 '3 3 1 1 1
Order  Mean Square  5.19 T1.57 A5 17.96  2.49 L0
Btects ¥ 2.24 3.26" —— 7.7 107 0 ---
| w : Size X
Bize X  Bize X  Bize X  Mode X  Mode X
Mode X Gex X  Mode X  I.Q. X  IQ. X
“1.Q. 1.8. Erx " gex
‘ | - - -
kigar ar 3 3 3 1 3
order  Mean Square 2.% 3.77 6.00 13 1.22
cfects F 1.28 1.62 2,58 - --

gignificance Levels: isﬁ%; **14.

Mean
Brrors

Fig. 3.

| e pdded recognition practice
3_% ‘—— Recognition practice only
7 during demonstration

Size of Demonstration Unit

Mean Error Scores on First Assembly of the Com'tatcr;

Interaction between "Size of Unit" and "Mode of Practice.
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Mode of Practice.

Eko questions are raised about the mode of practice:

(a) Does recognition-practice added to observation of
' a demonstration affect the Iirst performence of
the task demonstrated?

(b) What is the comparative effect of recognition-practice
V8. actual-practice on subsequent criterion perfarmanc

Effectiveness of added recognition practice.

- We have already seen that students who, in addition to
wdxching and responding to a demonstration of a motor assembly,
hﬁd the opportunity to engage in additional recognition practice,
were less affected by an increase in the size of the demonstration
wpit. Additionally, on the first assembly of the entire motor,
ﬁge group_that received added recognition-practice, made fewer
exrrors (X = 3.64, S.D. = 2.16) than +he actual practice group
(X = 4.62, s.D. = 3.94%). But, this difference was not significant
(Bee Table 2). Table 3, however, concerned with data on the
first assembly of the commutator only, reveals a significant mode-
of -practice X I.Q. interaction (P{O0l). Table 4 below provides
the mean error scores for the Cells involved in this interaction.
It can be noted that low I.Q. 88 who had added recognition practice

made fewer errors than their low I.Q. counterparts who had merely
wartched - the demonstration. :

ﬁelative effect on criterion gerformance of actual practice \
and recognition practice.

- We are ready to compare Cells E and F in Figure 1 (page 19)
which provide data on the criterion assembly of the motor. A
comparison of these cells permits an assessment of the relative
effectiveness of two types of prior practice: practice in assembling
a motor (Cell C) and practice in merely recognizing the correctness
ar incorrectness of pictorially displayed assemblies (Cell B).

Errors in assemb;g of the motor.

Table 5 summarizes the analysis of variance for error data
on the assembly of the complete motor on the criterion performance.




;jt will be noted in row 1 that mode of practice produces a significamt
main effecl. (P{,00l). Table 6 presents the means for the two
groups which had had different types of pricr practice.

‘ ‘

TABLE 4

ﬁean Error Scores on First Assembly of Commutator:
Mode of Fractice X I.Q. Interaction

‘ T L.
| . Blgh Iow

Watching Demonstration 0.9 3.1

Added Recognition Practice 1.7 1.5

|

Students who had had prior practice actually assembling a
motor made fewer errors on the subsequent criterion assembly than
did those students who merely had prior recognition-practice.

TABLE 5

Summary of Analysis of Variance:
Errors on Ciiterion Assembly of Entire Motor

Source ...’ Variance

Size of Mode of ‘

Unit I.Q. Practice Sex Within
Lrat ar 3 1 1 1 L7 i
zv«r MNean Square 5.29 .52 84,58 2.9 2.86 |
n““. t 1.8‘# - - 29059’“ 1002 ‘

Bise X Sizse X Size X Mode X Mode X I.Q.

Jecond ar 3 3 3 1 1 1
Order  Mean Square 12.44 411 3.31  1.83 25.50 7.32 |
Fotacts P B35 1.0 106 .64 B.2** 2.5

Bize X

Size X 8ize X Sisze X Mode X Mode X
‘ 1.9, 1.9. flex gex Sex
d,‘,', ar 3 3 3 1 3

Order Mean 8quare 2,37 13 DT .98 1.12




TABLE 6

Mban Error Scores on Criterion Assembly of Entire Motor
for Groups Receiving Different Types of Prior Practice

Actual Recognition i
Practice _Practice

|
|
X

= 1.62 . 364
'S}Do = 1056 2.16
N = bo 39

Y Looking at the first order interaction row of Table 5, it can
be noted that there was & significant mode-of-practice X sex

nteraction (P{.01). Table 7 presents the means for the cells of
this interaction. While prior recognition practice leads to more
errors on criterion performence for both boys and girls, girls
appear to be more handicapped by it.

TABLE T

Mgan Error Scores on Criterion Motor Assenbly:
‘ Mode of Practice X Sex Interaction

| | | Sex
| | Male Female
Actual . .
" Mode Practice 8. 1.2
I of
Practice Recognition
Practice 3.2 k.2

Time-to-complete motor assembly.

‘ The relative effect on criterion performance of the two types
of prior practice, actual practice and recognition practice, may
be assessed by the time it took each group to complete the motor
aBsembly. Table 8 presents mean completion time in minutes for
the two groups. The group that had prior recognition-practice
took more time, 7 minutes more or approximately 30% longer to
assemble the motor on the criterion task than the group that had
actually practiced putting another motor together. As can be
noted in row 1 of Table 9, this differenc
the .1% level.

2 was significant at




TABLE 8

|
Meen Completion Times on Criterion Motor

Assembly for Two Modes of' Practice

Mode of Practice ;

Actual

| Recognition
i - Practice Practice
| L o | ‘
b = 24,48 31.71
S D. = 5 . 57 6 U 38
N = 40 38

TABLE 9

Summary of Analysis of Variance:
Time to Complete Assembly of Entire Motor

1 Source of Variance

$8% gionificance at the .1% level.

8i3e of | Mode of
_Unit I.Q. Practice Sex Within
irst ar 3 1 1 1 46
orter  Mean Square h1.82  26.61  876.26 5,82 40.16
Rffects 7 1.0k --- 01.82%**  ---
Size X SizeX BizeX ModeX |DModeX I.Q.
Iogo lkm :rﬁex I.Sl . Bex X Bex
‘ | | i N
8econd af 3 3 3 1 1 1
'Order Mean sqwe 9.12 081 32078 12070 51.78 1.82
Effects y —— c—— c—— - 1.29 —
1 8ize X
Size X 8ize X Bize X | Mode X ‘Mode X
| Mode X Sex X ode X Iéﬁ' X I1.Q. X
| 1.Q. 1:Q. / Bex dex _Sex
| Higher ar 3 3 3 1 3
|order  Mean Square 88.12 34,23 34.11 3.5k 9.45
:f“ct. F 2.19 - - LT -
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Results on "mode-of-practice" may be summarized as follows:

(1) On the tirst assembly of the entire motor, the group
that had added recognition practice (before the first assembly)
made fewer errors on the first assembly than the group that did
not. This difference was not significant however.

(a) Among low-I.Q. Ss added recognition practice did
lead to significantly fewer errors.
|
" (2) On the criterion assembly of the motor, the group that
had practice putting it together beforehand made fewer errors and
took less time (to a statistically significant degree) than the

group that had had recognition practice only.

(s) While all students who had recognition practice
made more errors than the actual practice group,
this effect was more pronounced for girls.




DISCUSSION

The results of the present study on procedural learning uay
be summarized by posing and answering three interrelated questions.
Ehch question follows in turn.

th the Programmingfstrategy Adogggd Effective?

