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'systematically manipulated ih order to determine their

ABSTRACT

" The Effect of Cued Recall and Elaboration
on Learning with Analogies --

e Ann . Vergeyleh l

[
'

. The purpose ,of this study was to investigate cognitive

. processes involved in learning with analogy by the .

manipulation of identifiable strategy components. -The use

-

of cued recall and the elaboration of the arfalogy were

¢

effect on the use of embedded analogies in written text:. It
was hypothesized that if_ane}ogies are effective at the
encoding level. then sybjects who received analogies but were

not cued at recall should perform better than subjects in

L)

the control group. Moreover, if~analoq1es are effective at

the level of retrieval, subjects who received analogies and

-}

were cued at recall should perform better\than subjects who
U .

réceiveé analegies without the cue. The effect of the

a

elaboration of the analogy was also investigated»as a
“h
possible confounding varrable -

The hypotheses as stated could not be investigated.
The, presence of the embedded analogies hindered the learning

erformance of the subjects, thereby confounding any
P !

positive effect which could result from the‘analogiep. An

%}nteraction between the'teaching strategy and the content of

®

the experimental material was discovered which resulted in
. . ‘ { 2/
iii ; ‘




a. . )

- - . - \

. an éxgarimqntal-artifact which. was in direct opposition to |

¢ .

K cnhancgment strategies. . Y ! A

- -

.

v - . -
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CHAPTER, ONE o

Introduction -, ’ T

[}

~

Educational reseachers have examined a variety of &
instructional Aesign strategies that are used to m#ximize

the effectivenéss and meaningfulpéss.of‘inéfruction. One of

the most prevalent strategies found in"the literature of * ‘
instructional design is to relate what is being learned to-
what the learner already knows. The useiof'analogy is one"

such means which relates new information te the learner's

prior knowledgel "Used aé a teaching strateéy, aﬁalog;es .
_proyidé a comparison which gan expléin somgthing giéficu‘i ‘ ] '
to understand by poiﬁting out its similarities to sometging

easy to undersgand or already underétood" (Zéitouﬁ, 1954,M

p.107). .: ‘ |

kThere istan indication that instrﬁction'with anélogies e

is effective, al%héugh it is not reallyukﬁown why (S%moné,,

1984). This problem will be addressed in the presént study.
,It is not the intention of thié research to det&rmine

wvhether or hot an analogy is an effebtiQe learning strategy,

but rather to investigate why the strategy is effective. .

" since tﬁe use of analogies in learning material is

widespread, the results of this research have implicationé

for the practipé~of instructional design. ‘A theory of

\ .
instruction should be able to prescribe when the use of

e
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analogy is optimally eﬂfective. This study ie intendod to

x increase our knowledge concerning the effectiveness of -
analogies by 1nvestigat1ng encoding and retrieval operations

in the learning process and therefore has prescriptive
‘implications. ‘

\ The investigative procedure which will be used adheres

to what Levin (1986) describes as the 'component analysis' Y

8 approach. This approach aims to determine wﬁy a particular

.ui\ - 41earning strategy‘is effective gy_theqsystematic ’ .
' manipulation of identifianle'components of the strategy in
quesﬁion;. By:identifying and localiring the'effects of. a
o . strategy, specific learning outcomes which_result from the
“ manipulatioﬁ of strategy qonponents may be identified.
.Lev1n suggests reseachers reutinely conduct a component
analysis of the learning processes and learning stf&tegies
tney‘are investigating. The objective of tn’;dhalysis is
for'"the:reseafcher to map strategy components onto botn
presumed cognitive processeg and learning outcones" (Levin,
1986, p-10).

The particular learning strategy wh%ch is investigated
in tnis study is the use of embedded analogies in a text.™
ﬁore specifically,,it‘examines the extent to which analogies
enhance the acquiSition'of new information relative to the

. degree they facilitate the retrieval of information. Based '

~on a review ofgﬁhe literature, it appears that the function




.
. ’

of analogies at the information retriéval stage has received S

minimal attention.

;
Usage of the Term : >

[4

Several authors hidve attempted to convey the meanlng of
analogy in an instfuctional context. Tierney: and Cunnlngham . :
(1984) state: "Analogy may be definednas an *expositional

method for comparing sets of information which are ;imllar

ienough in essential respects to permit transportatlon of _ .

-
-

attributes across sets, usually from famlllar to unfamlllar
information" (p. 613) In-general there is agreement that an
analogy conveys important simil;ritieé with the knowledge to v
be learned and, furthermore, that the topic andlanalogue
*~- ' .belong to jifferent conoeptualldomains. s )
‘ According to' Gentner (1983), an analogy is

: - distinguished from other forms of comparisons by the o

s | predominqnce_of relational attributes which two domains have
in common. For instance, an overlap in both object and
relational -attributes ie an example of literal similarity.
The'comparison of the K5 solar system to our own solar *

’ system is a ljteral similarity. An analogy, on the other
hand, is characterized by few or no conmon,pbject attributes‘
—_ and many relations between two domains. An examplé of an ° /i

-analogy is "The atom is like our solar systen". For

Gentner, an analogy is "an assertion that a relational

-

- structure that normally applies in one domain can be'apblied

jD in another domain" (p.156). . ' -

a
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For lnstructional purposes, Zeitoun'(19q4);dgécribes ' 1
four basic components that an analogy should‘contain. The

topic, also called the target domain, is the material whion

. is'to be learned.; The analogue is the ‘familiar, visualiatfb L

material which is used to facilitate the learning of the'

topic. The analogous: attributes are the corresponding- .
attributes shared by both the topic and the analogue. e

“According to Zeitoun, there should be at 1east one analogous

- =

attribute which is shared, otherwise,/the term "analogy" is (

not applicable. Finally, the irrelevant attributés refer to,
: \V.4

thoése attributes |whicn 'Qe toplc and- the analogue do not

share. The irrelevant ttrlbutes form part of the “nature"

‘of an analdgy in that if’ all attributes were identical or

51m11ar there would be nos analogy.

\_————/
h
.
.

A clbsely related conceptlls the metaphor

.Tradit;onally, a metaphor takes the form of an implicit
'“comparison’as in "man is a wolf". tenerally\speaking, ' '\\‘

,Zmetaphors are redlly "implicit analogiesﬁ (Ort%ny, 1980)

\q/

JGentner (1983) finds no real difference between a metaphor

L}

and an analogy in that "many- (perhaps most) metaphors are ‘; 4

g‘edomlnantly relatlonal comparisons, and are thus .

“essentially analogies" (p.l62y. From an even brbader Lo

perspecblve, "any expression, of sim&larity Or resemblance
} a

can be called an analogy" (Miller, 1979, p. 225) - .

In that an analogy can convey-any form of comparison,

_this is reflected in the somewhat arbritary use of the term

[
Al
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~in‘the,reseatch literaQFre.'~Fcr instance, studies which . -

LI

havé/investigatﬁd learning with an analogy have done so

under the label of varipus instructionag'strategies An
. AN

analogy can be considered as a-comcrete model o@_a

L

' phenomenon (see Mayer, 1983), or as an elaboration technique ‘

' (see Mayefﬂ 19%0: Reder, Charney & Morgan, 1986). The '
~ o o )
‘- location of the analogy in the text also varies. The

o

analogy can be placed at' the Seginning‘og he'le ning .
mqﬁerial,qindependent of the present;iion of the topicu(see »
simons, 1984) or severaI“enalogies can be embedded in the s J
text (Reder, et al.; 1986) \ - L '

L
~* ¥

«<In this; study the term "analogy" will be used as an all

- inclusive termi however, the appropriate distinctions will .
L ¢ - - R

be made in keeping with the various usage of the term.

. . ’ . b
‘ e (o] eacnin

’( The use of analogy in teaching is based on the atcepted.
teaching practice thaéﬁhew éonéepts can be taught ore °
* B \-

- easily if they are related to.existing knowledge str qzures.

*sd)f.' \U&_isfiiipmed when tehchigﬁ’with aﬁglogy that the learmer

o, has already acquired the knowledge which is addressed in the

[
8

analogy. 1If fhe learner does. not possess the knowledge

. ' . - which s addressed, the analogy should be easy for the
+ ~5e

ro learnék to acquire. An unfamiliar or dﬁfficult aﬁalogy may ’
' W
¢ o distract the learner from the topic to be learned since the
-0 . ‘learner is required tn understand both the analogue and the

'K;‘f\topic (Zeitoun, '1984). Schon (1963), points out: ""learning

L}
1 * . -
3 ' - 5 ' .
g \ v 4 Iy - N * .
. . v ° -
P » . 5 .
1} o . - I *
~ - .
~r 1 > v
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by»aQQ;ogy does not in itsei; involve the forma}ign of a nevw

.cconcept: it comés rather from an observation of similarity

in'conéepts already formed" (p 40). In other words, it is
not possible to "use" ‘an analogy if the siﬁ%larity between
the two concepts has not yet been concaptualized.

T
“Sticht (1979) emphasizes a further risﬁ\in the use of

. analogy in written material'

_,  The use of metaphor in written text is a
partlcularly hazardous venture for both the teacher and

the reader. Typlcally, the teacher as ‘writer has only

the most global notions of who the ﬁotential readers
. might be. Thus, when transfefred to the written
language, partlcularly In e mass ﬁroaucﬁion of
textbooks, metaphors, liKe other more-or-less '"context-
 bound® figures of speech, run the risk of leading to
misunderstanding because/a large number of readers may
pot share the req ed experiences for receiving the

~large chunks af nformation to be transferred by the

"metaphor. Typ ally, the aubhor is ‘hot :vailable, and

‘so readers ca ot resolve ambiguities through question-

and-answer t chniquesl (p. 477-478)

< [ . . - s
_When using gnhalogies there is also the possibility that
the learner may/extend the/analogy beyond what was intended
by the teachey. Analogical learning requires that the

st ' be able to 1) .transfer information which is

: R 3
‘analoguous to the topic and 2) isolate the irrelevant

e
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attributes of the analogue from that of thg topic (ieitoun,
1984). In lieu%of this consideration, Webb (1985) proposes
that the instructor make greater use of the limitations of
an analogy and, at the very least, point th;m'out to the
students. If the students have themselves correctly
‘understood the analogy and the topic, they should be able to
point out some limitations of the analogy.
The construction of analogies thus requires "careful
‘ :planning and a clear sense of students' day-to-day
experiences" (Bean, Singer & Covan, 1985, p.247). When used
corxrectly, however, analogies can provide an effective
'technique to maximize the trahsfer of learning. According
to Mayer (1983), analogies provide the learner with a
familiar syséem which can then gg used for interpreting and .
+ integrating new information. The use of analogies in this
' manner énhanceé the acquisition of new material.“ Relating
new knowledge to prior knowledge is also important fbr the
- retrieval oflinformafion because of the additional links - ¥
which are 'created in memory (gaggg, 1978) .
This investigation will attempt to determi;e whether’
‘ _thé effect of analogies is greater at thenlevel of encoding
or at the level of retrieval. The materigl will consist of
& written text which describes computer concepts with °
analoéies woven in the'text. The control group will have

the same text but without the ana;ogiés;

