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INTRODUCTION

Instructional developers are often required to select
instructional design components from a wide variety of elements
and combine them in ways that maximize their benefit to the
learnexr. The basis of that selection depends on several factors
-- the type of learner, the nature of the learning task, the
appropriateness of the subject matter, and its interestingness.
One such instructional design component is the analogy.

An analogy compares similarities between something concrete
and something abstract, when the two things are otherwise
unrelated (Souder, 1981). It has the ability to wmake the
unfamiliar familiar (Gabel & Sherwood, 1980; Dreistadt, 1969).
This permits the learner to relate his or her own reality to an
abstract or otherwise unknown phenomenon.

An analogy is often expresgsed as an explicit comparison (as
opposed to the more implicit metaphor) between one area of
knowledge and another area of knowledge that is coapletely
outside the first (Ortony, 1979). A critical attribute of an
instructionally useful analogous relationship is that one element
is within the prior knowledge of the learner, while the other is
distinctly unfamiliar (Reigeluth, 1980).

A simple analogy is structured into three main parts---—the
topic (the new content), the vehicle (the familiar content), and
the words "is like" (Verbugge & McCarrell, 1977; Ortony, 1979).
Although different in composition, the topic and the vehicle
share a relational structure (Gentner, 1980). In the analcgy,
"An atom is like the solar system,"” "an atom™ is the topic, while
"the solar system” is the vehicle (Gentner, 1980).

A simple analogy can be enriched@ for the learner by adding
grounds and limitationa. The grounds are the shared attributes
of the topic and vehicle and supply the rationale for them
(Verbrugge & McCarrell, 1977; Ortony, 1979). Grounds for the
analogy above way specify that the sun has planets that revolve
around it, much like the nucleus has electrons revolving around
it; and the revolving objects of both are attracted to the
central object by a force (Gentner, 1980).

The second way of enriching an analogy i3 to describe the
limitations to the analogous relationship (Reigeluth & Stein,
1983; Bayes & Tierney. 1980). If these limitations are not
presented, the student may push the analcgy toco far and
overgeneralize as to other "orounds” in the relationship that do
not exist (Reigeluth, 1980; Smith & Wilson, 1974). An example of
a limitation relaced to the above analogy might be that electrons
repel each other while planets do not (Gentner, 1980).

Gabel and Sherwood (1980), however, disagree with the
presentation of grounds and limitations when using analogies to
enhance learning at the recall 1level. They assert that this




causes the learner to assune a passive role and advocate,
instead, presenting the analogy only and allowing the learner to
extend the analogy him/herself.

One barrier to the effective use of analogies occurs when
the learner does not understand or lacks the background knowledge
of the vehicle (Bayes & Tierney, 1980). This may cause the
learner to confuse the vehicle and topic, thereby harming, rather
than helping, the¢ learning process.

Gabel and Sherwood (1980) investigated the use of analogies
in chemistry instruction. Their results showed no significance
betveen groups with passages containing and not containing
analogies when asked to recall inforsation. However, they later
discovered that almost half of the students in their study did
not understand 908 of the analogies presented. They found that
students who did understand the analogies scored significantly
higher than those who did not. Although that part of the sample
vas too small to confirm generalizability, it appears to be
important that analogous material be familiar to the learner.

Another Lindrance to the effectiveness of analogies in
instruction occurs when the number of 1limitations to the
relationship is so great that the grounds are minimal and
remote. An inappropriate analogy can mislead the learner and
actually cause a decrease in learning (Pylyshyn, 1973).

Analagy as an Instrngtional Stratagy

There are geveral reasons why znalogles are hypothesised to
be important instructional strategies. They relate new knowledge
to. a closely related body of previous knowledge, while building
on that prior krowledge (Sari & Reigeluth, 1982; Reigeluth,
1980). They are excellent conceptualization devices which, while
helping to concretisze thinking, also may greatly impact upon the
development of visual imagery, an important part of the learner's
cognitive process (Jorgensen, 1980; Pylyshyn, 1973).

When used effectively in a message, analogies may provide a
concrete understanding of highly abstract content, thereby
instructing in a clearer, more meaningful manner than had they
not been included (3ouder, 1981; McCroskey & Combs, 1969).
Analogies help the learner to build a cognitive schema or
framework (Rumelhart & Norman, in press; Hayes & Tierney, 1980)
vhen encountezing complex content for which the learner may not
be cognitively prepared (Royer & Cable, 1975).

Although analogies have been used in a variety of content
areas, many of the studies related to their effectiveness have
been in the area of science instruction (Bielinski, 1980; Rigney
& Luts, 19763 Smith & Wilson, 1974; Gabel & Sherwood, 1980).
Science content contains many complex, abstract ideas, often
remote from the learner's experience. Scientific concepts often
require formal thinking, and the use of analogies makes formal
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concepts more concrete (Gabel & Sherwood, 1980).