‘ For teaching the procedural skills involved in the asse.bly
of the three-pole electrical .otor the following strategy was
madopted. A ..odel demonstration was presented that students could

| later imitate. Built into portions of the demonstration were

o discrimination practice opportunities having to do with the

o gelection of correct parts, the correct locations of those partis,

| nd correct assembly sequences. The strategy thus called for
tudents to attend to and observe the model deuwonstration and

| ghen to practice distinguishing correct from incorrect assemblies.

f Were they able to asseuble the motor effectively at the end of

o the demonstration?

R Wi nese

| ~ut of a possible 87 errors, the entire group obtained a
| ween score of 4.18 errors. Taking this value of the mean and |
3 . \dding to it 2 S.D.'s resulting in a value of 13.84 errors and
| expressing this value as a proportion of the total number of
errors possible, i.e., 13.84/87, it is apparent that the approx-
i o imate, maximum error rate observed was only 16%. The mean
, o error rate was, of course, roughly a third of this value. These
| ! values are well within the range typically accepted for programmed
' 1 instruction. (In practical situations, tolerable error rates,
‘ of course, depend on the consequences of making errors.) |

; 1 It goec without saying, that in the absence of comparison data for
gl o scme other programming strategy (varying in systenatic and identifiable
| ways from the one used here), it is not possible to conclude that
. | the program strategy used herewas the most effective one possible.
§l | However, on the basis of the obtained results, it is reasonable

to conclude that the strategy adopted was an effective one. ;
: |

| Did Increasing the Size of the Demonstration Unit Reduce its
‘ Effectiveness?
| .
| " fhe demonstration of the motor asseubly served as a model
for students to imitate. When the demonstration included the
assembly of the entire motor without pause (unit size 4), the
I tration lasted approximately one hour. Nevertheless,

| |
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déspite this duration students at its conclusion exhibited an
a#sembly error rate of only 12%. The effect, however, was more
pronounced for below average students than for their above average
counterparts. Even though ability was measured by a largely
verbal test (Otis I.Q.) the retention of visually observed
procedural sequences was more greatly impaired for less able
students.

while it is true that some impairment in performance was
gbserved as the sive of the demonstration unit increased for
the entire group, this effect appears to have been of nezgligible
proportions. Even though the magnitude of ithe effect does not
appear to have been too important, in the assembly of the three-
pole motor it may, however, be important to consider the potential
detrimental effect that increasing demonstration unit size has.
Other tasks, involving either nore complex operations or a larger
number of operations, may be more seriously impaired for all students
as well as for less able students.

Problems in remembering a demons trated sequence of operations
that is long can be somewhat of't'set by additional recognition
grpctice. With added recognition practice the assenbly of the
first unit was facilitated .ost for the group that had seen all
four units demonstrated in a row before being allowed to assemble
He motor. Thus, this group had an added review of the first
undit that was closest in time to their actual assembly of that
unit. This suggests a possible strategy that would allow length-
ening demonstration unit size without perforuance decrevent. Tt
is conceivable that an entire demonstration could be presented |
and then followed with a brief review involving recognition
pqactice. This could replace the more time consuming aclual
practice of individual units (followed by more demonstration
and actual practice, followed by more demonstration, etc.).

Tﬁis is one feasible strategy for lengthening the size of' the
demonstration unit without impairing subsequent student performance
of the procedural tasks that were dewonstrated. |

How Does Mode-of -Practice Affect Performance?

‘ performance on the first assembly of the motor was facilitated
by added recognition practice occurring after the demonstration.
This was particularly true for less able students, since error

ates for the more able students were of almost negligible magnitude.‘

ihis effect of added recognition practice was observed for the

less able, it seems clear, because it was the only group that had
room for improvement. |

Through added recognition practice students had further
opportunity to practice discriminating correct from incorrect
parts, correct from incorrect placenent of parts, and correct
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fﬁom incorrect assembly seguences. This type of practice occurring
after the demonstration represented additional review and appears
to have facilitated retention on the part of the less able students.

A R R R
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Before assembling the motor as a eriterion task, one group |
had had prior practice (with feedback) in assembling an identical |
motor. A second group had merely engaged in recognition practice |
(with feedtock). On the oriterion task the actual-practice proup
made significantly fewer errors. But neither group made very many
errors. The error rate for the recognition-practice group Was Ls

for the uctual-practice group it was only 2%, From a practical

point of view the importance of absolute number of errors made, and,
| accordingly, also of the comparative difference between the iwo
| groups, depends on how critical the errors are. If highly critical,

the value of actual practice assumes larger proportions. If on the

other hand, errors o & tagk are within tolerable limits, recognition
practice may be adequate. Il errors are not critical, other logistical
considcrations such as {he availability of equipment, the cost of
actual practice or the time it saves may be deciding factors favoring
recognition practice. Tt should be pointed out that the recognition
practice developed here required almost as much time to complete

(29 minutes) as did the actual practice (31 minutes). Whe .her this |
could be shortened remalins an empirical matter. The relatively low
error rates observed on the criterion task suggest that perhaps it

could have been shortened.

ig
&

difference between the two groups in the time it took to complete

the criterion assembly. The actual-practice group took approximately,
25 minutes to assemble the motor; the recognition-practice Jgroup

took approximately 32 minutes or thirty percent lonser. Since on

its first assembly or practice of the motor the actual-practice

group had taken approximately as much time (31 minutes) as the
recognition-practice group did on its first assembly (in this case

the criterion assembly) it seems clear that actual practice
facilitated the assembly of the motor. While error reduction did

pot reach sizeable proporations, time reduction did.

‘ The differences between the error data and the time data
require explanation. They suggest that both the actual-practice
and the recognition-practice groups learned approximately equally
well what to do and when to do it. But the assembly task also
included a fairly lengthy motor-skill element (winding wire around
the armature). A considerable portion of the assembly time was due
to the winding task for the three poles of the armature. Actual
ractice probably "smoothed out" these motor-skill elements in the
assembly task. To the extent that, in any given procedural task
| the motor-skill element predominates (by virtue of its length or
complexity) or is at least equally demanding as the procedural or
sequential elements, we W&y expect the benefit of actual practice
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o show up more clearly. Where the procedural element is paramount,
recognition practice umay be adequate. These speculative conclusions

also require future empirical support.

| The interaction between mode of practice and sex throws
additional light on the role of recognition practice. While
both boys and girls who had recognition practice made uoOre errors
than those who had actual practice, the effect was more pronounced
for girls. Since girls are likely to have had less experience in
dealing with either the procedural or motor elements invclved in
the assembly task, recognition practice does not appear to make
up for the lack as much as actual practice. For boys, on the
other hand, recognition practice, as measured by errors, appears
of comparable value with actual practice. Calling for recognition

tice may thus be a suitable strategy when it can capitalize

ar build on relevant experience.

| Overall it may be concluded that actual practice is superior
to recognition practice. There are circumstances, however, when
recognition practice may be adequate. These uwigat include: prior
experience with the motor or procedural elements involved in a
task; when the proportion of motor-skill elements in the task are

minimal; or when logistical or cost oomsideraiions may preclude the
use of actusl eguipment.




| EXPERIMENT #2

" AN INVESTIGATION OF THE EFFECT ON
PROCEDURAL LEARNING OF MODE OF PRACTICE
DURING AND AFTER DEMONSTRATIONS

The purpose of this study is to assess the effect on procedural
iearning of various modes of practice engaged in during and
following a demonstration. This study replicates and extends
ihe investigation begun in Experiment #l in which jroduction (actual)
pactice was found to be superior to recognition practice.
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METHOD |

| With the exceptions to be noted below, this experiment used
identical materials and followed identical procedures used in
Fxperiment #l. The reader is, therefore,referred to the method
section of Study #1 for details. Only the immova

in this study will be detailed here.