ORA .
AN
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The preéent s;udy disp distinguishes’betwoen‘
"elapo;atea" and$ "non-elaborated" analogies. An analogf can
constitute'é form o; elaboration provided by tgo au?hor. |
vhereby an e}aboration is "any informatiop that'lup;ogts,
clarifies, or further specifies the mdiﬁTpoints of S text"
(Reder; et al., p.°64). To the knowledge of this author,
the distinctioﬁ between elaborating and not elaboratinq an
‘analogy has never been made witﬁin the framewérk of .an
_empirical study. The only refergnﬁe found in th;jliterature

i;,by Dreistadt (19683 who ;efefs_to analogies ;hat are
elaborated upon in a discussion of scientists who, in the
past, have elaborated on an ana;ogyras A means *of gaining
'insighf into a scieétific phenomenon. This study attempts:
to ipvestigate'whether the presence or absence of '

elaboration with respect to an ahaiogy interacts with the

process of the acquisitioﬁ or retrieval of new information.
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. ' CHAPTER TWO - '
) o

: - ~
Literature Review

zmggre:'sal éﬁﬁﬁﬂﬁ:ﬁ%!is . . v
Various theoretical views attemét'téiegthin'why
learning with analogies is effective. mhéfﬁost popular
explanations rely on the theory of the scheme in order to
explain the process of leerning with analogy. The origin of

. - 9
schema’ theories is traced to the viewpoint originally

proposed by Bartlett (1932) in$order to account for the
incompleteness and distortions of subjects' recall for
complex. stories.: According to current schema theprists,v
what is stored in memory 1s heavily determined by the
existing knowledge framework or schemata a guiding schema
"selects and actively modifies our experience in order to
arrive at a coherent, unified, expectation-confirming and

L4

knowledge-consistent representation of an experience"  (Alba

.and Hasher, 1983, p. 203).

Rumelhart and Norman (1981) refer to the learner's

schemata to describe learning’ with 3%alogy. According to

‘the authors, ‘when learning occurs new information is encoded
in terms of instances of the concept represented by existing
schemata. The formation of new information by analogy
involves the creation of a new schema modeled on the

existing schema. Accordingly, the authors point.out that —

— 9 : },




when people 1earn, they often create models and make
plau51ble inferences with situations they already
understand. The ability of the human system to apply
knowledge learned in one domain to another is characteristic
of its adaptive nature. According to. the authors, "the most
common way in which people apply knowledge learned in one
domain to another is through analogical reasoning"l(p.343).
Learning by analo?y,%ﬁherefore, allows oeople to learn a
great deal about a new situation in that inferences can\be
nade based on the existing schema. /_ .
The structure-mapping theorﬁ of analogy (Gentner’l983,
Gentner and Toupin, 1986) emphasizes the relational’
structure aneiogies have in common with the target'domein.:
Learning with analogy involves mapping the relationehips,
as opposed to %he object attributes, rron one domain (the
base) onto another (the target). The mapping procges is
guided by the principle of "systematicity". According to

the principle of systematicity '"a predicate that belongs to

.a mappable system of mutually interconnecting relationships

is more likely to be imported into the target than is an
isolated predicate” (Gentner 1983, P.163). Hence, it is
predicted that higher order relationships will be mepped
onto the'target domain before lower order relationships..
Accordingly, the authors found that adults tend to judge
analogies as more apt 1f they share a systematic relational

structure with the bake domain as opposed to attributional

10
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similarities. Adults also tend to ignore the attributes of

L]

, aa analogy in their interpretation of analogies. (Gentner

ﬂ W

“and Toupin, 1986) .
' Holland Holyoak, Nisbitt and Thagard (1986) are

critical of the structure-mapping theory and cla%m that the

‘systematicity principle is basically a syntatic analysis of

the analogue and is irrelevant to the procéss of

understanding the analogy. Acceording to Holland, et al.

Gentner's analysis, fhrtherTore, fails to effectively .
distinguish between relations that are transferablé to the
target domain from those which are not transferable.

The use of analbgyzas a learning strategy has also
received attention in terms of the "meaningful, K learning"
hypothesis (Mayer, 1982). Meaningful léarning occurs when
new information is integrated in the context of existing
knowledge. In order for this to o;cur, the learner must )
have the pre;equisité knowledge in long term memory,‘and thé
knowledge must be activated aﬁd transferred to aétive '
consciousness. One means by which activatign of prion//

N

knowledge.can be obtained is through the use of analogy -

(Reigeluth, 1983). '

Finally, the use of analogy in learning can be .
described as an elaborative ac;ivity. Accordihg to the /
"encoding elaboration® model (Bradshaw and Anderson, 1982)

recall for material which is supported with related facgs is

"superiér to material which is not supported-because

\
11

\J
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alternate‘rgtrievai patﬁ; are created by the elabor;tions.
This,k imptoves recall for‘learngd materigl bBecause éeoplc may
be able Fo infer the material stgdied from‘the presence of
the remaiﬁing elaborations.’ |

To summégizé, most theoretical accounts of learning
w?Z? arialogy imply,\in one fofm or another, that new
information is integrated within the relational structure
established by the anaiogy. gither it is easier to learn
the new information because the strucfure is already :
acquired and there é? less information to assimilate

v

(Rumelhart and Norman 1981; Gentner, 1983) or ‘the new

" information ‘is more meaningful to the learner as a result of

its integration with prior kﬁoWledge (Mayer, 1982).
Egpirical studies done on the use of analogy basically
support these exglanations. As previously mentioned, ,
however, there is a léck of consensus by researchers aé to
what constitutes an analogy. With this copsideratioﬁ in

mind, analogies which. are presented to subjects at the

. . t
beginning of;jpe learning material, independent of the topic

to be‘learne’,‘Will be discussed first. ' [

The Analogy as an Advance Organizer

According to Ausubel and Fitzgerald ‘(1961). advance

organizers consist of "ideational material (both -

similaritie$ and differences) at a hfgh level of

»

-abstraction, generalizability, and inclusiveness" (p. 267).

The role of the organizer is to provide helpful "ideational

~ ¢
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anchorage"” or "scaffolding”. In cases where ﬁhe 1earning\\

Il

material is related to prior knowledge, the éréanizer .

-'increases,the discriminability and hence retention of thé

passage to be learned.

The benefit of an advance organizer varies with the

.level of the learner's prior knowledge. In oneistudﬁ,

(Ausubel and Fitigérg}d, 1961) subjects wé:e~presented witﬁ

a passage ééscribing Christianity two days before learning a -«
ppssaqe Qn Buddhism. The authors foun& the advance

organizer facilitated retention only for thodse subjects who
had a below average knowledge of Christianity. ‘

7 While Ausubel and Fitzgerald claim that an advance
organizer should consist of information at a high level of
abstraction, 3oyer and Cable (1976) used concrete, specific
models as a3¥ance organizers. - They presented subjects with
an initial passageé which was characterized as either

1

N .
abstract with illustrationé, abstract with concrete

v -

analogies or concrete. These subjects recalled .

significantly more of the target passage than subjects who ~

,receibed an abstract passage or control passage as the

initial passage: According to the authors, \the

presentation of an initial concrete passage allowed the

content of the target passage to be assimilated into the
knowledge structure estaplished by the initial passagé.
Royer and Cable (1976) claim that in order for transfer

of learning to occur, two conditions must be met. The

- 13 r~ 0
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initial passage must provide a "kqgwledge bridge“ between
what the subject already knows &gd\the target information,
ané the target passage must be dikficult to comprehend. The
Ausubel and Fitzgerald (1961) study supports both of these
claims as does the study by Royer and cable.
ng;ning;gg;ggmgg.. In a series of experiments, Simons

(1984) in&estigated three functions of learning with analogy

‘- concretizing, structurizing, and active assimilation - as

expfanations for thejr effectiveness. The author developed
anélogical passdages which were designed to help secondary
studgnts learn about concepts .of elgctricity. Subjects in
the experimentdl group’received the analogical passage ﬁnio;
to receiving the learning material. 1In support of the
éoncretizing function of analogies, fhe author found a
siqnifiéant aptitude X treatment interaction on’ the
visuaiizer-vérbalizer dimension; visualizers tended to score,
higher on a comprehension test when learning with analogies
whereas verbalizers performed better with;ut analogies.
Although the effect was notr;onsigtent over repeAted trials,
the results give credence to the céncretizing function of
analogies. In support of the strdcturiéing function of
analogies, the author found that subjecfs in the ' :
experimental group showed a Eetber knowledge than control
subj;cté 6f the relationships\among,the concepts as measured

by a,relatjon test. Evidence for the function of active

assimilation was also found. according'to this.expianation,

. 14 \ /
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analogies serve to stimulate students to actively integrate

- the new information with previously learned information.

Measures of learning which are influenced by the integrative
process, ‘(e.g., a transfer test) sﬁoula result in higher
performance for subjects learning with analogy.’
Accordingly, the author,féundxthat measures of
comprehensioh, "transfer of learning" (Simons, 1984), and
know;édge of relations were highgr for the subjects in the
expérimental Qroup. | |

kccording to Mayer (1982), learning with analogy
enhances higherrleyel learning but not the recall of
specifié information. The author found that presenting a
concréte analogy of ; computer before having subjects read a
manual on computer programming resulted in better recall of
conceptual information and far transfer (putting information
together in ; novel way). Subjects who were not given the
model, however, pergormed‘aSrwell or better on test .items -
involying single pieces of information.