Bielinski (1973) studied the effects of using verbal
analogies to teach ninth-grade physical science for different
ability levels in various content areas within science. BHis
results showed no significant difference between teaching. with
and without analogies. However, in this study, aralogies were
grcunted a8 a separate exercise; i.e., the solving of twenty-
ive analogies weekly over a nine month period. It would appear
tha:tl: the students were given no context in which to apply the
analogy.

Reigeluth (1980) suggests that the analogy be used, instead,
as an embedded cognitive strategy activator (Rigney, 1978), which
requires the learner to use a particular cognitive strategy that
facilitates learning. The embedded activator is incorporated
into the instruction in such a way that the learner is forced to
use it and is unaware that he or she is using it.

In investigating the relationship of intelligence level to
the benefits of analogies, several contradictions have appeared.
Sternberg (1977) found that high ability students benefitted most
from analogies in learning complex material. On the other hand,
Bell and Gagne (1979), in a study of the effects of verbal
analogies and quantitative and verbal aptitudes on the recall and
co:g:ohonuon of a technical text, found that high ability
students performed significantly better in the no analo
condition when learning complex material. However, severa
conflicting results occurred, and a difference in processing
strategy was proposed as a possible cause. Similarly, Gabel &
Sherwood (1980) found that analogies helped lower ability,
concrete thinkers to learn abstract chemistry concepts more than
higher &2bility 1learners. They reasoned that high abilit
students were already able to think at the formal, abstrac
level; therefore, it was unnecessary to make formal concepts
concrete for them. ‘

All of the studies cited above 1looked at the use of
analogies in the recall of specific facts only. Few studieas have
dealt with the use of analogies at the application, or
use-a-generality level of instruction (Merrill, Reigeluth &
Paust, 1979). The use-a-generality level requires the student to
implement or apply a generality to new cases.

Curtis (Note 1) conducted a study using analogies with
varying levels of enrichment to teach computer flowcharting to
sixth graders. The results of this study failed to support the
hypotheses that the richest analogies would result in the most
learning and that all treatment groups would do better on the
application~level posttz3t than the no analogy control group.
There were, however, several methodological problems in this
study. The content of the instruction was, in fact, concrete
procedures for which analogies were unnecessary. 1In addition,
the analogies were different for each of the procedures being
taught, which may have diluted their power. Pinally, the test
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lacked sufficient power to indicate any significance, since it
coasisted of only eight questions. Hence, there is a clear need
for more research on the effects of analogies for
use-a-generality level learning.

Analogy as a Motivational Strategy

When a learner is faced with complex materials on which s/he
must intensely concentrate, strong motivation is usually a
necessity (Dreistadt, 1969). Although subject matter is often
intrinsically motivating, the way in which {t is presented may be
unappealing and uninteresting. The use of good instructional
strategies, such as analogies, helps instruction to be both
effective and efficient, while at the same time influencing
student wmotivation. . (Reigeluth & Merrill, 1979). In turn,
motivation influences both effort and performance (Keller,
1979). Reminding students of related knowledge that they have
already acquired allows them to more easily comprehend that which
they are about tc learn, informs them of its relevance, and
serves s a bridge to the new knowledge (Dick & Carey, 1978).

Keller (1983) advocates the use of analogies in his ARCS
(Attention, Relevance, Confidence, BSatisfaction) motivational
design model to provide relevance and interestingness. The model
identifies analogies as an important motivational tool f£or
providing both concreteness and a linkage to past experiences.
Analogies may help provide a motivational strategy which arouses
intereat by furnishing a bridge from new, unfamiliar or remote
naterial, wvhich can often be difficult and boring, to concrete,
familiar material (Nelson, 1975; Dodge, 1980). McConnell (1978)
suggests using analogies to help the 1learner become more
personally involved with the content, thereby msking it more
important, useful and relevant. Although studies report higher
enthuasiasa for instruction that includes analogies (5mith et.
al., 1980; Hayes & Tierney, 1980), evidence was collected
strictly through informal observation.

In summary, there is a need for instructional design
components which help otudents, particularly those of low
ability, to learn abstract concegts and principles commonly used
in science instruction. There is an equally important need to
design and develop effective and appealing instructional
materials for high ability students. Most studies investigating
the use of analogies as instructional strategies use them on a
recall rather than application level. 1In addition, few offer
support for both their instructional and motivational value
(Hayes & Tierney, 1980).

The present study sought to determine the effects of
analogies of varying enrichment levels when used with abstract,
unfamiliar and difficult content. Both the achievement and
motivational effects were studied. 1In addition, it attempted to
learn their effects on instruction at both the recall and
application levels, using content corsisting of both concepts and

7




principles. On the basis of pievious research, the following
hypotheses were proposed:

l. T%The use of analogies will make difficult and abstract
content more intarasting and relevant to all students.