MBtgFials.

Television tapes.

One of the four television tepes used in Experiment #1 was
selected for use in this study. It was the tape that allowed for
dded practice, either of the active, production variety or the
recognition variety, only after all four units had been demonstrated.
It was this tape that led to the highest error rate (compared to
the other tapes but by absolute standards, an acceptable error
rate). Since it produced the highest error rate, it could allow
the beneficial effects of practice to be demonstrated nore readily
than could the other tapes. With them there would be little
room for improvement.

| For this experiment one new tape was prepared. It was comparablq
to the tape described above except that all recognition practice
built into the demonstration itself was deleted. Thus, with this
tape students merely watched and then were expected to complete &
eriterion assembly without bemefit of any prior prectice.

Other materials.

. Workbooke, motor kits, and observer checklists used in
Experiment #1 were also used in this experiment.

gggign of the Experiment.

- Six experimental treatments were devised for this study. They
are summarized in Figure 1. Group 1 had no practice of any kind
prior to the criterion assembly. Ss in this group werely watched
the denonstration. This group,thus, provided a baseline against
which to compare the various types of practice called for. Group
2 engaged in recognition practice with the multiple choice items
interspersed throughout the demonstration. These items, identical
to those in Btudy 1, had to do with selectiom, locating, and
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ordering the assembly of motor parts. Group 3, in addition to
the recognition practice just described, engaged in recognition
practice following the completion of the demonstration. Group &4,
following the completion of the demonstration (including the
built-in recognition practice), practiced.assembling a motor.

Type of Practice

Before Criterion Assembly
x e ‘
Recognition Recognition
Practice During Practice Following Actual Assembly
Experimental Groups Demonstration Demonstaation Practice Criterion MMM

Mo Practice b1

mition Practice

Added ; Recognition 3]
Practice

Becognition plus &

-
< | e | | e | e

v
v Y
Y Y Y

i Eroups engage recognition and sctual practice; Jroup 5 had recognition practice tefore
actual prectice; Group 6 bad the same kind of practice but in the reverse order.

Fig. 1. Types of activity engaged in by experimental groups.

Actual plus Added
Recognition Practice
Pecognition plus

Added Recognition
plus Actual Practice

!
8
|||

|

Groups 5 and 6, had all the possible types of practice: during

the demonstration-recognition practice and following the demonstration
both additional recognition practice and actual assembly practice.
The only difference between these latter two groups was the order

in which recognition and actual practice occurred following the
demonstration.

' Groups 2 - 6 thus engaged in different types and combinations
of practice enabling an evaluation of their respective contributions.

Procedure.
_

| Administrative details followed in Experiment 1 were also
followed in this experiment.

Bample .

. Fifty-one seventh graders from two schools in the Pittsburgh
area participated in this experiment. They were randomly assigned
t0 the six experimental conditions of the experiment. |

LA

31

et = e A i S e RS SR

i
£
£,
=
g
i
s
B
B
.
el
EE

EBEICEEE 28




practice.

gignificant).

- In analyzing the effects on the criterion motor assembly of
the various types of prior practice, "time-to-complete" and
endent variables. Tables

RESULTS

"errors" served as the critical dep
1 and 2 summarize the results.

TABLE 1

Mean Nunmber of Errors on Criterion Motor Assembly
for Groups Receiving Different Types of Practice

- Groups

No Practice

Recognition Practice
During Demonstration

Bécognition Practice
+ Added Recognition
Practice

Recognition + Actual
Practice

Recognition + Added
Recognition + Actual
Practice
R#cognition'+ Actual
+. Added Recognition
Practice

1

|

s.D. N
3.09 8
498 8
3.2+ 9
1.00 9
2.00 8
L.28 9

Error
_Bate

b.5%
7.3
5.h%
1%
1.T%

2.2%

 An analysis of variance based on the error data revealed
gignificant differences among the treatment groups (F=4.54,
which for 5/39 df is statistically significant at the 1% level).
There were no statistically significant differences among groups
1, 2, and 3 which had either no practice or only recognition
These groups, however, did make more errors than
groups 4, 5, and 6 (although not all individual comparisons were
These latter three groups all had practice
assenbling a motor before they undertook the criterion assembly .
| :
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But among groups 4, 5, and 6, all of vhich had actual practice in
assenbling a motor, there were no statistically significant
differences.

It should be noted (see Table 1) that even among groups 1, 2,
and 3, which made the most errors, none reached & mean error |
rate of 10%.

|

| Time-to-complete the motor assenbly provides more telling
results in comparing the first three with the last three groups.

5 can be noted in Table 2, even the smallest difference found between
the fastest group among the first three groups (Group 1) and
the slowest among the last three groups (Group 4) was approximately
seven minutes.

TABLE 2

Mean Time-to-Complete the Criterion Motor Assembly
for Groups Receiving Different Types of Practice 1

|
——
|

Groups | __'}'(_'__ - 8.D. _!N_
No Practice 1 30.38 5.58 8

Recognition Practice 2 36.62 11.98 8
During Demonstration ; |

Récognition Practice 3  ,33.11 8.28 9
+iAdded Recognition e ‘ |
Practice

Recognition + Actual h 23.22 T.61 9
Practice ‘ ‘
|

Becognition + Added 5 2.3 5.07 8
Recognition + Actual | | 1
'Wactice | |
Recognition + Actual 6 21.00 5.89 9
% Added Recognition

Practice

—

" As in the case of errors, significant differences were found
smong the groups (F=5.38, which for 5/39 4f is statistically

-
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gignificant at the 1% level). Also, as in the case of errors

there were no significant differences among the first three groups
mT among the last three groups. Unlike the error analysis, however,
each of the first three groups took longer than any of the second
three groups; these time differences were statistically significant.
These differences in mean times ranged from 7.16 to 15.62 minutes.
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DISCUSSION

The findings reported here have paralleled those reported in
Study #1. As compared to recognition practice, actual practice
in the motor assembly resulted in significantly fewer errcors.
The lowered error rate was statistically significant. In practical
terms, error rates were low no matter what type of prior practice
students engaged in or, for that matter, whether they engaged in
4 any practice at all. Merely watching the demonstration, and in
; this experiment it was a lengthy one, with the entire motor assembly
} demonstrated before criterion assembly was allowed, enabled students

to assemble a motor with relatively few errors.

Pt

Completion times also revealed statistically significant
differences between recognition-and actual-practice groups (as they
had in Study #1). The magnitude of the differences appears to
have practical significance as well. The slowest of the actual-
practice groups took approximately 23% less time on the criterion
assembly than did the fastest groups that had not engaged in actual

1
l
| ractice.
|
l

The contrast between error and time data invites explanation.

The low error rates for all treatment groups suggest that the
demonstration (with or without recognition practice) adequately
prepared students to select the right parts, to put them in the
right places, and to assemble them in the right order. Thus, on
the basis of the demonstration alone students learned to identify the
correct parts, their correct location, and the sequence or order
in which they were to be assembled. What merely watching the

' demonstration appears not *o have done was to give them the motor
facility in doing all these tasks. The contrasting time data

, suggest this interpretation. Actual practice appears to facilitate

l the generally time consuming motor component of a procedural-motor

‘ task. Indeed, discrepancies between time and error data may be

diagnostic of the relative importance of the motor and procedural

components.