According to 'the findings of Simons (1984) and Mayef
(l9€2), a qualitatively differeht type of learning outcome
is achieved with the presentation of analodies. Subjects
who received'analogies'displhygd a bettér knowledge of'thé
relationships among the né%ly learned concepts a;d tended to
acquire a higher level of knowledge. Mayer, however, has

repeatedly found higher level learning with the use of

~

various learning:stgatégies including model' elaboration and.

v
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advance organizers (Mayer, 1980). To attribute higher level

ilearningwtp the qg?.of a particular learning strateqy, in

this case the useﬁ§§ianalogy, is not warranted in light of
this c?nsideration. |

A stud& done by Hayes and Tierney (1985) is the most
compreQensiVe perfofmed_to date on the effects of learniqg

with analogy. The authors controlled for their aubjecté'

prior knowledge and interest in the topic area, varied the

relevance of the initial passage, and varied the type of
analogy used in the.taréet passage. In their study American
high school students learned about the Australian game of
criékeg by relating' the game to baseballn They presented
theif.subjects with an initial passage oﬁ baseball in order b
to invoke concepts which would be useful for learning abcut,.
cricket. The authors alse"included embedded analogies as a
variable inhﬁpg;térget ﬁassagef These analogies were
specific comparisons made between the game of paseball and .
cricket. It was reasoned that if analogies provide a lﬁnk
between prior knowledge and new knowledge cqtégories,
analogous informqtion§which exblicitelg compares the two
games should result in ‘greater transfer of information than

information which does not make explicit comparisons.- -

The auCF;;‘ found that the subject’s'prio; knowledge of

‘béseball an 'the provision of an initial, instructional text

on baseball accounted for the most variance. The specific

provision of analogies had a modest effect on learning with

LN 13
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the léssaknowledgeable students benefitting the most. The
~ authors interpreted the results as providing strong support
- for the activation of general knowledge with the use of

o

.analogy and modest support for the actiyation of speéific
knowledge. '
To summarize, it appears._that when the learnex's prior

knowledge of the target information is considered, the

« increase in learning as a result of the prov151on of the
{alogy is positively affected by the learner s prior
knowledge. Ausubel and Fitzgerald (1961) also found a ‘c
v positive correlation across all treatment groups between~

S

their snbjects' prior kn?wledge and their performance.

Notwithstanding the effect of prior knowledge, the results//;//y
- of Hayes and Tierney indicate that the provision of an b
‘instructional text, which serves to highlight relevant

“' knowledge prior to learning a related topic, is an effective e
means to promote learning. The spedific'provision of

analogies, however, was not found to significantly enhance

e
- Differences in Study Time. A reasonable explanation as

to why analbgies placed at the beginning of the learning /

learning for all subjects. ’ | O

‘material enhance lparning, is that the higher performance is >
E . a direct result of differences in study time. Since more

time is spent studying material which includes analogies,

experimental subjects have the advantage of time over

control subjects. Simons 11982, 1984) ‘investigated the }
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effic1ency of le ‘rning u}tn analogy by taking intoQaegpunt -
the effects € ding time. According to the author,

‘analogies can produgce a 1engthening etfect, apart t\tm the ‘ i
fact that extra words are involved, because analogies ot e

,ﬂstimulate a different deeper and slower kind of procossing

in the' reader. On the other hand, the inclusion of : ¢
‘4 »
analogies may result in a faster reading tempo because the

4
- X reader understands the text more quickly and easily. 1

The results on reading time were found to differ

according to the age of the learner.\ Secondary school v,
m N - i ) R H . - ‘
' student’s spent more time reading for ‘the first time a text

with analogies than those who did not receive the analogies
(Simons,,1982) With'college students, no time differencss

were found betwren subjects who read tne analogies and the:

-

text and sygbjects who read only “the text. Although the

- ﬂekperimenéxi subjects had more words to read, the time spent

- s ® . ¢

" reading the analogy was apparently compensated for by the “
shortening effect of the anal%gy which resulted in equal '
study tfme.

-

In the studies discussed so far, analogies were-used
o, as a concrete model of a phenomena and were presented in an
initial passage, prior to the target passage. Analogies,

however, can take other férms such as when several analogies

are woven in a text. 1In this respect analogies can serve to
elaborate upon the information presented in the text and

B

take on the characteristics of an elaboration technique.

A N r
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’ ' .Regearch relatedftb‘the effects of elaboration will now be

N Q
T - d%scussed. . . . >

- P - - :

\ An elabqration is defined as_“any'information that .
_supports, clarifies, or further specrfies tne main points of
:a text" (Reder, et“al.,71986, p.64). Elaborations are
considered to ennance learnind and recall because they
~ . create* re connections to tKe learner's prior knowledge and\'j
provide,multiple retrieval routes to the essential
information. Information Whlch has been elaborated upon is. .

\4'*'
more likely to be retrleved becausge of the greater number of

¢

alternative retrleGal paths which have been created, if’ one

set of ¢onnections is forgotten, it fay be possible to

» &

N ') : ] : : “ . $
" .retrieve the desired information via an alternative

retrieval path. Furtnermoref if the learner forgets the

target information, it may be poss}ble”to infer or

» - .« . .
. I b - \
) ' reconstrucefthe missing information since there are more

cues which can be referred to from tqQ remalnlng

. =y

<oy " elaborations. An assumption of the mpdel is that in qrder

- for information to be retrieved, it-must be well integrated

r
’ v

with the elaborative information during the encoding phase.
Qstein; pittlefield, Bransford & Persampieri, 1§84). ;

Not all types of ‘elaborations have been founq'td be
o f‘ effective. " Bradshaw and Anderson (1982) manipuiatedlthe
- ( \ - t
tyBe of, sentence elaboration given to subjects. Th€ authors .

| found recall performaﬁce for the tentral fact expressed by




the sentence best when it was suppofted by related facts,
next best when no elaborition was provided,,anq:;orst when _
studied along with unrelated facts. - Stein, et al., (1984;
found that only,elabofateons which serve to reduce the
arbitrarinese,of relationshié:~ahoeg the concepts facilitate

sentence'recgll and recognition. For example, subjects were

‘more likely to remember,‘given a cued recall test, the

sentence: "the short man pickeq up the broom to sweep the
floor" than the sentence:: "the short man picked up the broom
to operate’the light switch". -
Research using prose passages has not beefi corsistent
by wa§ of sugporting the use of elaboratipns t ‘enhanee
learning. In.a much cited study, Reder end Ande'eon [(1980)
found that studehts“whd tead elaborated prose taken
verbatim from college textbooks consistently performed '
worse than did’Etudents who studied summaries that just
contained gpe main facts. One possible explanation for
these findings, accordlng to the authors, is that the |

"'summary group" had an edvantage because it allowed the

reader to focus full attention on the essential facts, or |

~ those facts which were tested for. Studying the elaborated

text, on the other hand, -impeded léarning because reading

the elaborations reduced the emount‘of time spent learning *

the main points of the text. When the authors eqﬁated study
tlme for the main points of the text, subjects were still

better off when they studied the material without the

N $

' Al . ) . 20 . » H A



Pt dnc i R A L b PR T A
r * -

supporting details (Reder and Anderson, 1982). ' It seenms

that studyino‘detéils does not increase the memorability of

the main points of a text but rather, inceases the burdeo of

the material to be learned. (

More recently, Miller and McCowan (1986) found that the -

,:zao rgcall of target propositions differed reliably as a ‘

7" function of the amount of elaboration. The aqthors varied
the elaboration of the target sentence in two‘waYs: the
"unelaborat&d version" prov1ded elaboration for the topic
sentence but nop the target sentence whlle the "elaborated"
version elaborated the tafget sentence. The authors,
controlled for the "levels effect" by holding constant the
position of the target proposition in each paragtaph.

\

Briefly, théhlevels egfect is a well documented phenomena
yhich predicts‘tﬁat the superordinate propositions, or most
importént proﬁostions will be remembered with greater
frequéhcy than the less important detalls. The authors
found that the elaborated group recalled more of the target -
propo;itions than subjects in the unelaborated group.

Based on the contradictory noture of the research on .
_-author-provided %laborations,’it appears that the quality of
the elaborations/ which are provided is of utmost importance

in the subjects‘tomprehension and/or recall of new
information. Elaboratlons which produce‘a’relevant context

for the 1ntegrat10n of new information are more llkely to

enhance recall than elaborations which provide extra

[}
)

'

21 . ’ -




information by way of elaborating on related details,‘ The
importance of the quality of elaborations is also evident
with respect to learner-generated elaborations. wang'
(1983),'in a paired associate 1earning\task, found tﬂat fast
learners were Able to produce more effective élaboratorq
than slow .learners and'mote quickly. The .elaborations
generated by fast learners better reinstated the“conditions
of the original learning context and were easief‘tSTpaintain
thrdughoﬁt the learning trials. - |
Notwithgtanding the issue of the quality of
elaborations, it is worth noting thqt tﬁe quantity offfhe.
eléboratiops which are provided by the author or genérated
by the learner is also relevant. - following the eiplqnation
taken by the enéoding elabo%ation model, the prqpability'of

-,
the recall of inforﬁ%tion appears to increase as a 'function

. {
of the number of retrieval paths created. Mandl and

\

. Ballstaedt (1985) caution.against this approach by pbintihg‘

¢

out that an upper limit must exisg to the number of
elabérations which can be considered useful: "If someone
elaborates endlessly, his\her performaﬁcg at reconstguction
would probably be worse than that of a learner with less
elaborative processing” (p.485). Accord;ng'to results
obtained by Mandl and Ballstaedt, there is an‘inverted U-
shapé relatiénship bepween'the number of elaborations
generated by léarners and their éecall perférmancé: shbjecis

whg elaborate a great deal or who elaborate very little do

s B
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not perform as well ‘as subjects with an averagé number of

L

elaborations.