2. When given materials containing no analogy, 2 simple
analogy, and an “"enriched®” (containing dground and
limitation) analogy, all students will find the enriched
anzlogy tzeatment wmore motivating than the other two
treatmints.

3.. Average and lower ability students will achieve higher
poattest and retention fent scores on both the recall and
afpucatton levels with the enriched analogy treatment than
with the other two treatments; whereas, higher ability
students will achieve higher posttest and retention test
scores on both the recall and application levels with the
simple or no analogy treatments than with the enriched
analogy treatment.

METHODS

Subjects

The subjects of thfis study were 123 eighth-grade science
students at a suburban middle school near Syracuse, New York.
The school district is predominately white, middle ¢to
upper-middle clas.i. Students consistently score above the

2attona1 average on standardized reading and math achievement
ests. .

The students comprised five heterogeneous eighth-grade
classes in the school. There were 71 females and 52 males. The
general ability level of each student was rated by the science
teacher who worked in a team—teaching situation which gave him
sufficient knowledge of overall ability. Eighth grade students
vere selected because their science subject matter was considered
to ?o :t: a complex enough level to lend itself well to the use of
snalogies.

Deaign

A posttest-only experimental desian was used, with an
immediate test and a delayed test. The delayed test was
administered two weeks subsequent to the treatments. The
statistical design was a 3 x 3 ANOVA on each dependent variable.

Instructional Task and Haterials

An instructional booklet and a posttest booklet were
distributed to each student. The instructional booklet contained
one page of dAirections, s8ix pages containing a different
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scientific topic of instruction followed by a motivational rating
scale comparing all six topics.

The six instructional topics were alloys, cryogenics,
isotopes, half-life, Ohm's Law, and the Doppler Bffect. Since
there were six topics, each student received two of them
containing no analogies, two containing the analogies only, and
tvo containing enriched analogies. All six topics were
adninistered to each student, four on scientific concepts and two
on' scientific principles. Each contained a written expository
passage.

The basic passage for each topic was identical in all
treatments. The passages ranged in length from 89 words to 154
words, with an average of 119 words. They contained no exanples
or illustrations. Two of the passages are shown in Figure 1.

INSERT FIGURE 1 ABOUT HERE

ZIreatments

All materials were pilot tested for difficulty level and
amount of time required to complete. There were three treatment
groups for each of the six topics: no analogy, simple analogy,
and enriched analogy. The basic passage remained identical for
all three treaments. The no-analogy group contained only the
basic passage. The simple-analogy treatment also contained a
one-sentence statement of the analogy, while the enriched-analogy
treatment contained the simple-~analogy statement plus the grounds
and limitations. The analogy was presented before the passage.
The two enriched analogies for the passages in Pigure 1 may be
seen in Figure 2.

INSERT FIGURE 2 ABOUT HERE

Within each booklet, two topics contained no analogy; two
topics centained a simple analogy; and two topics contained an
enriched analogy. The way in which the treatments were assigned
to topics and the sequence of the topics were both systematically
varied as shown in Pigure 3. One booklet was then randonmly
ansigned to each student. Because all students received all
treatments, there was no sampling bias overall.

INSERT FIGURE 3 ABOUT HERE




ALLOYS

An alloy is 2 solid mixture consisting of at least two metals. One
of those metals makes up the chief part of the allay. It is called its
basic component. When these metals are mixed with each other in a molten
form and then allowed to harden into a solid mass, they do not form
distinct layers. They form & whole new substance.

Alloying metals produces changes in density, strength, hardness and
melting point. Most alloys are more flexible than the pure metals from
.21::. they are made. Alloying may also produce changes in the conductivity
of t.

-e o= - - OB EG G NN G N I G W @ e O S

DOPPLER EFFECT

The pitch of a sound is determined by the length of its sound waves.
The greater the wave length, the higher the pitch. A change in pitch can
be caused by the Doppler Effect, nmamed for its discoverer, Christian
Doppler, a 19th century Austrian physicist.

The Doppler Effect is a change in wave length caused by the motfon
of a wave source. As a sound source approaches you, its movement crowds
its sound waves together, causing a higher wave length or frequency and
higher pitch. As a sound source passes you and moves away, the pitch of
the sound you hear decreases. The sound waves are now farther apart.
Both the frequency and pitch of the weves decrease.

The Doppler Effect may also be produced if you move toward the source

.of the sound. The pitch of the sound increases as you move toward the
source and decreases as you move away from it

L2 A YL DL LY P DT LYY P Y Y P e PPy L LY P YL LT Ll L LUl Ll L L Ll Lo d oot d ol de o

Figure 1. Basic passages for topics 1 and 3.
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An alloy is much 1ike a cake you have baked. You take a bunch of
different ingredients, mix tihem together and when finished a whole new
substance 1s formed that is bigger, heavier and tastier (hopefully!)
than any of the individual ingredients.