The demonstration alone, even minus any kind of recognition

practice, appears to have been sufficient to teach the procedural

! component in the motor-assembly task. Just how much recognition
| practice can add could not be adequately shown in this study. For,
even using the demonstration tape showing all four units assembled
before assigning the criterion task, presumably the most difficult
" task that could be assigned, resulted in low error rate. In Study
#1, the value of recognition in offsetting the negative effects of
increasing unit size were duly noted. But even there, the effects

were small (due no doubt to reduced margins for improvement). To
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determine what kind of contribution recognition practice can make
Will require either a longer or & more complex (or both) procedural
task. For, only as the limits of a demonstration alone to teach
grocedures are reached, can the facilitating effects of recognition
practice be more adequately assessed. Thus, in order to assess the‘
dontribution to procedural learning (as opposed to learning of

ﬁhe motor components of a task) of either recognition or actual
practice, a procedural task should be found which taxes the

| capability of a demonstration more sharply than did the assembly

| of a three-pole electric motor.

| To answer the research question about the relative contribution
@f actual vs. recognition practice, the assembly of a threc-pole
lectric motor may not have been long or complex enough. But, it
was not an easy task. It is reassuring to note that a well-prepered
demonstration, concentrating on part identification, recognition
of correct part locations, and recognition of correct assembly
sequences, could teach such a task. Its adequacy was attested to
by the failure ot added recognition practice to produce heightened
achievement results.

| Of considerable help in accomplishing the teaching goal in

this study was the patent interest of seventh graders in the motor-
| gassembly task. The promise of an electric motor at the end of
} ﬂhe experinent resulted (as noted by observation ot student behavior)
| in heightened attention to the demonstration. Even thie longest of
the experimental treatments resulted in no obvious fidgeting often
qound in experiments devoted to the learning of science concepts
and principles. This kind of consistent attending and observing
qehavior may be a key factor in allowing a well prepared demonstration,
eVen one that requires no active responding (of either the recognition
or actual variety), to teach a procedural task adequately. It
does appear, however, on the basis of the two experiments reported
here, that, even with heightened motivation, actual practice is
peeded to reduce the time requirements involved in performing newly
Jearned motor tasks.
|
| Future research would do well to single out the motor and
procedural components of any given procedural-motor task as a
means of determining the contribution that various types of practice
contribute to each. This, as was suggested above, will have to
be done in the context of specific tasks that tax the capability

demonstralion alaone to teach either component.
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CONCLUSION

The two studies reported in this volume represent a natural
rogression or evolution from earlier studies in film mediated
procedural learning. In earlier studies active student response
was & frequent requirement. In the present study, many features
of the behavioral technology represented in programmed instruction
were employed. Active student response was, of course, one of
them. However, more attention was paid to the ways of bringing
gtudents attending/dbserving behavior, as well as the behavior |
to be learned, under the control of the demonstrational events.
In addition, the learning task was analytically investigated
beforehand, and opportunities were jdentified and provided in
order to facilitate student acquisition of the discriminations
pecessary for successful learning and performance of the procedural
tagk. Tryout and revision (prior to television taping) also were

used in the present study.

i The techniques and procedures used in the present study
?esemble those used in varied types of programmed instruction,
perhaps more then those found in studies on film mediated procedura;
learning. However, they deviate in one respect from programed
efforts and are more like the earlier film studies. In some |
programmed efforts, procedural learning, involving long chained |
~esponses, tends to be taught in a backward order. The student
learns the last step first, then the last two steps, the last
:ﬁree, the last four, and so on. Thus, when a newly learned |
tep is performed it is always followed by an already learned
step which serves to reinforce it., In the present study, the
motor assembly was demonstrated in the order it was expected to
be learned and performed.

| It makes little sense to compare two different programs
aﬁtempting to teach the same thing. The outcome depends on how
well each was programmed to begin with., The comparison can be
made only if one program is a variant of the other, with the
wgriation jdentifiable in specific ways. Thus, if the same
demonstration could be presented, with only the order of events
e@anged, the forward and backward programming apporaches might
be assessed. It might be possible to do this. TFor the moment,
however, & few rational points, with speculation an admitted
agmponent, can be made.

As was pointed out above, one of the key features of backward
chaining, is the reinforcing and confirming nature of the already
learned step., In the demonstraticns prepared here, befare actually

arr

37

Pl a0 WP AL R




essembling a motor, sti:dents were given practice in recognizing
what crucial completed steps look like. Thus, when they assembied
a part or parts of the motor, they presumably knew whether they
had performed the assembly correctly (and the correct assembly
could reinforce/confirm their responses).
| Prior discrimination practice concerning correct assembly
characteristics can thus serve functions performed by the last
learned step in the backward chaining approach. Are there other
rational considerations (subject to empirical verification) that
might favor the "forward order" demonstration? Some theoretical
and logistical considerations do suggest themselves.

In mathetics, the term "operant span" is applied to describe
the length of the learning unit that can be handled by the learner,
that is, that enables him to respond correctly. An optimal train-
ing strategy is one that exposes the learner to as big an operant
span as he can handle. The less cued his performance, the more he
is "stretched" and the more likely he is to respond adequately to

ncued criterion situations. The first study in this volume has
amply indicated that the forward order demonstration of the entire
motor assembly adequately prepared most students to assemble the
entire motor with relatively few errors. Thus, by simply watching
a demonstration and with some recognition practice the student

can be assigned the largest possible operant span. In the backward
chaining approach, the entire procedure must, by regulation, be
broken up into several steps, so that each learned step can confirm
the preceding step.

Onc prractical consequence of the apparent requirement of the
resultinu, smaller operant span in backward chaining is the neces-
sity to practice steps over and over again (with the last step
practiced the most, the next to last step practiced the next most
often). This can result in greater time requirements than is the
case in the forward learning sequence, where, as was the case here,,
one practice trial was sufficient.
} Both the forward and backward approaches have the means to
reinforce/confirm the procedural elements (choosing, locating,
and ordering parts) in a procedural-motor task. Neither appears
to have an edge over the other in reinforcing/confirming the
notor-skill elements in such a task. There may be a variety of
ways to hold or move your hands and to get the job done, the correct
assembly may not reinforce the most efficient motor pattern.
Discrimination practice for this component may be & requirement
for either approach (forward or backward). If not used in the
beckward approach, the unit or operant span might have to be
nade even smaller to reinforce specific motor patterns.

, On the basis of the findings presented in this study, it appears
that programmed, forward-order demonstrations can effectively and
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efficiently teach procedural-motor tasks. Final judgment on issues
raised here and the verdict reached on such demonstrations will
depend on careful and more detailed identification of characterisiics
of various types of procedural Laske and the instructional strategy
best suited to, what may be qualitatively different, procedural
learning tasks.
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SUMMARY

. Two experiments were performed for this project on the use of
programmed demonstrations for procedural learning. The first
xperiment was concerned with two interrelated issues (a) the
aevelopment oL programming techniques for designing demonstrations
to teach procedural learning; (b) the investigation of the effects

n procedural learning of such variables as the size of the demon-
gtration unit and the mode of student practice following the
qemonstration. The second study replicated and extended the inves-
tigation of the relative effectiveness of alternative modes of

practice during and following demonstrations.

In both experiments seventh-grade students learned to assemble

& three-pole electrical motor after having watched a video-taped
monstration. Each demonstration was programmed so as to teach

students correct part selection, part location, and part assembly.

e learning experience included: watching a televised demonstration;
practice during the demonstration, recognizing how to assemble the
motor on the basis of multiple choice pictorial options; watching
qeview sequences; following the demonstration, either additional

ecognition practice or practice actually assembling a motor. All
qtudents assembled a three-pole motor as a criterion performance.

Results of Experiment #1.

|
Bize of the demone*ration unit.

(a) The larger the size of the demonstration unit observed
béfore students were permitted to assemble a motor, the
more errors students committed. However, the differences
among groups which had watched different sized demonstration
units were not significant.