The use of cued recall. The use of cues in order to

0 LY
reinstate the original learning context is not unusual in

studies of learning and recall. Fisher and Craik (1980)
have 'suggested an elaborate encoding structure establishes-a
;icher trace, but that the elaborate encoding will only be
effective to the extent that the encodingucontext is
reinstated at retrieval. | \

Schustack and Anderson (1979) found that the provision
of a cue at both study and tes£ times enhanced performance.
The authors presented subjects with a biographicalﬁpassage
about a fictional character which ,was an%logoué‘to a famous
person. Subjects in the experimeétal éroup were made aware

of the analogy between the fictional character ang-the
1 ’

$

famous person before reading the text, while cofitro
’ ]

subjects were not aware of the analogy. Best recognition -v
, .

for the text resulted when the famous person was identified

at both study and test times; tHe identificatién at study or

v

test time alone interfered with memory relative to no

identification.

ves tud
This investigation-attempts to determine whether the
effect of analogies is greater at the level of acquisition

or retrieval. The distinction between acquisition and
retrieval processes is based on the manipulation of
. s y
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experimental variables rather than a particular theoretical -
~

o orieniation. In order to distinguish between encoding and
retrieval ope{?tions, the presence of analogies in the
target passage and the presence of a cue at recall vere
varied. It is proposed that if analogies are effective at

the encoding level,‘subjects who received analogies in the

)

- .

target paséage but‘wére not cued at recall should perforh
better than subjects in the control grbyp. Moreover, if.
anélogies are effective at the level of retrieval, subjects
who received analogies and were cued- at recall should
perform better than subjébt; Qho received analogies ;nd'were
not cued at recali.
’ It is assumed in this design that sgbjects who were not
; cued at; recall would not émploy the same strategy as those
subjects who were cued at recall, that is recall the .analogy
in order tb answér the questions on the pgst:test. A . <
7. checking procedure was therefore employed in order to
determine whether subjébts not given cued recall actually
recalled the analogy on the post-test. This procedure toock
the form of having 'subjects recall the analogy which was
presentéd in the text upon presentation of the ‘concept.
gésed on the worﬁ of Simons (1986) who found that
subﬁects were unable to even match the analogy with the
éoncépts, it was expected that subjects would not be able to
recall the analogies in order to answer the questions on the

post-test. In consideration of this finding, subjetts in

24
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this study were cued at recall with the corresponding
analogy used in the learning material. As indicated by the
Anderson and Shusgéck.study (1979), in order to receive the
benefit of the analogy supjects must be cued at both
encoding agg retrieval."if ana}ogies facilitate the
retrieval of information through the provision of extended
retrieval paths, then subjects should ﬁe able to retrieve
the information when provided with the analogy as a cue.

The f;arning material consists of a written text which
des¢ribes computer concepts with analogies embedded in the
text. The control group received the same text but without

-

'the analogies. This is ip contrast to the bulk of previous
fesearch which presents ;ubjects with analogous information
in an initial passage prior to presenting the target
passage. One diffiéulty with this previous research is that
the facilitative eff!ct.found with analogies is confounded
with the kffect of the analog§ presented in the form of an
advance or izer. 1In contrasé, tﬁe ﬁresent study attempts
to eliminate the confounding‘effect of advance. organizers by
presenting subjects with a single text and embedding the
analogies in the text.

A further concern in this study is the effect of
elaboration and.its interaction yith the process of the:
acquisition and retrieval of information.l Upon developing

the learning materials, it was realized that analogies can

either elaborate on a given concept or not provide

7 - 25' s
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: elaboration. A distinction'was therefore made between
- . élaborated and non-elabbrated analogies. ,
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CHAPTER THREE
Method ‘ \ .

: Research Desian
v The design was a 2 X 2 X 2 incomplete block design.

A}

There were two befween-group factors: the presence or

absence of_embedded analogies and cued or non-cued recall.’
% The incomplete factor was the presence or absence of
Aélaboratisn with respect to the analagy in the "With .
Analogy" conditions only: In the "No Analogy" conditions it
follows that since there are no’analogies, there canno? be

. elaboration with respect to the analogy (see Figure 1).

Measures of learning perforﬁance and affective data served
as-the\dependent vériables. Several measures of iearning
performance were taken; these incluaed an overall 'score on
. , the post—test; a score based on quegtions which refer to
ana19gies in the text, and a score based on questions which
do not refer to analogiés,
Subiects |

Thirty-four students enrolled in the Office Systems

Al

- Technology program at a Montreal En&lish-speé?ing CEJEP
participated in thé study. The'subjects in this experiment
were in fheir second year of study and had followed a course -
in word processing and an intfdhuctorx cohrsg in

microcomputers. All of the subjects were female. The
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subjeéts.participated in the study as part of their course

1]

requirements,

Materials

The experimental text was prepared by thd experimenter

and explained computer conc%pts'such as ROM and RAM, speed

L]

of procesesing, and how ﬁrograms are processed. 'The

'

Norton° d ! by Deborah

'analog<;; were adapted from Inside the IBM PC Sy Peter

Brecher. An analogy was selected for thé experimental text
by the exp;rimenfer~according to two criteria: The
comparison between a computer concépt ané the ‘topic was easy
to understand, and the .topic referred to a familiar, every;
day occurence.

Two versions of the text were prepared: The ﬁwith p
analogy“'version (see Appendix 1) had analogies woven in the
text while the "po analogy" version (see Aﬁpendix 2)
presented the same concepts without the analbgies. As much
;? possible, the no analogy version differed fram the with

analogy version of the text only in terms of the prefence or

absencé of analogies. There were 2,066 words and 1H61°'

' / L] *
words respectively in each version.

Two typés of analogies were distinguished by the

experimenter: ‘"elaborated" and "non-elaborated". Non-

- N

Elaborated analogies are in the form of a simile as in: "The

operating system is like a traffic cop who gives y

S~

instructions to motorists". Non-elaborated analogies-do not

v
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elaborateron the information which is provided by the
anélogue. Analogies whicg ore doemed as elaborated, on the
other hand, give an ekplooation of the concept in both the
analogic situation and the topic situation. An elaborated
analogy, for example, compares the proces; of converting the
programming language into machine language with the process
of translating a speech into a foreign language. The method
of conversion is explained in tho topic situation and also
in the analogic situation. In the no analogf text, tho
analogic situatio; was deleted from the toxt and the
explanation was in terms of the topic situation only.

The experimental.text for the ‘control group does not .

4

have any onalogies. Non-elaborated analogies were deleted
from the text. Elaborated onalogios were also deleted and
the explanation which remained was in terms of the topic
situation onlf. D

The post-test consisted of short answer questions which

{
required .the student to explain ‘a concept or process in two

or three sentences. Questlons on the post test me sured th;
subjects comprehension'hf the material as proposed by
Anderson (1972). Accordingly, the questions paraphraééq\the
material in the text to ensure that the subjects e
comprehended the ideas and did not just recall the woraing
at a surface level. . >

- The post-test varied according to the trﬁatment

condition. Under the cooq;recall condition, subjects were
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‘bromptedvin questions which referred to analSéies, > In the
cued analogy group the pxdmpt referred the subjects to the
Danalogy which had been presented-in thé‘experimegtal text ‘
(see Appendix 3). 'For the no analogy“cued group, the prompf
suggested to subjects fhey think‘about a particular concept.
For example, subjects wéré given the prompt: "It may be’
helpful to think of the language which is used }n cooking .
when answeriﬁg tﬁ}s‘question". 'Ip‘the’no-cue condition, the
same quéstions’appeared put withdﬁt the prompt (see Kpﬁe#ﬁi&ﬂ
4). Subjecfs who were not cued 6n tﬁé‘post:Lest yet »
received the analogie; insthe text were furthermore tested
for théir recall of the analogies used in the tgxt as a-
checking procedure ésee Appendix 5). This consisted of‘fre?'
recall of the anhlogy upon presentation ‘of the .learned
concépt. Finqily, measures of ‘the subjects' attitude \ ~

towards the text and questionnaire were collected along with'

a

their degree of perceived familiarity with the material. -
Erocedure

Prior to conducting the experiment, the author prepared

-

a questionnaire which was handed out to the subjects by the
teacher. The purpose of‘tggs qﬁestionnairé‘waé to assist
" the author in writfng the ;Qperimental material.u Based on a
b . review of the res@lts of the questionnaire, the content of
- ) the material was revised to match the subjects' level of
knowledge as much as-possibie. o . o /

Two weeks before the experimental testing, a pilot ,

<3
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< study was carried out on 15 volunteers who were in the same -

year .as the subjects. Results of the pitot tést lndicated

that the level Jf the material andXnggtionnaAre was
‘suitable for ihe subjects. The tolbé-learnad matérial was
‘ "also submitted to a content éxbert who reviewed both
- vé:sipns <34 tpé material for clarity of expfassion and

.  ~ content:.  °
d

. - o The actual experimental’ testing was carried out by the

teacher during class time. Random assignment to each
{%reatment co;dition was -achieved by the teacher randomly
handing out thecexperimental materiais. Subjects. were told
'they weré,participating in'a st;dy to investigate how>péople
learn about computers. The teacher handed out. the materials
in an éﬁvelope and instructed the students when to start.

«The subjects were told, to identify themselves only by the

" last four digits 6f their teléﬁhone number for~fo;low-ﬁp
purgosesi.

‘ Qf K : . The subjects were asked to-read the experimental o

k passage carefully and as often as they requiréh. A time

limit of 20 minutes was imposed; howevé; none of the

stuqéﬁts required this much time. Foliowiﬁg thg text there

:. - i xyas;an»interpolated task which required\subjectsitb‘do two

" mathematical operatigqns. Subjects ther completed the post-

test. 6ne week .latér the same post-test was adm%nistered to

/

3 ' .the subjects under the same conditions. '/
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/ C S Results

| Scores on toe‘post-test'were based'on criteria
_geveloped by the experimgﬁter (eee°Appendix 6). Each short
- ) ' anhwer was Worfo.tﬁo points ondioneﬂpoint was provided for
) | porgially correct hnswerg: overall, subﬁﬁcts‘answereq738%

of the queétionsi%orrectly. This wds surprising given the

H

~ ° good results of the pilot test study. -

- <o
. .-, Wﬁilegdeveloping the criteria foe experimente; had to .
. make what were‘thoughx to be Subjective decisions regarding
~n - ’the validlty of the subjects' answers. This was largely oue
’ | ' to the writing skills of the subjects. Injitially, crlgerla

were developed which resulted in’ 1nc°n51stent/ffgyin%\
procedures and ccould not produce a hlgh inter-rater P
* ,.' reliaﬁlllty‘score. The criteria were then repdered ﬂbre ’ .
prectse}apd included more , examples than the original J
criteria. An inter-rater reliability scere of 90% was

- " calcﬁlated ueing the final criteria. ‘ . ‘ :
‘ e While scoring short answer questions reflects a more

\‘§ o : judgmental process than scoring, for example, multaple
ohoice'questio;s, the, decision to include short answer

-t

questions as the dependent variable was deliberate and:was

. .
4 -

: . .

~ + based on the assumption that the recall of information . - 2™
\h-‘,\ . N ! . oo '




reflects different cognitive processes than the recognition
of information. Research has suggested that the activation
of the learner's sohema,fes*was intended by the manipulaticn

of variables in this study, is m¥te advantageous in the

recall of stimulus items than in the recognition of stimulus ..

items (Alba and Hasher, 1983).