........... LA L L Ll LY LY DY L Y T Y Y 1 13

The Doppler Effect s much 1ike what happens when you go out in a
smil boat. When you travel against the waves, they strike the boat
with a relatively high frequency, resulting in quite a choppy ride.
However when you travel with the waves, they catch up to the boat more
slowly, hitting the boat with a relatively low frequency. However,
the Doppler Effect involves sound waves rather than water waves.

Figure 2. Enriched analogies for topics 1 and 3.
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1 2 5 6

Student 1 NISIE}JN]SI]E

Student 2 SIE|N]SJEIN

Student 3 EINY|S EJ L
TOPICS

Student 1 11213 14]51]6
Student 2 213}1}{5161]4
Student 3 311]216141}5

Figure 3. Systematic varfation of topics and treatments for students
N = no amlogy, S = simple analogy, E = enriched analogy
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Inats and Neasures

Pollowing each sage, students completed motivation
subscales 1-4 for rating the passage for interestincaess and
relevance using an Osgood differential scale (see Figure 4).
!'onw:lng all sixz passages, students were asked to rate the
interestingness of each passage as it compared ts the other
passages.

INSERT PIGURE 4 ABOUT HERE

A posttest was administered directly following completion of
the treatments. It consisted of 60 multiple-choice questions.
There waere five recall-level and five appication-level questions
for each passage. Questions related to the basic passage only.
Examples of recall-level and application-level test items for the
passages in Pigure 1 apr.ar in Pigure 5.

INSERT PIGURE S ABOUT HERE

A delayed (retention) test was administered two weeks after
the treatment and posttest. It contained 30 multiple-choice
questions. There were three recall-level and three application-
level questions for each passage, similar but not identical to
the posttest questions.

After completion of all treatments, the science teacher put
an ability level rating for each student (l=high, 2=average,
3=)ow) on each posttest.

RProcedures

Before conducting the study, a series of meetings was held
betveen the researcher and the eighth grade science teacher in
order to select appropriate content and design materials that
contained concrete, familiar analogies for abstract, unfamiliar
concepts and principles. In addition, to maintain a natural
classroom context for the atudents, tia2 science teacher
administered all treatments without the researcher present.

When the students arrived for their regular science class,
each was given an instruction booklet and a posttest. The order
of the topics in each booklet, was randomized by grours of three;
i.e., the first group contained passages on alloys, cryogenics,
and Ohm's Lawv, while the second group contained passages on
half-life, isotopes, and the Doppler Effect.

Students were instructed to read each passage and ocomplete

each motivation scale. After completing the instruction booklet
they closed it and turned it upside down on their desks. Then
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Please circle the number that best describes the way you feel about what

you have jJust read.

I found the subject of this passage to be:

L .. -2 3 4
Very Somewhat “Somewhat Very
boring boring interesting {nteresting
I thought that the way this passage was written made it:
1 2 3 4
Very Somewhat  Somewhat Very
interesting interesting boring boring

When something is relevant, it means that it {is related to something
else you have learned or know. This reading was:

] 2 3 4
Extremely  Somewhat Not very Not at all
relevant relevant relevant relevant

After reading this passage, I would 1{ke to learn more about ALLOYS:

1 2 3 4
Not at Yery Somewhat Yery
all T1ittle much

Figure 4. Motivation subscales 1-4 for topic 1.




Analogy 1;

Analogy 4;

Key:

Figure 5

Significaut Interactions for Achievement Measures
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they were directed to open the test booklet and complete the
quastions in the remainder of the forty minute period. They were

not allowed to refer to the instruction booklet after beginning
the test.

Iwo weeks later, the science teacher administered the
deluyed test. Students were given about half a class period in
which to finish.

RESULTS

The following are the results on the two sets of dependent
vaciables-—-1.2tivation and achievenent.

Motivation Measurea

All 123 students completed the motivation rating scale for
each of the six topics. It consisted of five subscales:
Interest In Topic, Interest In Pormat, Relevance, Interest In
Learning More About Topic, and Interest Level Compared To Other
Topics. 1In addition, a total motivation score consisting of the
sum of the five subscales was determined for each topic. The F
ratios and significance levels for all six motivation measures
are summarized in Table 1, and the means are reported in Table
2. Vhenever a significance level of .05 was reached, Duncan's
Multiple Range Tests was used to identify which of the three
means differed significantly (see Table 3). The topics are
listed in order of difficulty (from least to most) in all
tables. 8ince ability main effects were not of interest in this
study, they are not reported.

INSERT TABLES 1, 2 & 3 ABOUT RERE

It was stated in hypotheses 1 and 2 that the use of
analogies would make difficult and abstract content more
interesting and that the enriched analogy would provide the most
motivating instruction. PFor the subscale, Interest In Topic,
three of the six topics had significant or near significant
results. Por Topic 1, the simple analogy was rated higher than
both other treatments, vhile in Topic 5, the snriched analogy
treatwment scored significantly higher than the other two groups.
In Topic 2, the enriched analogy treatment approached
significance over the no analogy group.