There was a significant interaction, however, Letween the
"gize of unit" and "I.Q." Increasing the size of the
unit led to higher error frequencies in assembling a
motor primarily for low-I.Q. Ss.

There was also a significant interaction between "size
ef unit” and "mode of practice.” Students who, in
agdition to watching and responding to the original
demonstration, engaged in supplementary recognition
practice tended to be less affected by the increased
demonstration unit size than students who only watched

the ariginal @amansﬁm&&?on.
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Mode of practice.

|

(1) On the first assembly of the entire motor, the group
that had added recognition practice (before the first assembly)
made fewer errors on the first assembly then the group that did
not. This difference was not significant however.

(é) Among low=I.Q. Ss added recognition practice did
lead to significantly fewer errors.

(2) On the criterion assembly of the motor, the group that

had practice putting it together beforehand made fewer errors and
took less time (to & statistically significant degree) than the
group that had had recognition practice only. |

(a) Wnile all students who bad recognition practice
| made more errors than the actual practice group,
| this effect was more pronounced for girls.

Progremming strategy employed. '

‘ It goes without saying. that in the absence of comparision

data for some other programming strategy (varying in systematic and
jdentifiable ways from the one used here), it is not possible to
conclude that the program strategy used here was the most effective
one possible. However, on the basis of the obtained results, it

i8 reasonable to conclude tha? the strategy adopted was an effective
one.

Results of Experiment #2.

The findings reported here have paralleled those reported in
gtudy #1. As compared to recognition practice, actual practice in the
m@tcr assembly resulted in significantly fewer errors. The lowered |
error rate was statistically significant. In practical terms, error |
Y tes were low no matter what type of prior practice students engaged
z;tor, for that matter, whether they =ngeged in any practice at all.
Mﬁrely watching the demonstration, and in this experiment it was &
lengthy one, with the entire motor assenbly demonstrated before
eriterion assembly was allowed, enabled students to assemble a
motor with relatively few errors.

1 Completion times also revealed statistically significant
differences between recognition-and actual-practice groups (as they
had in Study #1). The magnitude of the differences appears to
have practical significance as well. The slowest of the actual-
gractice groups took approximately 23% less time on the criterion
practice.
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‘ Two contrasting approaches for teaching procedural learning

were discussed: (a) backward chaining; and (b) learning procedures

n a forward order on the basis of demonstration. A key feature
of the backward chaining approach is the possibility of the last
learned step providing confirmation for the practice of the procedural
#tep before it. It was pointed out that in forward order learning

of procedures, discrimination practice with what a correct assembly
loocks like makes it possible to provide the same kind of confirmation
at the completion of a step. |

| It was suggested that future research would do well to single
out the motor and procedural components of any given procedural-
motor task as a means of determining the contribution that various
;ypes of practice cantribute to each.
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@ Today you are going to learn how to
. put this kind of motor together.

@ At the end of the demonsiration
| that you are going to see, each
one of you will put a motor together.

® A mjor part inside this motor 1s
' the part that turns.

@ This is what the turning part looks
' 1ike when it is taken out of the motor.

Before you can put this big turning
part together, you have to be able
to recognize all these small parts

| that go into it.
@ There is some wire which is wrapped

 fg around here.
R This is what the wire will look
| 1ike before you put it on the

| turning part.
. fhere are two small tubes, one on

this side and one on this side. |
is is what the small tubes will |
~ ook 1like before you




@ There are two large vheels, one on
‘ this side and one on this side.

§ This is what the large wheels will

! look like before you put them om

; the twrning part.

é @ And there is a rod like this with

| metal parts on it. '
] \
= \
- @ let's see if you can pick out the

5 %,_* small parts that make up the turning

| | | ?art of the motor.

if ?urn to page A-1 in your workbook.

% ?ut an X below the picture that |

i ghows the small pieces that make

. up the turning part of the motor.

You should have put an X
picture B.

@ Now let's see how these parts are
.~ put together.

iet's see how they are assembled
to make the turning part.

4§ The first thing to do is to
 straighten the three long wires.



| |
. @ With a small piece of sandpaper,
sérape the coating from each end

of the wire like this.

® When you finish, about one inch of

each end of the wires should be
shiny and should look like this. |

Q When you finish doing this with all
three wires, place the wires on the

L  table.

@ Because the metal rod is so small,
Jét's use this large model to get
a‘b‘etter view of how the perts are

put together.

'E:}rst , take one large wheel and
put it on one side of the metal
rod like this.

® Then take the other large wheel
and put it on the other side of the
rod, like this. '

This is what it looks like when the
large wheels are put on the right

way .

p Next, take one small tube and put
‘ it right next to the large uleel




| ) Then take the other small tube and
o . put it right next to the large

| ‘ wheel on the other side of the rod

. | | like this. |

Q Turn to page A-2 in your workbook.
Put an X below the picture that
shows how the large wheels and small
tubes should be put on.,

#® You should have put an X below picture
C. |
Gn each side , there should be a
.~ large wheel and a tube like this.

@ let's watch the next step.
~ ake the metal rod and hold it by
‘ the long end, like this.

p Take one long wire and hold one end
- of it against the long end of the
| rod, like this. ’

@ Tilt the rod toward you, then wind
‘ the wire around this spoke.

'@ let's use this large model to get
. a better view of how the wire is

wrapped around the spoke.

mie wire goes over the top of the
spoke, in this direction.

Kéep winding the wire carefully, |
and tightly back and forth, like |
thin, Witdl the Fpo 18 covered




Keep winding until about one inch
@@ the wire is left sticking out
toward the long end of the rod,
like this.

® Also, when you finish, the wire

around the spoke should be tight
like this and it should cover
the spoke evenly all the way across.

As you can see on this real turning

g#rt, vhen you are done, there are

‘tﬁo wires about the same length

sticking out from the spoke.

Now let's wind the second spoke.
Hold the metal rod by the long
end again, like this.

‘Take another long wire and hold one
end against the long end of the rod.

Tilt the rod toward you and wind

the wire around another sﬁoke.

&gt's use the model again to see
how the wire is wrapped around
tﬁis spoke.

mhe wire must also go over the top
of this spoke like it did on the
first spoke.

Wind the wire carefully and
tight;yrarqunq the spoke.




Keep winding until about one inch
of wire is left sticking out toward
the long end of the rod, like this.

When you finish, the wire on the
second spoke should be tight and
it should cover the spoke evenly
all the way acroas.

As you can see on this real turning
part, you should also have two
wires of about the same length
sticking out from the second

spoke..

Turn to page A-3 in your workbook.
Put an X below the picture that
shows the spoke with the wire
correctly wrapped around it.

You should have put an X below
picture C.

Turn to pege A-4 in your workbook

for another problem.

Now look at the screen for & problem
on how the wire should be wound.

Here is choice A.

The wire on one spoke should be wound
over the top. The wire on the
second spoke should also be wound

over the top.

If this is correct, put an X next
to answer A.
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Here is choice B.

The wire on one spoke should be
wound over the tqg. The wire on

the second spoke should be wound

under the spoke.

If this is correct, put an X next
to answer B.

You should have put an X next to

answer A.

The wire must go over the top of
both spokes.

Once again, hold the rod by the
long end like this.

Take the last long wire and hold
it against the long end of the rod
like this.

Tilt the rod toward you and begin
to wind the wire.

Once again, let's use the model
to see how the wire is wrapped
around the empty spoke.

Wind the wire over the top of the
spoke, as you did on the first
two spokes.

Continue to wind the wire until
about one inch is left sticking

out toward the long end.
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When you finish, the third spoke
should look like the other two.
The wire should be tight and it
should cover the spoke evenly
all the way across.