To establish the dependent variables, a composite score
was obtaihed for each dependent variable based on oelected.
questions on the post-test. An initial snalysis ot thé
composite scores indicated the data were normally

distributed and met the assumptions of inferential

statistics. When necessary, composite scores were converted

A

to percentage scores so that variables of equal weights
could be compared. Recall on the- delayed post-test was
extremely low and, given the floor effect, these results

will not be further dlsgussed.

a

)
The Effects of Analoav and Type of Recall on Performance ..

An analysis of variance with the use of analogy and

type of recall . (cued or uncueé} as between group factors was

performed on the total raw score of subjects. A significant’

main effect was foond for the use of -analogy F (1,30) =

5.58, p <.05. cOntrery to what was expected, subjects who
oid not receive the'analog§ performed significantly better

on the post—tesk than subjects who did receive the analogy

,(see Table 1). The following analysis will attempt to

explain why subjects who received the'analogies were at a

-~
Y
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Table 1 . ,
c . 4 ' - I

Means and Standard Deviations of Total Raw Score

) ) , Ie.

¢ WWith‘Cue

¥

-

M SD_

12.33

. With Analogies(a), 5.38

-~

Without Analogies(b) 13.88  3.76

(a)n = 9 for each group
(b)h = 8 for eath group
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disadvantége. A second qnalysis was complitod on’
achievement scores froﬁ.responsés to questions which dealt
with analogies. A significan interaction was found bstveen
' the use of analogy and t%pe of Yecall F(1,30) = 5.71,
R <.05. Figu;e 2 illustrates the interaction and th; means
are presented in Table 2. The Tukey test indicated that
subjects who received the analogy Qith the cue performed ;
significantly better than subject; who.did not receive thea
cue~with the ;nalogy, chﬁp (3,30) = 6.45, R <.05. The
\ ‘presentation of the cue was clearly insﬁrumental iﬁ .
K ., retrieving relevant target information. 1In the No inalogy
. conditions, the effect of the cue was not significant.’
Although the performance of the control group rgsulted in
"y the highgst megnle = 10), there were no significant
differences between the performance of the control group and
the With Analogy, With Cue group (M = 8.44).;/The control «
group, however, performed significantly better than the
group which received only the analogies, Fcomp (3,30) =
8.74, p < .05) - K \ ‘
K\\‘\ The analysis of the post-test scores.in the centrol
group suggests a possible explanation for the detriméntal
C - effect in:subjects' performance with the use of analogjes.

. Although no analogies were actually included in the text for

the contrpbl group, a correlated t-test on the percentage .
scores indicated that questions with analogies (M = 50%)

resulted in significaﬁtly’higher performance than questians
‘ ~

‘ 1
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Figure 2. The Interaction of the Analogy and Type of Recall

"on Questions which Dealt with Analogies

\ ‘_ '

10 —— -» " without
: analogies
. [ 8 L—‘ ‘ .
Score 6 —
g 1 4' 1
. ' T : . . - ' with
\ 2 i A analogies-
“« ¢ ) Y " " ’ D ’ .’
. . i ” ’ with , . without

cue ~ * cue

~p ‘ .

Type of Recall

(o) W W
Analoajes N
With Cue . Without Cue )
. . M SD M ] _
N - - “
With Analogies (a) 8.44 3.57 3.67 ' 2.83 ,
r::'“:" r ¢
Without Analggies (b) 8.25 4.37 10.00 4.98 . -
(a)p = 9 for each group -
(b)n = 8 for each group .
o \
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5 | |
without analogies (M = 34%), t(7) = 2.66, p < .05.

.Normally, significant differences found’in tﬁe control group

indi¢ate a testing bias ahd would suggest that the questions
which deal with analogies were easier to answer either
because the subjects had relevant prior knowledge or because
the coritent for those particular questions was less
difficPlt for the subjects. 1In this case,ihowever, the
performance of the experiﬁental group was opposite to that
of thefcontrol group, indicating that the analoqg interfered
with the performahce of thg subjects in the e§pe. mental
treatment.

Vhen the scores for questions which do not deal with
analqgies were considered, there were no significant
differences between the treatment groups (see Table 3). The
detrimental effect on performance found with the use of

. anaiogy was therefore.restrictéd to only those questiong
whfch refer to analogies and did not affect other £esponses.
e Effect of the abo |

In order to determine whether the elaboration of the

kanalogy is a sign&ficant factor in the performance of the
Fuﬁﬁects who received the analogy, an analysis of variance
wiéhitypé of recall and the use of elaboration was performed
using percentage scores. A margihally signifiﬁant main
effect for elaboration was indicated F(1,16) p =.06 (see

Table 4}. Mean percentage scores indicate that analogies

which were elaborated (Marginal Mean = 36%) resulted in
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" Deal With Analodies
With Cue - Without Cue
M sp' M SD
With Analogies (a) 3.89 2.15 3.11 2.76
without Analogies (b)  5.63  1.68 3.75 2.6
(a)np = 9 for each group ; -
(b)np = 8 for each group ',
Table 4 i N
Percentage Scores and Standard Deviations of Elaborated
Oon= sti .
 With Cue Without Cue
M sD M SD
With Elaboration .48.15 17.56 ° 24.07 v 20.60
. Without.Elaboration £ 33.33 34.23 2.72 12.14
n=29




result suggests that the detrimental effect of the analogy ‘

'in the control group«{pdicated that elaborated items (Y =

higher performance than analogies which wﬂrcqnot elaborated
(Marginal Mean = 21%). (Elaborated analogics%hxplain the
concept in both the topic and analogic situation;. non- .

) b

elaborated analogies are in the form of a simile.) This

is not' a result of the \elaboration of the analogy. ‘ ‘ | J
‘In order to ascertain the gen?ral effect of _

elaboration, an Analysis was completed of the control

gfoup's pérformaﬁce on elaborated versus non-elaborated

items. (Recall that elaboration in the topic situation

remained even though the analogy was absent.) A correlaged

t-test performed on the mean percentage score of responses

60%) resulted in_significantly higher performance than non-

é?éborated i;ems'(m = 34%), t(7) = 2.49, p<.05. Since the
presence of elaboration enhanced berformance, regardless of

whether the analogy was present or not, it is not possible

" to make any definitive statement regarding the effect of

elaboration with the analogy.
Ihe control Test

A control test was given to subjeéts in the With
Analogy, No Cue condition to verify if subjects in this
group could recall the analog& when answering the gquestions
on the postrtest. Subjects we;e asked to identify the
analogy which was in the text upon presentation of the

topic. As expected, none of the subjects was able to recall

¢ - =
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the analogies on the control test. Any difference in .
rilulél on the post-test betwéen'the With Analogy, With Cue
group and the With Analogy group is assumed to be a result
of the presenfction of the prompt.

Attitudinal Data ’

In order to understand what subjects thought about the

" use of analogies to clarify information in the experimental

material, attitudinal data were collected with -Lickert type
scales. On a five point scale, subjects found the maferial
to be average in terms of the level of diffieulty of the
material and their interest in the material. The a;alogies
in the text were rated as "useful", for theiWith Analogy;
wi;h~Que condition and “average" for the With Analogi,
Without Cue condition. The presentation of thé’cue on the
post-test improved both the performance of those subjects
who received the cue as well as their attitude towards the

analogy. Overall, however, the subjects were not

overwhelmed by the use of the analogy in the experimental

-text as a means of clarifying the information which was

presented to them.
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CHAPTER FIVE
“‘ﬁ V Discussion

The purpose of this study was to isoclate cognitive‘ oL
variables involved in learning with analogy with the ‘
»intention of identifying specific 1oarning outcomes. Three
variables were manipulated: the use of embedded analogies, o
type of recall; and the use df elaboration with respect to
"the analogy. wnile prior research has generally found that
analogies facilitate the acquisition of information, the
presentation of a cue at the recall stage was used to ’
determine whetheér analogies also facilitate the retrieval of
information. The effe&t of elaboration of the analogy was
included as a possible confounding factor; prior research
has indicated conflicting results with regard to the use of
author provided elaoorations and since an analogy is a type
of elaboration, ;ts effect with the analogy was also
investigated.

‘Tne overall effect of the analogy, contrary to what was
) expected, w;s to hinder learning performance. Subjects who-
received’the analogy with the cue performed as well as the
control group, and subjects who receiveq\qnly the analogy
'performed significantly worse than both the control group
and the cued analogv group. Since facilitative ctfects of

learning with analogy at tngracquisition phase were not:

—
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found, this'confounded tﬁe results of the étudy 80 tﬁét the
usel-of analogies at the acquisitioh‘phase could not be.
comparcd with retrieval ef}ects as originalr% planned in
this investigation. Rather, reasons for the decrement in

the performance of subjects'as a result’'of using analogies.

are examined.

One reason the subjects did not pérform well when
provided with analogies is that an interaction was present
between the content and the teaching strategy. Since
subjects in the control group performed significantly better
on guestions which dealt with analogiés than quéstiodg which
did not deal with analogies, it appears that these concépts

were, by nature, easier for the subjects to assimilate.

”

These conceéts, however, were also chosen by the

1

experimenter as lerding themselves to elaboration by analogy

and were chosen as concepts for which analogies would be ™

»

&§resented. It seems that content difficulty and analdgical

tendency,are inversely related, and reéﬁizéd in this study
in an experimental artifact which was in direct opposition
to enhancement strategies.

According to research, analogies should be provided
when the material is.difficult and the learner does not ﬁave
prior knéyledge of the material (Royer and Cable, 1975).
When subﬁects are already familié; witp the material, the
effect of the analogy can be to overload the learner with v

unnecessary information-(Zeitoun, iéelf? In this study,
o~
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every effort was made to include information which the
subjects were not familiar with, and indeed, the overall
performance score in@icates subjebts‘found the material
difficult. Nevertheless, based on the performance of the *
control group, the relative knowléage'subjects had for some
of the content area interfered with the instrqptionai
strategy, thereby confounding any positive effect which
could result from the analogies. It is possible that the -

analogies provided the subjects with unnecessary and/or

conflicting elaborative information which was a burden and

. ¥
distracted the learner from the topic to be learned.

While the presence of the analogies at the acguisition

phase hindered learning performance, subjects who received

the analogy with the cue performed significantly better than
subjects who only received the anélogy. According to Stein

et al. (1984), elaborative information, in this case

. analogies, facilitates the retrieval of target information

oniy when the information is well integrated during the
encoding phase. Fisher and Craik (1980) fuithermore
indicate that if the elabpration is not well iIntegrated,
then.the encoding context must be reinstated at the time of
retrieval in order for benefits to result from éhe
elaboration. 1In this study, subjects were able to retrieve

the, target information when presentéd with the prompt,
N ’ ‘ B

_suggesting that the analogies (both elaborated and nfn-

\
‘ -
-\
4
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olaﬁoratod) were not well integrated during the acquisition

L

phase. <

It is possible that)the subjects failed.to integrate
the analogies into their existing schemata because they were
not necessary for learning to occur. Since none of the /
oxperimental treatments performed bettegngﬁaﬁﬂthe control
group, it is also possible that the subjects either failed
to understand the analogy, or failed to recognize the
isomorphic relationship between the analogy and the target
content . As Sticht (1979) points out, some learners may
not have the required experiences to receive the large -
chunks of information which are transferred by the analogy.