Por Interest In Pormat, three of the six topics also had
significant or near-significant resultas. Por topic 2, the
. analogy apprcached significance over no analogy, but for

topic 3 the no Aanalagy treatment approached significance over the
simple analogy. For topic 5, the enriched analogy treatment
scored significantly higher at the .0005 level than either of the
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Table 1
Significance Lavels on All Motivation Msasures for All Topice
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Table 2
Means, Standard Deviations and n's for NMotivation Measures

Mo Anglogy Sisple Analogy Enriched Analogy
Nean(3SD) n Hean(3D) n %ean (SD) n

® ‘1 .o 0062
: 1A o 2.75 0.74
M 2,25 0.8
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. Table 3
. Duncan's Multiple Range Test Results Por All Main Effects

Reaching or Approaching Significance on Motivation Measures

Anterest in Topic
Topic 1s Alloys

Simple Analogy Enriched Analogy No Analogy F P
2.80 ' 2,44 2. % .50 .01

Topic 2 bryogcnics
Enriched Analogy Simple Analogy No Amalogy F° p
3,08 __2.80 2,70 2.58 .08
Topic 51 Half-ligfe , ' .
| Enriched Analogy No Analogy Simple Analogy F p
3.10 2,70 2,5 4.88 .009

Interest ip Format
Toplc 2: Cryogenics
Enriched Analogy Simple Analogy No Analogy F p
2,86 2,76 2.48 2.85 .06
Topic 3: Doppler Effect '.
No Analogy Enriched Analogy Simple Analogy F p
2:95 -2:73 2,55 2,63 .08
Topic 5: Half-life
Enriched Analogy No Analogy Simple Analogy F p

3.07 2,68 2.37 8.18 0005
Relevance

Topic 4: Ohm's Law

Enriched Analogy No analogy Simple Analogy F P
L} 2,73 2,38 2,12 3.35 .04
‘ (Cont.)
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Table 3 (Cont.)

Interest in Learning More About Topic
'l"opic 1:s Alloys

Simple Analogy Erriched Analogy No Analogy
2,66 2.2 _2.17

Topl -
oplic gx'xr l{g f-1life

ed Analogy No Analogy Simple Analogy
2:80 £.33 2,39

) § c 00 [*)
Topic 1: Alloys

Simple Analogy No Analogy .Enriched Analogy
2,83 2.4 2,22

Topic 5+ Half-life
Enriched Analogy No Analogy Simple Analogy
.00 2.2 2.56

Zotal Motivation

Topic 13 Alloys
Simple Analogy Enriched Analogy No Analogy

13,44 12,17 11,95
Topic 2: Cryogenics '

Enriched Analogy Simple Analiogy No Analogy
18,02 13,27 12.68

Topic 5 Half-life

Enriched Analogy No Analogy Simple Analogy
14,50 12.93 11.98

Keys Means that are connected by a line are not significantly
different from esch other.

F P
3.65 <03
F 2
3.10 .05

‘P~
5.8 ,0Ch
F 2
2,68 .07
F ]
3.35 .04
P R
2.57 .08
F 2
5.79 .00




other two treatments. The only topic to reach significance on
the subscale, Relevance, was topic 4, which again Dlaced the

analogy treatment significantly higher than the simple
analogy. .

For Interest In Learning More About Topic subjects rated
the simple analogy treatment significantly lughe: than both other
treatments for topic 1, while the enriched analogy was
significantly higher than the simple analogy for topic 5. Por
Interest Compared To Other To ics, the aimple analogy was
:‘llznitlm&i higher than the enriched analogy for topic 1l; while

analogy approached significance over the simple
analogy treatment for toggc 5. I P

u:anziyo for th: !‘:::1 llotiv:ition Reasure for topic 1 the
alogy was significantly gher than both other groups.
Por topic 2, the anrjicheq analogy approached significance over

no analogy; and for topic 5, the enriched anal was
significantly higher than both other treatmesis. oSy

Of the fourteen motivation measures that reached or
approached significance, thirteen rated one of the analogy
treatments significantly highegt. 1In addition, for weans for all
measures (including those that did not reach significance), five
of the six topics rated one of the analogy treatments highest for
all five subscales and Total Motivation. Hence, hypotheses 1 and
2 were partially supported.,

Achievenment Measures

A total of 94 atudents completed the posttest. Thirty-one
students were unable to complets the posttest, either due to lack
of time or knovledge. Of those 31, three were high ability,
fifteen were average ability and thirteen were 1low ability
students. A total of 111} Students completed the delayed test.
Of the 31 who failed to complete the posttest, a total of 26 did
complete the delayed test. Of the five who were unable to
Complete either test, three were of average ability and two were
low ability studenta. In addition, three students who completed
the delayed test but had not been present for the treatments were
elininated from the analysis.