As you can see on this real turning
part, you should also have two
wires of about the same length
sticking out from the last spoke.

As you can see, there are two
wires sticking out between these
two spokes.

There are also two wires sticking
out between these two spokes and

there are two wires sticking out

between these two spokes.

Take the two wires between these
two spokes and twist them together
like this.

When you finish, you should have

one wire.,

Now take the two wires from between
two other spokes, twist them to-
gether, and make one wire like
this.

Turn to page A-5 in your workbook.
Put an X below the picture that
shows which two wires should be
twisted together.




You should have put an X below
picture B.

Let's continue putting the turning
part together.

Twist together the two wires left
between the last two spokes and
meke one wire like this.

Take the three wires you have Jjust
made and press them in toward the
long end of the rod so that it
looks like this.

When you finish, the turning part
should look like this.

Turn to page A-6 in your workbook.
Put an X below the picture that
shows what the assembled turning
part should look like.

You should have put an X below
picture B.
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Let's review‘how to assemble the

turning part of the motor.

Here are the small pieces that
make up the turning part.

First, straighten the three long
wires. '

With a piece of sandpaper, scrape
about one inch of the coating from
each end of the three wires, until
the wires look shiny like this.

Pt one large wheel on each side
of the metal rod.

Then, put one small tube against
the .arge wheel on each side of

tne rod.

Hold one long wire against the long
end 6f the rod.

Wind the wire evenly over the top

of one spoke,

When you finish winding, you should
have two wires of about the same
length sticking out from the spoke.
The wire on the spoke should be
tight and it should cover the

spoke evenly all the way across.

Then wind the last two wires in
the same way over the top of the

two other spokes.




When you finish, you should have
8ix wires sticking out from the
spokes,

All three wires should be wound
tightly and evenly around the
spokes,

There should now be two wires
between these two spokes, between
these two spokes, and between these

two spokes.

Twist together the two wires from
bétween two spokes and make one
wire.

Twist together the two wires from
between these two spokes and make

one wire.

Twist together the two remaining
wires and make one wire.

Press the three wires you have made
toward the long end of the rod.

The assembled turning part should
look like this.

A1l
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@ Another major part inside this
motor is a plastic tube.

® This is what the plastic tube looks
1ike when it is taken off the
turning part.

® Before we can put this plastic tube
together, we have to be able to
recognize all the small parts that
make it up.

r @ There is a plastic cap with a ',‘
] hole in it on this end.

@® This is what the cap looks like
when it is not put on the plastic
tube.

There is a plastic ring on the tube.

This is what the ring looks like
when it is not on the plastic tube.

There are three "L" shaped strips

of copper around the tube.

This is what the three "L" shaped
strips look like when they are

not assembled.




And there is a long plastic tube
with ridges on it like this.

let's see if you can pick out the
small parts that make up this plastic
tube.

Turn to page B-1l in your workbook.
Put an X below the picture that
shows the small pieces that make
up the plastic tube.

You should have put an X below
picture A.

Because the tube is so small, let's
use this model to get a better

view.

The plastic tube has ridges that
run the length of the tube, here
and here and here. They are
peinted black to give you a better
view.

The first thing to do is to put

one of the "L" shaped copper strips
in the space between two of the
ridges, like this.

A-13




@® Put the second copper strip in

another space.

® The two pieces of copper must be
separated all the way down by a
ridge.

@ Put the third copper strip in the
last space.

® ‘' Ridges must separate all the
strips of copper.

® The bent over pieces must all be
at this end of the plastic tube.

® Turn to page B-2 in your workbook.
Put an X below the picture that
shows how the "L" shaped copper
strips should be placed around the
plastic tube.

® You should have put an X below pic=-

ture B.
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@ Turn to page B-3 in yowr workbook.
Put an X below the picture that
shows how the "L" shaped strips
of copper should be placed on the
plastic tube.

@ You should have put an X below
picture B.

® let's continue putting the plastic
tube together.
Take the plastic ring.

@ Slip the ring onto the tube,
like this.

@® Push the ring all the way down to
the end of the tube.
The ring is right against the
bottom pert of the "L", here.

® Finally, take the cap with a
hole in it.

® Push the cap onto this end of the
tube making sure that the cap goes
over the copper strips.

@ When you finish, the real plastic
tube should look like this.

® Turn to page B-4 in your booklet.
Put an X below the picture that
shows the way the ring and cap
should be assembled.




AN S
LR WA Y
Sl

* Ll
e 4

amy L

T4
TR bt

Y \* “, N
; ool gy, iy 6 R
SN LA b S T

@® You should have put an X below
picture A.

: Q

ERIC

Y A i Toxt Provided by ERIC

SE T . g B, e TG AT R APy

mﬁ?’%ﬁt‘%ﬁ’ WO ML SN e e :.».p(a:,\-az;-,.,‘/_!,.,\:,“ R T SN
W B R R U v




il A afe e LA

TR
gy L e

COMMUTATOR REVIEW

i g‘ R ST - LT ,

. .
S Wk . .

e A TV SRR N S O T S ST P oxs S




Jet's review how to assemble the
plastic tube part of the motor.

Here are the small pleces that
make up the tube part.

Put the three "L" shaped strips
of copper in the spaces between
the ridges on the long plastic
tube.

Be sure that the "L" shaped strips
of copper do not touch each other.

Next slip the ring onto the tube.
Push the ring all the way down to
the end of the tube next to the
bottom part of the "L."

Then put the cap with a hole in it
onto the end of the tube.

Make sure that the cap goes over
the copper strips.

When the plastic tube is completely
assembled, it should look like this.
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The third major part inside
this motor is the base.

» This is what the base looks like
when it is taken out of the motor.

Before you can put the base
together, you have to be able
to rezognize all the small parts
that make it up.:

There are two bent pieces of

copper, one here and one here.

This is what the two bent pieces
of copper look like when they
" are not assembled.

There are two tiny screws and
two tiny washers that hold the
bent pileces of copper in place.

There is a screw and washer
here and a screw and washer here.

This is what the screws and
washers look like when they are
not assembled.

:

There is & small plastic plat-

form mounted on the base.

This is what the plastic plat-
form looks like when it is not
mounted on the base.
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@ Finally there is the base
itself.

@® let's see if you can pick out
the small parts that make up
the base of the motor. Turn
to page C-1 in your workbook .
Put an X below the picture that
shows all the small pieces that

meke up the base.

@® You should have put an X below
. plcture C.

® Now, let's see how these parts

are put together.

@® The first thing to do is to
attach the platform to the base.

@ The platform goes on at this end
of the base. This end of the
base has two upright pileces of
metal that fit on the outside
of the platform. One here and
one here.
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In addition to the outside
pieces of metal, this end also
has two upright pieces of metal
that £it through these two holes
in the platform.

And this end of the base has one
big upright piece that fits in
this groove of the platform.

Let's use this model to get a
better view. That is what the
base looks like when nothing
is attached to it.

The end of the base where the
platform goes has these two
upright- pieces, these two upright
pieces and this lafge upright

plece.

Put the platform on the base, so
that Egggg.upright pieces of
metal in the base fit through
these two holes in the platform.
The big upright piece of metal
should fit in this groove.
These two pleces of metal are

on the outside of the platform
holding it in place.

Now take the screwdriver and
bend the pieces of metal that
slide through these holes 8o
that they hold down the platform.

I TR T T P s S ST O AR LT R A TR :
e T i Sk et e e T e C AT



e TR T ST R T R TR AT R TR R A T

@ This is what the real base looks
like when the platform is put on.

® Turn to page C-2 in your work-
book. Look at the screen for

the problem.