In summary, the presence of the analogies hindered "

subjects' performance. This was likely due to an

*  interaction between the instrgctional strategy and the
learner. Concepts which subjects in the control grouﬁ found
oacier to deal with were inadvertently chosen by the

experimenter as concepts to elaborate upon in the

experimental treatment, thereby|provlding subjects with
elaboration when none was either required or useful. since
the cue facilitated the retrieval of information, this £
suggests that the analogy was not well integrateq with the
_target information during the acquisition phase.

With respect to the additional elaboration of the 4
analogy, a definitive cdq\lusion cannot be reached. The

presence of elaboration enhanced performance in the control

{

“

b

45

S
=




[

t

group when-no‘anafogy‘ﬁas present and marginally enhanced
performance in the experimental group in the presence of the
analogy. h0vera11, it seems that the effect of elaboration
did not interact with the overall detrimental effect of the
analogy.
Instructional Implications

' The results of this study emphasize the need to .
carefully select content whep using analogies as an
instructional strategy. It is possible ;hat topics which
most easily lend themselves to analogies, and which are most

often-selected as targets for analogles, are concepts which

'~ the learner will also find easy to elaborate upon and to

broduce their own analogies. 1In terms of the acquisition of

I

information, the impiication of this study is that analogies

are more appropriate for remedial vork. If it has been

determined that the learner is not able to assimilate the

material via-his/her own learning strategies, then author-

.provided analogies are recommended in the form of -

remediation. . : ,35

Based on these results it sgﬁyégthat less instruction
rr//

is better for concepts which styéents have‘n predisposition

towards assimilating using their own learning devices. In a

3

similar vejn, McDaniel and Kearny (1984) found that-college
students were able to spﬁntaneously utilize erfecttve
semantic and imaginal strategies without instruction to do .

so, and performed as\well as sub ebts who were instructed to

AN N 0 .
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hmp}oy the most effecti?é learning st}ateg§\{or a. particular
task. In the study reported here, suﬁjects were better able

to utilize an effective learning strategy for those concepts .

yhich wvere elaborated upon by the author. The implfcation
tbrnéhe desigq of 1nstruc§ionql materialé, ther%;?re, is
that the instructional designer should consider the effect
af'aufhor-provided strategieé»d% leafper,génereaé?
,strategies and be aware that in the presence of both types
of straiegies, learning performance may deteriorate.

In termsgof the retrieval of informaf&on, analogies
were found to temgirarily facilitate the récpnstruciion_of
target information. -While previous reseaﬁgh has failed to
support the activation of'speéific knowlgdée with analogies,
gkis sthdy found that' analogies. resulted in the\activafion
of specific knowledge, but-only in the presence of a prompt
dg;ing the racall phase. ”

It is‘inéeresting to note fhat on the post-test some
_stndeqts in.c;ed analqggy group re;alled the“analqu rather
than the target infd}métign.vAEithercéheqéubfistsidid not .

‘think it was necessary to rgcall the target information, or

they were not able to remember the relationship betw pjthe
anaiogy and. the target.' It is possible that phe‘procﬁss of
retrieving information with the aid of -a prompt entails a
comﬁiak procedure whereb& learners have to first’ remember
thg/;nalogy and then reconstruct its relqtionshipiéo the -

target information., Under such conditions, the yse of
S , &
47 ' '
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analogy as a recall. device is not an efficient means of

retrieval. While the prompt served to elicit specific

3

' information, the retrieval benefits of analogies do not
. ) ' 2

promote long}term effects or higher-ofder learning outcomes

according to the results of this study.

“Recommendations for Future Study

1!

af

The present study could be feconﬁucted yith materials
which contain effective analogies. Oncelth pffectivenesg
of the anaicgies has been establishe@, the/ixpg;ihentér
could then determi;e the locus of effect as was initially
planned in tf#g study.

The use of an instructional strategy was an(impediment
to learniﬂé and should also be investigaﬁéd. Previous
;ésearch has féund that learner-generated elaborations tend
to be more effective than author-peridea elaboéations. §n

‘ordeg to determine whether the author-provided elaborations
caused the decrimént in fearning in this étudy, a further
study could investigate the. effect of learner-generatec
elaborations as an experimental treatment. If the group
with 1earner-generateéﬁat%g§¥ations performs better than fhe
g;oup receiving author—pgééided elaborations, the decriment
in performancé ig a result of conflicting elaborative
iﬁformation”provided by the author. If, on the other hand,

learner-generated elaborations are found to b?riess

pffective than author-provided elaborations,agﬁ%s would

B . »
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suggest the 1oarn¢rs vere lcll able to generate,’ understand

rand/ar.assimilato their own analogies. -
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; APPENDIX 1
) : o] )
Ybu_aro probably already familiar with what a program dbes,

that is, a*program is a set of instructions which tell thé
. N

'computer what to do. What you may be less familiar with is

wha% happens after you give"the computer a set of .
instructions. This hand-out will deal with the events which
surréunﬁ the processing of a set of instructions which you,
the user, have given to the computer.

Programming ihnguages such as BASIC, PASCAL and FORTRAN
were created by programmers in order to make communicating‘
with the comput;r an easier tasg( Rather than_program in
machine language, which is the language the computer
understands, we can write a series of instructions forifhe
computgr in a language which more clbsely resembles English;

A'programming language is furthermore easier to use
because it‘ﬁiy summarize several instrugtions to the computer
#n d single program command. For example, when you ask the
comﬁuter to multiply 12 by 24, fou are asking to have a wholé
series of additions and multiplications performed. A single
program command, however, is sufficient to put into effect
the operations whiéh are requirea‘fo do a multiplication. This
is similar to the language used in cooking. For example, in

cookbooks you often see the verb "sauté". You know thﬁt sauté
. v

means “take out a frying pan, melt-butter, and cook the

5¥;ngredient lightly in it". All of tﬁese instructions are

- £
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conQéyed in a gingle word“Just as you translate the word
“"sauté" into its elementary steps when you cook, the computer
translgtes a program command into its elemental instructions
before the operation is carried out.

Before the computer can understarid a programming language
such as BASIC, COBOL or FORTRAﬁ, or even a data base
programming language, the commands have to be translated into
the 1's and 0's of machine language. Tohunderst;;d-ﬁha

‘conversion process, imagine that you were asked to give a
speech to a group of Chinese dignitaries aé a convention and
Ehat‘you had to do it in Chinese since no one in the group --
spoke any English. There are two possible ways to deal with
this problem, just as there are two possible ‘ways of
converting your program into machine language. . One way is to
have a translator by your side at the convention..Every' -
sentence you said in:English could then be translated, on the

- £1y, into Chinese by?your‘translator. Since your translator
would Qe right besid? you, you could give your speééh and

imprévise asquch as you wanted. The other possibility is to

go to a translator and have her translate your speech into a

cassette recorderlbeforehand; Then you cogld go to the

conference with your speech prereéorded in Chinese and just
play the tape. In this scenario, however, you would only be
able to play the tape of your speech; for examp%e, you

couldn't alter ybur speech or make any further commments.

v Similarly, a computer only understands machine language
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instruction in your program simultaneously translated into

. ./ ‘
(Chinese) while your prograﬁ (speech) is written in a

programming language. One possibilty 1evto have each

machine language when the program is being executed. Thie is
akin to you having a translator by your side while you were
givinﬁ your speech. Programs which are converted into machine
language line by line as the program islﬁeing executed are
faid to be :li:terpreted+ "Interpfeted programs can only be used
if the interpreter (translator) is accessible as well since it i
is the interpreter which does the conver51on into machine )
language. The other type\of program conversxon is done in
advance by the program developer before the software is sold

to the consumer. Programs such as these.are said to have beéﬁ

compiled and are permanently converted into the machine

)

'language'that the computer needs to run the program. This is

like yo having your speech translated and recorded on tape
before the conference. ‘

There are drawbacks associated with both approaches. Once
a program has been e;;piled, you cannot change any of the
instructions in the prqgrah, just as you would not be able to
alter your speech once it had been recorded. In contrast,
programs which have been interpreted can be modified by a
progremmer since the interpreter (translator) is always there
to- make the required conversion into machine language.
However. it takes longer for the computer ‘to process an

interpreted program because each lihe of instruction must be
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converted into machine language by the interpreter

(translator)

Bear in mind that all the instructions of a program

actually get processed in the ]c.ngral Processing, Unit (CPU)

which is the 'brain' of the computer. However, the

instructions which the éPU is to follow are stored not in the

‘CPU but in'the memory of the computer wW}ch is located outside

the CPU." The memory is where the CPU tinks its program ande
data when it is doing its assigned task. The CPU uses its
memory as ;/workspac; just as an office worker uses a deskﬁop
or a carpenter uses a workbench. Memory mérely provides the
computer with a place to store the program which is currently
being exeéﬁted just as a desktop provides a place to hold
papers:which are currently bpeing worked on.'

Since the instructions which the CPU is to follow are held
in memory, there needs to be some way for the CPU to locate
and access that information. The mechanism fdér accomplishing
this is 'random access'. The easiest way to understand random
access is to think of a bunch of pigeon-hole-type mailboxes of
the kind you see in hotels where each mailbox has a number.
When a guest asks for the key to her room the hotel clerk
doesn't losk.;t each mailbox, starting with the first box thep
checking the second box, and so on, until he finds tse right
one. Rather, the clerk will go directly to the box which was
specified in order to get the iey. Similarly, 2 program might

refer to a particular address, as in "go to mailbox 835",

58 ’



When a particular mailbox is referenced the CPU doesn't have
to look at each mailbox in sequential order; instead, the CPU
just looks in the mailbox specified. This way of accessﬁné
information is called random access, hence tﬁe term Random
Access Memory (RAM). The ability of the CPU to jump"téla
particular address in RAM makes éverything go much fastér when

it is following instructions in a p%ogram. [

There is another kind of memory where instructions;are
perﬁanently stored. This memory is called Read Only Memory
(ROM). The programs which are built into ROM perform
fundamental supervisory and support tasks and cannot be
altered by the user. These prograﬁs are called the Basic
Inpﬁt/Output services or BIOS for short. You often hear them
Ureferred to as the ROM-BIOS since they reside in Read-Only-
Memory. The ROM-BIOS programs provide basic instruéti?ns to
thg computer.on how to manipulate its hardware. For é#ample,
instructions concerning how to send characters to the Ecreén,
how to write characters on a disk or how to read incoming
characters from the keyboard are stored in ROM.