Both the posttest and the delayed test were comprised of
items cn two different levels: racall and application. A
separate 3 x 3 ANOVA was perxformed for each level of performance
and the total posttest score. The P-ratios and significance
levels are present.ed in Table 4 and the Reans are presented in
Table 5. erever there was significance, a Duncan's Multiple
Range Test was used to determine which of the three means
differed significantly (see Table 6).

INSERT TABLES 4, 5 & 6 ABOUT HERE
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unlﬁwm unh.on A1) Achievement Keasures for All Toplas

To 1c 1 Topie 2 Topic 3 To tc 4 Tople 5 Tople 6
¢ ni Doppler 's Hals isotopes
Alleys Tyogentos xmot Law Life
o ’ 3 ? 3 y 2 p 2 2 2
:‘ Pesttest Recalls ‘ﬂll% 0ei8 wee 0:,50 caw 0227 =e- *olz °". 060 <ee 112 oee
Mﬂ:luu °.7° e 1.9 J. o.L8 - .x‘ P .#’ ces 0.67 sne
- Testtast ‘mc‘ttﬂl 2. 08 (0,60 -ee 1.46 _.; 0,18 eew 98 ece 115 ew-
Abmv 0.33 o 0.27 con 0.87 S p.u cme 22 oee {0,755 =e-
Pesttost Totals Amlogy 0037 =oc 086 ove | 048  coe 0,56 coc {0,988 cee (1,86 -o-
Analogy x Abllity 0,38 ooe 0,70 ~ec | 1,15 oo P68 ece [0 oee 567 -o-
Delaysd Test Recall: Analogy [3.8) 02" {0.08 oee | 1.7 --F.n .- ’2-“ «09 10.05 ---
Analogy x Ability 1,10 ccc [0,60 oo | 1,52 e [0.85 --- [2.21 .07 |0,60 ---
Delayesd Test Application ‘
 Deley ' 2,73 .07 10,32 eae ]| 0,95 --=[3.89 .oa: 0,89 --- 2.2 ---
Analogy ¥ Ability 2.26 .06 [0.9% --- | 0.86 —--l2mt .05" 1093 .008 |21 o6

| 4f for all
. ¢f for all
R$.05

*r¢ .01

osttest achisvenent measures (9,93)
layed test achisveaent neasures

(90 110)
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Neans, Standard Deviations 331.'.-3 for All Aohisvenment Measures

¥o Analoxy Sisple Analogy Enriched Analogy
Nean {ZD) n Nean (SD) n Nesn (SD) a
p - T -
Cryogenics 28 » %.19(0.86 2
Posttest Dopp 32 20 {3.5%0.96 >
Mll 0- .nt. g g gogl %osg ;g
Isatopes » 32 [|3.07(1.30) 28
. .o“ % ° 1. “0 10
Applics or «00{1.02) 32 «36(0.73 «20(0. gh
Isotepes ; 1.31) " 3.5681.9) 32 |3.57 1.3 2
8.959(1.26 . 2.01 8.10(2.2h
Posttest cq%:nic. 8. 2031 2,3 z.? lo“ % 7001 2.08 ;g
Total: Doppler 2.99(1.78) 32 oiats-a 2 1-Di. 3*
U S |HEER B | FEEE R (LRI 3
Isotopes 7237 2.30) » 1.8 2:22 Littsell 36
‘ . z. o.‘o z.l ‘. z. o.
B e |ges 3| PR B EERR B
Recall: o als 3 h0lo.78 §; aailobe 3 (21000 B
mf"li:‘ 2. 0091 2. 0.‘7 ” 2017 0.85 35
x.otm. 10“ 0.9?7 » 1. 0095 35 10" 0.84 ,7
Alloys+ 2.28(0.61 1.91(0. 1.97%(o,
n."““ cxv:i:nic' 2. .9 0.80 g 2. 39 0.%; % Z.zzs 0.% ?’
Test r 2.6 0. ” L 2.z 0.'2 ” 2:,'62 0. s
Applic:  opmeg* 2. o.iz S 2.85{ 0, 3% ]z.790.5) §§
Half-1ife 2.16(0.87 ;7 2:.23(0.90 » 1.972(0.95 5
Ilotop.l 2.15(0.99 . » 1.83(1.22 35 1.70{1.20 37

(approached significance)
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Table 6
Duncan's Hultlple Range Test Result= For. A1l Maln Erfects

Roach:ln; or Approaehlng Signiﬁcanco on Achievement l«easuros
Posttest Appication
Popic 13 : Alloys '