Should the platform go on this
end of the base or should it
go on this end of the base?

Put an X in your workbook below
the end ,’of the base on which
the platform should go.

@® You should have put an X below
this end of the base.

This is what it should look
like when the platform is put on.

® Turn to page C-3 in your workbook.
Put an X below the picture that
shows which way the platform should
be put on the base.

@® You should have put an X below
picture A.

@ Now, take one screw and put it
through the center of one of the
washers, like this.

@ Then, take one of the bent pieces
of copper end put the screw through
the big hole, in the middle.

A-21




Put the screw into one of the 'f
round holes on the platform.

As you can see, the long end of

the bent piece of copper is toward
the center of the plafform, here.
And the short end with a hole in
it is toward the outside of the :
platform. 3

Take the screwdriver and turn the
screw a few times.
But do not tighten the screw

completely.

Turn to page C-4 in your workbook.
Put an X below the picture that
shows where the long part of the

plece of copper should be.

You should have put an X below
picture A.

Now, take the other screw and
washer,

and put them through the big hole
in the middle of the other bent
plece of copper.

Put the screw in the other round
hole in the platform.

Turn the screw a few times with
the screwdriver. But do not
tighten the screw completely.




Once again, the long side is toward
the center of the platform.

Both long parts should be toward
‘the center of the platform and
both short parts ghould ~e toward
the outside of the platform.

This is what the base looks like
when it is correctly assembled.

Turn to page C-5 in your workbook.
Put an X below the picture that
shows how the bent pleces of
copper should be put on the
platform.

You should have put an X below
piCture B.
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let's review how to aséamble the
base of the motor.

Here are the small parts that
make up the base.

First, attach the platform to the
base, and bend the upright metal
pleces that go through the holes
in the platform to keep it in

place.

Next, put a screw through one of
the washers. Then, put the screw
through the big hole in the center
of the bent piece of copper.

Put the screw into one of the
holes in the platform. Turn the
screw a few times, but do not
tighten it completely. The long
part of the plece of copper should
face toward the center.

® Do the same thing on the other
side.

@ VWhen the base is correctly assembled,
it should look like this. Both
long ends of the pieces of copper
should be facing the center.
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There are three major parts to
this motor.

There is a plastic tube.

This is what the plastic tube
looks 1ike when it is taken out
of the motor.

There is a turning part.
This is what the turning
part look like when it is
taken out of the motor.

And there is the base.

This is what the base looks like
when the plastic tube and the |
turning part are not attached ]
to it.

Now, let's see how these parts

are put together.

Iet's use the model to get a
better view of the next step.

Take the turning part and the
plastic tube. They are assembled
first.

With the "L" shaped copper strips
facing toward the long end of the
metal rod, slide the plastic tube
onto the long end of the metal
rod. The "L" shaped strips should
touch this small tube.
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@ Rotate the tube so that the ends
of the "L" shaped copper strips
are between the spokes of the
turning part.

@® There should be a strip of copper
between these two spokes, between
these two spokes, and between these

two spokes.

@ Teke the twisted wire between
two poles and wrap the shiny
ends around the tip of the "L"
shaped piece of copper that is
between the same two spokes.

Be sure to wrap the wire tightly.

® Take hold of the second twisted
wire between two other spokes and
wrap it tightly around the copper
strip that is between the same

two spokes.

@® Turn to page D-1 in your booklet.
Put an X below the picture that
shows the turning part and tube

correctly assembled.

@ You should have put an X below
picture B.
This -is what the real parts look
1ike when the tube and the turning
pert are correctly put together.
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® Using the model, let's continue

putting the parts of the motor
together.

Take the last twisted wire and
wrap it tightly around the third
metal strip.

@® Now, let's attach this part of the
motor to the base.

it

@® Put the end of the turning part
with the tube on it between the
bent pieces of copper and through
the hole in this upright piece
of metal.

@ bend this upright piece of metal
back a little bit and put the

{ short end of the rod through the

hole in it.

@® The turning part and tube should
turn easily when they are put
on the base.

@® Slide one of the copper pieces
that are attached to the platform
toward the center of the platform
as far as it will go. It should
touch the tube. Hold it there.
With the screwdriver, tighten
the screw all the way.

® On the other side, slide the bent
piece of copper toward the center,
as far as it will go and hold
it there. This copper strip should
also touch the tube. Now tighten

the screw.
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@ When you finish, this is what the
real parts of the motor should
look like. Both pieces of copper
should be touching the plastic
tube.

@ Turn to page D-2 in your workbook.
Put an X below the picture that
shows where the two bent pieces
of copper should be.

@® You should have put an X beJ.ow :

picture A.

® To complete the motor, you have

to attach a magnet here.

@ This is what the magnet looks like
when it is not attached.

® The edges of the magnet fit into
the slits here and here on the
platform.

With your fingers, squeeze the

sides of the magnet together and

slide-the edges of the magnet

into the slits. When the magnet

is correctly in place, these metal

5 B swmg strips in back of the magnet will
| hold it firmly.

@ Turn to page D-3 in your workbook.
Put an X below the picture that
shows the magnet correctly put

on the base.




You should have put an X below
picture B.

Both edges of the magnet fit into
the slits on the platform, like
this. ‘

Next, with a small piece of sand-
paper, scrape the coating from
both ends of each of these short
wires.

When you finish, about one inch
of each end of the wires should
be shiny.

One end of the wire goes through
this hole in the bent piece of

copper.

Take one short wire and slip
it through the hole.

Wrap the wire tightly around the
bent piece of copper, a few times.

Take the other short wire and

put it through the hole in the

other bent piece of copper.
Wrap it around the bent pilece
of copper, a few times.

The next step 1s to attach the
wires from the motor to the
battery holder.

Put one of the wires through
the hole in one of the upright
pleces of metal.

Wrap the wire tightly around the
upright piece of metal.
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@® Put the other wire through the
hole in the other upright piece
of metal. Wrap the wire tightly
around it.

The assembled motor should look
like this.

@® To start the motor, put the battery

in the battery holder.

The ends of the battery should
be touching the battery holder

here and here,

To stop the motor, remove the
battery from the battery holder.

® Turn to page D-4 in your workbook.
Put an X below the picture that
shows which ends of the bent
pieces of copper the wires should
be attached to.

@® You should have put an X below

picture B. The wires should
be attached to the ends that have
the holes in them.

® Turn to page D-5 in your workbook.
Put an X below the picture that
shows how the wire should be
attached to the bent pieces of

copper.
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® You should have put an X below
picture B. The wires should
be wrapped tightly.
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let's review how the three major
parts of the motor are assembled
and the entire motor is completed.

First, slide the plastic tube onto
the turning part, until the ends
of the "L" shaped copper strips
touch the small tube. Each copper
strip is between two spokes.

Wrap the twisted wire between
two spokes around the "L" shaped
strip of copper that is between
the same two spokes.

Do this with all three twisted
wires.

Put the assembled part onto the
base with the tube between these
upright copper strips.

Slide one of the bent pieces cof
copper toward the center of the
platform until it touches the
tube. Then tighten the screw.

Do the same thing on the other
side.

Be sure that both bent pieces of
copper are touching the plastic
tube.

Squeeze the sides of the magnet
and slide the magnet into the
slits on the platform.
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® Then sandpaper the ends of the
wires. Be sure that about one
inch of each end of the wires
is shiny, like this.

@® Put the wires through the holes
in the bent pieces of copper, and
wrap the wires tightly around
the bent pieces of copper.

® Attach the wires to the battery
holder. To start the motor, put
the battery in the batter holder.
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In learning how to do something,
it is always important to get
some practice.