Since the CPU does the actual processing of information it
needs to communicate with the rest of the computer sy$tem.
Getting the rest of the system to work with the CPU r%quires
many detailed instructions. For instance, look at the steps
necessary for printing. Before beginning to send characters

to the printer, a program must verify that the printer is

turned on and ready to receive information. If the grinter is

~ “ |
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ready,.it responds with a signal within a cgftain time perioad.
Lf*this'doesn't“happéh, an error message must be sent to the
screen to tell the user she forgot to turn on the prihtof. A
similar process must occur in order to vgrify that the paper

isn't jammeg, the:ribboniisn't used up and so on. A whole -

other set of instructions, that is, a different protoool?-il
" also feqﬁired for J'her peripherals q;ch as the disk drive and
the screen. As you can well imagine there is a constant flow
of communication between all the different componentsﬁor the .
computer and the CPU. The Operating System has the-jobrof
reguiating this flow of various signals going to and from the
.c;ﬁ and its periﬁhérals. The operating syétem is like the
tfafficqcop wh& gives instructions‘to motoristé. 'Tﬁnse
. instructions are necessar§ to make éure~thgre isn't a‘;raffic
,  jam when twoepériphérals-try¢to communicate Qith ﬁhe CPU
,simult;neously. ) ; ( L QVJ/ ,
In‘érder to further é;de;étandi;ow the CPU communicates
with thelrest of the system, ;e first have to kno;qsomething
about how information in the computer is,rep;;sented. The ©
main unit of data is the byte. The byte is the building block
for both numbers and text data. Each byte represents oh;
character of informatibn, where a character can be a number, a,
letter, or a special cﬁiracteé Zsuch as ‘a punctuation mark 6r
a parenthesis). Each byte is made up of 8 bits.
. Réalistiéally speaking, the computer doesntt understand bits

or bytes but only electrical impulses. A bit is really either
) \ : 2 " . .

ll < ¥
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the presence or absence of an electrical impulse. Thexe are
only two different bit values, zero (0', whicﬁlmeans nothing
or no electrical signal and one (1) wHich means one electrical
. signal. Because it's possible to make electronic machines
\ﬂ)that work with on/off signals at great speed, we can make . J
" machines that work with real information.’ This all qepends,
howemer, on our ability to match information that is '
~meaningful to us with information the computer can work with,

namely, the presence or absence of electrical impulses.

(&

In order to communicate with the rest of the computer - \

-~
system, the CPU sends electrical signals along wires which are

r

collectively referred to as the Bus. Parts of the computer
jsystem‘must be connected to the bus in order to receive those .
signals and possibly to Tespond with signals. of their’own.

Any part.of the computer that the CPU ‘needs igjtalk\to is

given a number, called a‘port number, by the esignérs of the
»
. computer. The CPU uses that number, 51m11ar to a telephone

" number, to call up the particular part. For example, one port

number is used to communicate with the. keyboard, anqther

<

number is used to give instructions‘to the disk drive and ’

another is used to transfer data from RAM to the CPU. It is ‘
the designers of the computer who decide which port numbers to ‘

e use for various purposes, and which elements of the computer .

S ) )
. shodld be wired up toarespond to thoseonum§ers. When the CPU T
) . o . : -
needs to talk tOQone\circuit part or another it signals the

U port number and the appropriate part responds on the bus,
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Buses come in various sizes. If 8 bits can be sent
simultaneously then we have an 8 bit bus. One of the reasons
for‘the greater speed of some computers is that they have a 16

bit bus, which'énables then fdﬂmove ié bits at a time,

_therefore doubling the efficiency by which messages are sent.

/
‘As previously mentioned, RAM is the placa wher the CPU

finds its program instructions and also its data. Random-
Acess-Memory is located outside the CPU. In order to carry out
its work, the CPU needs to have availaéle a memory which is
internal or, .if you like, inside the 'b;agn': Registers

provide such a mechanism iﬁ the form of a small, speciai- ~

a N

purpose kind of memory located fﬁ the CPU. Registeré‘are
51mZ1ar to the cqmputer's main memory in one way: they are a
set of places where data can be stored while the CPU is
worklng with them. On the other hand, while the computer's -
‘mo;n memory is large, the fegisters, on the other hand, are a
series of small meyory;spaces. (The. IBM AT, for exampiz,

contains fourtoen 16 bit registers.) Registers temporaril?

store information while it is being processed in the CPU. In__

effect, each register is:like a small scratch pad that the CPU

uses fo£ calculatfons and record-keepiﬁg.j A great deal of the

v

‘work 'that goes on inside our computérs takes place in these

registers. ‘ -
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. You are probably already. tamili r with what a program
does, that is, a program is a set of instf;;tions whlch tell
the computer what to do. What you may be less familiar with
is what happeris after yau‘givg the computer a set of

;E:tructioné. This hand-out will deal with the eyenté which

surround the processing of a set of instructions which ypu,'

" the user, have givén to the computer.

-

Programming languages such as BASIC, PASCAL and FORTRAN
were created by programmers in order to make communicating

with the dompufer an gaéier task. Rather than progréﬁ in

r

machini language, which is the languagé the computer
understands, we cgn write a series of instructions for.thg
comput;r in a langu;ge whiéh more closel& re;embles English.
A programming language is furthefmore easier to use
because it may sﬁmmagize several instructions to the
computer in a!single program command. For exaqple, when you
ask the computer to multiply 12 by 24, you are-asking tqq
have a whole series of additions and multiplic¢atiens
performed. A single program command, however, is sufficient
to'put into effect the operations which are required to do a
multiplication. The computer tﬁent¥ranslate§ the prbgra@
command "to multiply" into its elemental insfructiopé befare
the operation is carried out. j‘ .t o7
Before the computer can understand{a prograhming'lénguage

gsuch as BASIC, COBOL or FORTRAN, or even:a data base

¢
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progrl;ming languaé@, the éoﬁmands have to be franslat‘g

into the 1's and 0's of machine language. There aré“fG;

‘possible ways to deal with this prcﬁlem. One way is to have

each instrugction in your program simultaneously translatgd
inté machine language when the program is being executed. |,
Programs which are Eonverted into‘machine language line by
line as the program is belnglexecuted are said to be, T
intcrprcfed. Interpreted programs can only be used if the
interpreter is accesssible as well since it is the
The other type of program conversion is done in advance by
the program developer before the software is sold to the
consumer. Programs such as these are said to have been
compiied ;nd are permanéntly converted into the machine
language that the computer needs to run thetprogrémf_
There afe’drawbacks associated with both approaches.
ané a program hgtnbeen compiled you canﬁot change any of
the program. 1In conﬁrast, programs
which have been interpreted can be modified by a pregrammer
since the interpreter is always there to make the required
conversion into machin;s};;;Qage. However, it takes ldng%r
for the computer to process an interpreted prégram becausé
each line of instruction‘mus;’be converted into machine
language by the interpreéer.
Bear in mind that ;11 the instructicns of a program

actually'get processed in the Central Processing Unit (CPU) .

~
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However, the insfructions whicﬁ the CPU is to follow are
stored not in the CPU but in the memory of the computer
which is located outside the CPU. The memory is where the .
dPU finds its program and data when it is doing its assigned
task. The CPU uses its memory as a work§pace: 'memory\mgrely
provides the computer with a place to stére the program .
whicﬁ is currently being executed.

Since the instructions which the CPU is to follow are

'g (ot R

held in memory, there needs to be some way for the E?U to .
locate and access that information. The mechanism for |
accomplishing this is 'random access'. For example,:a
program might refer'to a particular address in memory, as in
"go to address 835". When a particular‘aqgffss is

reterenced, the CPU doesn't have: to look throudgh every
address in memory from 1 to 835 in sequential order:;

instead, the CPU just looks directly a; the adress ~y
specified, namely, 835. This way of accessing information

is called random-access,.hencé the term Random Access Memory
(RAM). The ability of the CéU'to 5ump to a particular
address 'in RAM makes everything go much faster it is
following the instructions in a program.

There is another kind of mempry where instructions are

permahently stored. This memory is called Read Only Memory

'(ROK). The programs which are built into ROM perform

fundanental supervisory‘and éuﬁpo;t tasks and cannot be

altered\by the user. These programs are called the Basic
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Ihput/Outpﬁt services or BIQ? for short. You often hoar

them referred to as the ROM-BIOS since they reside in Read-
Only-Memory. The ROM-BIOS programs provide basic
instructions to the computer on how to manipulate its
hardware. For example, instructions concerning how to send
characters to the screen, how to write characters on a disk
or how to read incoming characters from the keyboard are
stored in ROM.

/;nﬁe the CPU does the -actual processing of information,
it needs to communlcate with the rest of the computer
“system. Getting the rest of the system to work with the CPU

requires ‘many detailed instrjéiions. For instance, look at
the steps necessary for printing. Before beginning to sendhb
characters to the printer, a program must verify that the
printer is turned on and ready to receive information. 1If
the printer is ready, itVresponds with a signal within a
certain time period. 1If this doesn't héppep, an error
message must be sent to the~screen to tell the user she
forgot to turn on the printer. '} similar proce®s must occur
in order to verify that the paper isn't jammed, the ribbon
isn't used up and so on. A woole other set of instructions,
that is a different protocol, is also required for other
peripherals such as the oisx drive and the screen. As you,
can well imagine there isla constant flow .of communication
between all the different components of the computer and the

/,

CPU. The Operoting‘System has the job of regulating this
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flow of various signals going to and from the CPU and its
periphsrals. These instructions are necessary to make sure
two peripherals don't try to communicate with the CPU

_%Q
. simultaneously.