No analogy Enriched analogy Simple andogy F 2
b7 4,03 - 3.87 2,58 .08

Delayed Test Recall
Topic 13 . Alloys ‘

~ *No snalogy Brriched analogy Simple analogy F
2,59 2, 50 2,14 3.83 .02

Delayed Test A . licatifg_

Topic 1s° Alloys
- No andlogy Enriched analogy Simple analogy F* D
2,28 1,97 191 2,73 .07

Topic 4#: :- Ohm's Law

Enriched anal No anal Simple analogy F »
2,79 ind : 2, 5% & %?BS 3.49 .03

Key; Heans that are connected by a line are not significantly differer
from each other.
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There were no significant main eff-cts reached on any of the
immediate posttests (recall, application, or total). However,
one of the six main effects approached significanca for the
application-level posttest for topic 1, and the ng analagy mean
vas significantly higher thsn the simple analogy mean for the
comparison. Similarly, for topic 1 on both the recall delayed
test and the application delayed test, the RO analogy treatment
group scored significantly or near-significantly higher than the

"'f ¢ analogy group. However, on the recall delayed test for
::gh: 1, the snrichad analogy treatwment also scored significantly

t than the sisple mlog&. Finally, on the delayed
application test for topic 4, e analogy treatment
g:onp scored significantly higher than the simple analogy group
ut not the no analogy group.

There were no significant interaction effects for analogy
and ability for the three posttest measures. However, for the
delayed test one of the six topics approached significance for
the racall delayed test, while four of the six topics reached or
approached a significant interaction for the application delayed
test. The means of those interactions are reported in Table 7
‘and illustrated in Figure 5.

INSERT TABLE 7 AND PIGURE 5 ABOUT HERE

It was further hypothesiszed that higlier ability students
would achieve higher scores on the no analogy and simple anal
treatments, while average and lower abil ty students woul
achieve higher sacores with the enriched analogy treatment. On
all five interactions reported in Table 7, high ability students
achieved highest on tle no analogy or simple analogy treatments,
as was hypothesized. However, the lower and average ability
students scored significantly higher on the enriched analogg
treatment for only one of the five tests that reache
significance. Therefore Bypothesis 3 is only partially
supported,

DISCUSSION

Since beginning our systematic research on the use of
analogies in instruction, we have been impresaed at the number of
analogies used in textbooks, classroom lectures, and everyday
conversation., It is obvio- s by the very commonness of their
utilization that many teachers consider analogies to be important
and effective contributors to learning and communication. Hence,
ve believe that the important question is not ‘“are analogies
useful instructional strategies?® Rather, it 48 “when are
analogies useful?®

Based on personal experience and conversations with people
vho use analogies, we propose that analogles increoage understand-
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When metals are mixed together to create an alloy, they form
(distinct layers, separate metals, a whole new substance).

An example of an alloy is (oxygen, hydrogen, bronze, sodium),
The Doppler Effect is a change in wave Zrequency caused by
the (motion, stability, location) of the wave source or
observer,

An example of the Doppier Effect is (shouting through a

msgaphond, the sound of a bullet whizzing past your ear,
an echo, the sound of splashing waves).

Pigure 5. Sample recall and application level questions for
%opics'1 and 3 frdm the immediate posttest.
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ing by creating memory linkages and that they therefore promote a
type of learning that may be qualitatively different than either
recall or application. BNence, the tyre of measures used in this
study were probably not nz¥ sensitiye to that difference. But
wore importantly, the implication is that the decision as to
vhether or not to use an analogy should be based in part on the
kind of learning desired. The results of this study indicate that
snalogies may not be very useful for either rote renenber-level
learn or ogucauou-hvol learning. However, they may often
be very useful for creating linkages within memory that would
bave an important influence on meaningful understanding,
long-term retention, far transfer, problem solving, and the skill
of analogical zeasoning.

Furthermore, analogies may not be useful for all kinds of
topics. It seems 1likely that such faciors as abstractness,
unfamiliarity, and difficulty of the topic may influence whether
or not an analogy would be uzeful in the instruction. It is not
clear whether or not these three factors are parallel attributes,
although they were equated in this study. Ways of better
assessing them separately =might contribute greatly to an
understanding of the ki of topics for which analogies are
likely to be useful. Pinally, we expect that not all analogies
(vehicles) are equally useful for a topic that can benefit from
an ansiogy. It seems likely that such factors as concreteness,
familiarity, and degree of similarity with the topic may
influence whether or not an analogy would be useful in the
instraction. Hence, future research could also benefit from the
development and use of better vays of wmeasuring these
characteristics of an analogy.

The ability of analogies to stimulate the creation of
cognitive visual images and provide an important strategy for
problem solving needs to be studied, and the development of more
precise measurement instruments to determine the nature and scope
of these qualitative aifferences should be carried out.

With these considerations in mind, let's proceed to a
discussion of the results on each hypothesis.

Bypothesis #1l: ZThe use of analogies will make difficult and
abstract content more interestina and relevant to all students.