Which of these turning parts has
the wheel put on correctly?

Turn to page E-=1 in your workbook.
Put an X below the picture that
shows the wheel in the correct
position.

You should have put an X below
picture B. The wheels and the
spokes should be lined up.

Is this turning part correctly
assembled?

Turn to page E-2 in your workbook.
Answer the question on that page.

If your answer is no, circle
the part in the picture that is
in the wrong place.

You should have marked Eg,and
circled this tube.

This tube should go on the other
side, like this.




® Look at these wires. Are they

ready to be put on the turning
part?

Turn to page E-3. Put an X beside
all the wires that are ready to
be put on the turning part.

You should have put an X beside
the top wire and beside the
bottom wire. |

The end of the middle wire needs
tc be scraped with sandpaper and
made shiny.

When you start to wind the wire,
you hold the wire against one end
of the metal rod.

Turn to page E-4. Do you hold
the wire against this end or
this end? Put an X below the
end that you hold the wire
against.

You should have put an X below
the lcng erd of the rod.

® Turn to page E-5.

Which spoke is correctly wound?
Put an X below it. '
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@® You should have put an X below

picture A. The wire is wound
tightly and spreads evenly all
the way across.

Watch how the wire is being wound.
Is 1t being done correctly to
both spokes? The wire goes over
the top on one spoke. The wire
goes under the bottom on the next

spoke.

Turn to page E-6. Check whether
the wires were correctly wound.
If one wire goes over the top on
one spoke, should the wire on the
second spoke‘go under the bottom?

You should have checked no.
Both wires should have gone over
the top.

When you finish winding, part of
the wire should be sticking out.
Which one of these turning parts
has the right amount of wire
sticking out?

Turn to page E-7. Put an X below
the picture that shows the right
amount of wire sticking out.

You should have put an X below
picture 3. Both wires should
be sticking out the same amount,
about one inch.
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After the wires are wound, you
must twist them together.

Turn to page E-8. Put an X
below the picture that shows
which two wires should be twisted
together.

You should have put an X below
picture B. As you can see on the
screen, the two wires from between
two spokes should be twisted
together.

Are the correct wires twisted
together here?

Turn to page E-9. Answer the
question on the page.

You should have answered yes.
You should twist the wires from

between two spokes.

Which two wires should be twisted
together?

Turn to page E-10. Put an X
below the two wires that siould
be twisted together.

You should have put an X below
wire B and wire C.

These two wires between two spokes
should be twisted together.
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® Turn to page E-12.

Put a circle around all the small
parts that make up the turning
part. You will have half a minute.

® Look at the screen.

You should have circled all these
parts.
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@® Wwhich of these tubes has the
metal strips put on correctly?

Turn to page F-1 in your workbook.
Put an X below the picture that
shows the metal strips put on

the tube correctly.

@ You should have put an X below i
picture A. The bent parts should ;
all be at the same end.

@® Are the metal strips correctly
placed around this tube?

Turn to page F-2 in your workbook.,
Answer the question on that page.
If your answer is no, write down '
what you would do to correct the
problem. ’

@ You should have marked no and
said that you would separate the
metal strips so that they don't

touch.

@® Which of these two tubes has the
plastic ring correctly put on?

Turn to page F-3. . Put an X
below the picture that has the
plastic ring put on correctly.

@® You should have put an X below
picture B. The plastic ring
goes right against the bent
ends of the metal strips.
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Which of these two tubes has the
plastic cap put on correctly?

Turn to pege F-4. Put an X
below the picture that shows the
pléstic cap correctly put on the
tube.

You should have put an X below
picture B.

The plastic cap goes over all the
metal strips.

Turn to page F=5.

Put a circle around all the small
parts that make up the plastic
tube.

Look at the screen.

You should have circled all these
pafts.
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On which end of the base does
the platform go? Here or here?

Turn to page G-1. Put an X
below the end of the base where
the platform should go.

Lbok at the screen again.

You should have put an X below
this end of the base.

Which of these two platforms 1is
put on the base correctly?

Turn to page G-2. Which one-of
these two pictures shows the
platform put on the base correctly?

You should have put an X below
picture A.

Which of these is assembled
correctly?

Turn to page G-3. Put an X below
the picture that shows the screw,
vasher and piece of copper assembled

correctly.

You should have put an X below
picture B.

Is the piecé of copper correctly
attached to the platform?

_Turn to page G-4. Answer the

qnestion'on that page.

You should have marked,xg_.




@ Are both pieces of copper put on
the platform correctly?

Turn to page G-5. Answer the
question on that page. If you
answer no, circle the plece of
copper that is put on incorrectly.

® You should have marked no and
circled this piece of copper.

The end with the hole in it should
face toward the outside of the
platform.

® Turn to page G-6.

Put a circle around all the parts
that make up the base.

@® Look at the screen.

You should have circled all these
parts.
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@ VWhich of these tube parts is put
on the turning part correctly?

Turn to page H-1 in your workbook.
Put an X below the picture that
shows the tube part put on the
turning part correctly.

You should have put an X below
picture A. The "L" shaped ends
go against the small tube on the

turning part.

Look at these "L" shaped pleces
.of copper. What position should
they be in?

Turn to page H-2 in your workbook.
Put an X below the picture that
shows what position the "L" shaped
pleces of copper should be in.

You should have put an X below
picture B.

The "L" shaped pieces of copper
should go between the spokes on
the turning pert.

Turn to page H-3 in your workbook.

Circle the wire that should be
twisted around the piece of copper

marked _1_&._ .

The piece of copper marked A

is between these two spokes.

You should have circled the wire
between the same spokes.
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@ Are the bent pieces of copper
in the correct position?

L

Turn to pege H-I. Answer the
question on that page.

If you answer no, circle the part ]
that is not assembled correctly. A a

@ You should have marked no and put
L a circle around this pilece of

copper. Both pieces of copper | |
should be touching the tube part. i

@® Is this magnet put on the base

correctly?

Turn to page H-5. Answer .the »
question on that page. *

L ® You should have marked no.
: ' | Both edges of the magnet should
£it into the slits in the platform.

@ Is this wire ready to be attached
to the copper strips on the plat-

form?

Turn to page H-6. Answer the
question on that page.

. If your answer is no, write down
what you would do to make it

ready.

@ You should have said no and
said that you would sandpaper
this end of the wire.

About one inch at each end of the
wires should be shiny.
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@ VWhich piece of copper has the

wire correctly attached to it,
this one or this one?

Turn to page H-7. Put an X below
the piece of copper that has the
wire attached to it correctly.

You should have put an X below
this piece of copper.

The wire is attached to the end
with the hole in it.

Turn to page H-8.

Put an X below the plece of copper
that shows the wire correctly
wrapped around it.

You should have put an X below
this piece of copper.

The wire should be wrapped tightly.
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Workbook for response=-practice during demonstration.

Workbook for recognition response=-practice following

demonstration.
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Spoke number 1 -- over the top Spoke number 1 -- over the top

Spoke number 2 -~ over the top Spoke number 2 -- under the bottom
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Were the wires correctly wound?

Yes No










Are the correct wires twisted together?

No

Yes
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Circle all the small parts that make up the turning part.
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F=2

Are the metal stripe correctly placed around

this tube?

Yes No
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G-5
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Are both pieces of copper put on the platform correctly?
YES NO
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CONNECTING MAJOR PARTS PRACTICE
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LOCATION

CONDITION
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H-5

i Is this magnet put on the base correctly?
|

Yes No
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Is this wire ready to be attached to the copper strip on the platform?

Yes

No
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APPENDIX D

Observer Form for Recording Student Errors on Motor Assembly
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