In order to further understand how the CPU communicates
with the rest of the system, we first have to know something °
about how information in the computer is represented. The
main Gnit of data is the byte. The byte is the building
block for both numbers and text data. Each byte represents
one charaéter of information, where a character caﬁ be a_
number,-a letter, or a spéciai character (such as a
punctuation #ymbol or a parenthesis). Each byte is made up
of 8 bits. Realistically speaking, the computer doesn't
understand bits or bytes but only electrical impulses. ‘A’
bit is really either t;e presence or absence of an )
electrical impulse. There are only two different bit
values, zero (0), whicﬁ meqﬁs nothing of no electrical
signal and-one (1) wh{ch means one electricq} signal.
Because it's po§¥ible to make electronic machines that work
wiéh on/off signals at'gréaf speed, we can make machines
that work with real information. This all depends, hbwever,
'oﬁ our ab{lity to match information that is meaningful to us
wiéh inform&tion the computer can work Qith, namely, the
presence or absence of electrical impulses.

In order to communicate with the rest of the computer

system, the CPU sends electrical signals along wires which

-
.
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are collectively referred to as. the Bus. Parts of the
computei system must be connected to the bus in order to
receive those signals'and possibly to respond with signals
of their own. Any part of ;he‘computny that the CPU n,.du
to talk to is given a number, caliQd a port numbgr. by the

4

designers of the computer. The CPU uses that numbir to call-
‘ “
up the particular part. For example, one port number is

~used to communicate with the keyboard, another number is

uséd to give instructions to the disk drive and another is -
used . to transfer data from\BAﬁ,to the CPU. It is the
designers of the computer who decide which port numbers to
use for various purposes, and which elements of the computer s,
sﬂould,be wireé up to respond to those numbers. When the
CPU needs to talk to one circuit part or another it signals
tﬁé port number and the abpropriate ;:;t reégonds othhe
bus. . 7
Buses come in various sizes. If 8 bits can be sent

simultaneously it is called an 8 bhit bus. One of the
reasons for the greater speed of some computers is that they
have a 16 bit bus. This enables them to move 16 bits at a
time, therefore doubling the efficiency- by which messagés
aré“.ent. l ’

) QE%As previously mentioned, RAM is the place where the
CPU.finds(ité‘program instrucﬁions and also its data.

Random-access-memory is located outside the CPU. . In order

to carry out its work, the CPU needs to have available a
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. memory which is internal. Registers provide such a
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m;chanilm in the form.of a small, special-purpose kind of
memory located inside the CPU. Registers are similar to the
cdhput‘r's main memory in one way: they are a set of places
where data can,be stored while the CPU is working with them.
On the ocother hand, while the computer's main memory is
large, the registers are a series of small memory spaces.
(The IBM AT, fqr'example, contains fourteen 16 bit
reg{pters.) Registers temporarily store information while
it is being processed in the CPU. In effect, the CPU uses
thenm for’calculations and iecord—keeping. A great deal of
the work that goes on inside our computers takes place in

-these registers. '
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PLEASH RECORD THE TIME WHEN YOU ARE FINISHED READING THE
ABOVE iBXT AND BEFORE YOU GO ON TO THE NEXT SECTION (e.q, .

/
Write 3 hours 45 minutes if it is 3:45 PM) - '
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Instructions: Please answer the questians below as well as
you can. If you need additional space, continue on the back
of the paper. You have as much time as you need to complete
this. ! "

(

1) Give two reasofis why a programming language facilitates
giving instructions to the computer.

It may be helpful to recall that in the text ‘a
comparison ‘was made between the language uled in cooking and
programming languages.

2) a) Explain two different ways in which a program. can be
converted into machine langggge (i.e, explain interpretation
and compilation)

You may recall that in the text two different ways to
translate a speech into Chinese were described.

b) Name a disadvantage for each way.
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B 3) What function mentioned in the text does the Operating .
System have? ,
In the text the operating system was compared to a traffic
cop.
.v

®

4) Describe how the computer locates information in RAM.
In the text the computer was compared to a hotel clerk.

B
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5) ,Compare and contrast RAM with registers. (Give three

points.) . .
It is helpful to remember that RAM was compared to a

desktop in the text and a register was compared to a
scratchpad. ' ' -

6)_a) Can instructions which are stored in the ROM-BIOS be *
alPered by the user?
Yes / No ®

b) What kind of instructions are stored in the ROM-BIOS?
(Give one example) < -
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7{ What purpose does tha port number serve?

In the text the port number was comparad to a telephone
number.
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8) In terms of hardware mentioned in the text, how can the
processing speed ot a cdmputer be increased? -

A

- e o e - o - - - [ R L L L T T T PP TR X L R Y Y T
.

9) What is a basic limitatlon in terms of how we, as
humans. can communicate with the computer?
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&\\ THIS COMPLETES THE QUIZZ. PLEASE ANSWER THE QUESTIONS ON ,
THE FOLLOWING PAGE BEFORE HANDING IN YOUR MATERIALS.

YO
/> R »

, Note. Questions 1) 23) 2b) and 4) refer to elaborated
S analogies. Questions 3) 5) and 7) refer td non-elaborated

\\\\ .analogies. > ) I
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1) Do you have a computer at:. home? Yes / No

2) How many computer courses and/or courses related to the
content of ths text have you taken? (Do not include the
Recdrds Managenent course you are currently enrol ed in or -
any Word Procclsing course.) 3

- o W G E» Gn e e

w

3) How familiar were you with the information which was
presented in the text?

. very i familiar " not very nct at all
familiar C familiar fami}iar
1 .2 o3 -4

3 * ’

very

4) How dj{%;Fnlt did you find the informafﬁon in the text?"
easy

easy average difficult = - very
- ; difficult

»

5) How interesting was the information?

very interesting average not very  tedious -
interesting - . interesting :
1 2 ‘ 3 e 5

6) Were the analogi presented ingthe text helpful in terms
of clarifying infor;:}ion which was presentéd in the text?

verye helpful  average not very  not at all
helpful : helpful helpful
1 2 3.7 4 ‘ : 5.

]

7) Were the analogies which were repeated on the quizz
useful in terms of recalling the information presented in

the text?

)

very useful .average not very not at all
useful useful useful
1 2 3. 4y 5

-Thank‘youﬂcgry nuch for your cooperation.

»
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. ARBENDIX IV - . \

. = - . AR

. Instructions: Please answer the quastions below as well. as
you can. 1f you need additional spaceé, continue on the back)
otithe paper. You have—as much time as you nead to complete
this.

.

-

1) Give two reasons why a programming languaga facilitates

giving instructions to the cemputer. -
L. \ )
®
——————————————— k’—d-' - - . " - " S . O - G - . . -
\ " A
A A G G SRR D S O - an GD e AR S G M eN o --------Q-ﬁ-....A--q_--—-------ﬂ-t---_-".---‘--- N
' i
i ¥ . : , f

2) a) Explain two different ways in which a program can be
converted into machine language (i.e, explain i erpratation
and compilatxon) .
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‘ b) Name a disadvantage for-each way.
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3) What ‘function mentioned in the text does ‘the Opnrating
System have? .
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i A4) DEsc;iée how the computer 1oqat§s infor&:j}on in RaM.
- ) - . \ M . . ! . K.
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5) CDmpare and contrast RAM with registers.Q(Give three. ~ .
. \points ) ‘s g
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sbr What Xind of instrpctions are stored in the ROM—BIO§‘
(G{ye one g%am 1e) ; .o g
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6)&a) Can instructions whlchsare stored in the RO*-BIQS be
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8).

In ‘terms of hardwar

v
)

.

’

mentioncd in the text, how can tho
processing speed%bt a c qpnter be increased?
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9) ' What is a basic. limitation in terms of how we, as
humans, can communicate with the computcr?
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[ - . .
In the text analogies were used to explain some of the
concepts presented in the text. 1In the space provided
please indicate, if possible, the analogy which was
presented in+the text for each of the following concepﬁs.

hq“oxample is given. . ,
0) Concepti CPU | )
" Analogywrfhe CPU is the brain of the computer.

17+ Congept: A programming language

Analogy: .

2) Concept:*The Operating System

Anhlogy: .

B ( . i
l (Y

3) COncept The memory of the computer (RAM) -

K-loqy' '

4)> Concept: Registers

. . L .

_Analogy: .

"5) Concept: Port numbers " , Tk “

3nalogy ! '

6) Concept The process of converting a proéram into
machine language (i e, interpretation and compilation).

Analogy?® \ g

-

’7) - Concept: The process whereby the computer locates

information in ‘RAM ‘

Analogy* . . . B

- 77

: 4
a




- Scoring Criteria

UESTION # 1
a)' (A programming language) summarizes

commands/instructions.
Saves time {in programming) .

’

i

b) (A programming languédge) resembles En;li;h.
. (It is) easier to use/to understand.
(You) don't need tq use machine la#buaga. -
¥ -

QUESTION # 2A . : .
o

a) (Compilation) is done beforehand/ it is done by a -

programmer.
The whole thing is translated/ recorded. .

“b) (Interpretation) is done simultaneously/line by line/step -

by step/on line. ‘
Jnformation isientered then translated.
QUESTION # 2B ¥
. !
a) Translator (interpreter) must be éccessible.
' +It takes longer (to process). ' }

b) YoufEannot”change/add~anything (in ﬁhe'program).

-

QUESTION # 3

CPU. .
It directs the traffic of signals/impulses/commands.

(%vpoint) Prepares printer; YV anlil 'h\\\\

/
QUESTION 4 4 .
0 A

Direct access. o o ‘ :
Goes to the’ address.)
Goes straight/exactly to the informgtion.

S . : ‘ . ?

. , L ’ »
It regulates the signals among the peripherals/going to the

t

]



- QUESTION 8

. -
e

QUESTION # 5

"a) Small versus large memory/storage area. . -
~b) Both RAM and registers) store information/are part of

memory.
Information is temporary.

L 3

Inrornation can be manipulated.
RAM stores the program, registers aon't o

c) (Rogisters arey inside versus (RAM which is) outside the
CPU. N

QUESTION 4 6 v,

“;) No ' .
" b) B%@ic input-output (instructions)
I

nstructions already in the computer. ‘
- Printer/hardware instrucﬁgons
Checks the printer.
(How to) read the disk

(l point) ‘How to operate the computer.
Instructions to the computer.
Input-Output instructioens.

QUESTION # 7 g \ ‘

-To call up a particular part.

To identify part(s) of the computer.
Toé;:ansfer an instrugtion to the proper peripheral.

(1 point) ™ locate, to identify. (To locate something
other than a part is = 0 points.) .

L4

Larger us/16 bit bus.
Increase e efficiency of sending messages.

Add a compiler.
(1 point) More bits/bytes.: o
o M i ‘ -

'QUESTION ,# 9

Our inability to represent information in a manner the

computer will understand.
(The use of) machine languaga/computer 1anguage.
Computers don't know English. )

(1 point) We don't know computer language.
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