This hypothesis was partially confirmed. The results of
this study indicate that the inclusion of an analogy in difficult
and abstract content will often increase interest in that
content. ror four of the six topics, the presence of an analogy
improved motivation on at least one of the motivation measures.
PFor one of the two zomining topics, there was no significance,
wvhile for the other remaining topsc, the no analogy treatment
approached significance over the simple analogy.

. Por three of the six topics, the Total Motivation score
reached or approached significance in favor of one of the analogy
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. treatments. Pive of the six actual means for Total Motivation

vere highest for either the simple (1) or enriched (4) analogy
groups.

Of the 30 motivation tests (six topics with five motivation
subscales each), a total of 11 were significant or approached
significance. Of those 11, six rated an analogy treatment m)re
motivating than the no analogy treatment. 1In addition, for the
20 subscale means, 24 were highest for one of the analogy

reataents.

Por topic 3 (the Doppler Bffect), students roted the ng
treatment most motivating on four of the five subscales.
However, the differences did not reach significance. They merely
approached significance at the .08 level. If, in fact, real
differences existed in this case, they might be attributable to
either or toth of the following reasons: either students found
the passage already interesting and the analogy distracted from
it, or the analogy itself may not have been understood, thereby
making it uninteresting or the source of confusion.

Pinally, it appears that analogies for topics 1 and 5 vorked
very well to increase motivation, while for topics 3 and 6 they
had little or no effect. This may indicate that the interest in
some topics may be greatly enhanced by the addition of an
analogy, while others may not.

Hypothesis #2: Students will find an enxiched analogy more
motivatina than a aimple or no analogv.

It was found that for some motivation measures on some
topics there wvere significant differences between the enriched
analogy and the simple analogy but not the control group. The
simpie analogy group was significantly higher than the entriched
analogy group on four motivation measures, while the enriched
analogy group was significantly higher than the simple analogy
group on six motivatiun measures. It was only for topic 5§
(balf-1life) that the enriched analogy treatment approached or
reached significance over both other treatments. Therefore, this
study failed to confitrm hypothesis #2.

Howvever, on Total Motivation the actual mean scores ior the
enriched analogy treatment were highest for four of the six
topics, which wmay indicate a preference (although only
significant for topic 5) for the treatment containing the
enriched analogy. Purther research is needed to determine when
information about the grounds and limitations of the analogous
relationship is appropriate and motivational and when it is not.




Hypothasins #3: Average and lower ability students will achieys
Bors sben given inatruction gontaining an enriched analogy, while
higher ability students will achieve more with a simpla or no

The prediction that no main effects would reach significance
was supported by the results of this study because most of the
significant main effects were coupled with significant
interaction effects. Bowever, the nature of the interaction
effects was not consistent across analogies.

There were no significant interactions between analogy and
ability on the immediate posttest (either the recall or
application level). In contrast, significance was approached or
reached on five of the 12 delayed achievement test measures—--one
on the recall level and four on the application level. Of those
five, average and 1low ability students only achieved higher
posttest scores with the enriched analogy treatment for one
measure (one topic).

Bowever, for high ability students, the pno analogy and
aixpls analogy treatment means were higher than the enriched
anal means for four of the five wmeasures obtainin
significance. These four measures vere all delaye
application~level tests. Por the fifth measure, the high ability
students' means were equal for all three treatments.

In this study, the presence of analogies did not seem to
help any students learn the content. Therefore, hypothesis #3
failed to be supported in reference to average and low ability
students and was partially supported for high ability students.
It must again be emphasized that the lack of significant results
say be due to the measures not being sensitive to the
qualitatively different kind of learning that may result from
analogies. VWe recommend that future research on analogies
utilizes more appropriate measures to assess the contributions
analogies make to learning (see earlier discussion) .

In addition, a more normally distributed sample is desirable
vhen studying the effect of analogies on all ability levels. In
this study, a disproportionately smaller number of low ability
:tnﬁegtz caf;ed some cell sizes for the interaction effects to

a elow 10.

One f£inal comwent is in order about the interactions which
reacheZ significance, e¢specially considering the concern for
equity in education. All three ubility groups in the enriched
analogy treatment appeur to have achieved more nearly equal
scores than with the simple or no analogy treatments. Proponents
of equity in education may f£ind analogies a useful tool toward
achieving that equity among various ability groups.

In conclusion, the followiny recommendations are made for
using analogies in instruction:
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l. An analogy is generally useful for making instruction
wmore interesting to the learner.

2. An anal is more useful for application-level learning
than recall-level 1learning, and its effects are more
pronounced over time. However, testing the effectiveness of
the analogy must be on a level other than strictly
application or recall.

3. The analogy its 1f must be within the knowledge of the
learnexr before it .an be used to learn nev information.
Othervise it may cause confusion or misunderstanding. If
the anal is - unknown to the learner, it should be taught
before being usad.
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