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x:.' o : o INTRODUCTION Co \ ; ’

ﬁi Suppoaa we asked a student to read a scientific or tachnical passage-- '

il [

”Asuch as an explanation of how radar works, the procebs,of,photosynthesis, the

|F" .

concept of Ohm 8 law, or- how 'to’ writejsimgle computer programs. Further,_

‘suppose that the student has the. reading skill to correctly%"read evary w0rd" o

&?R:g o If\we then- gave that studént a problem solving test - based/on information in
S e 0 A\ ' 2o '

the \passage, which factors would influence the student. performance? In

A i ‘ ' . ¥

short, which characteristics hf the passage and of the learner are related to
5f creatih'"problem solving performance’- This question could be called the 2

Ve

vq ..

creatiﬁe reading problem", and is the focus of this paper.. Thus,,this paper

’ “vl

v .

fic prose, where understanding is measured by tests\ £, hf'atimp problem

h' . }L ving in the domain of,the passage.si = : ’_ K; ™
* ;f. The pr sent paper differ _ X‘i ‘
. $? \nggggggr—the pfbsent/ aper focuses only on certain types of scientific .
‘ _N_‘ passages& that*We call "explanative") rather than ‘on narratines,
i '.;'4;\’ Aor collections of facts.}\ff 'f*d} 1.~2,‘ﬁ;;‘{:;€':iﬁh
,ﬁfh_ _’:' independevt .and dependent variables--the present paper‘focusps°%§§h;&'
ii:'“' o m,_:‘{‘fh‘;' eading strategy or text design manipulations influééée‘problem

e - ,, e

: N ) b R '”:"--.
~agu ", o tics of idea units influence recall or- retention\sco%e.ﬁgg o

Vo
.

s concerned vith techniques for iﬁcreasing students' understanding of scien— fﬂ;"

T -solving performance, rather than ‘on how str ctural characteris- i
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o 7 'episodic~~refers to paasages'that tell a story xincluding charactere,;.

‘ ‘ . ‘—!'Ey——————-' v<' '1' g a - . ’,. - ' ! , .

o N events,»atateg, ete., with unita such as: "John thanked Sue, ' = T
I .'f”. . ,and quietly 1eft the room " - . SRR C .'“b |

.

LR f_;‘V aemantic:-refers to factual imformation about the wirld, such'as, =\ '
* I .

LI

"."There ane three kinda of information. episodic, semantic, '

. ~ . . . . : ﬂ " ‘- d e
. ! . . 3 ° ! ’ LA M ' . ."
N pr0cedural." S T

N W= 1

:a

J’ 3-,, .

, procedural-—refers to instructions -abdut "how to do" something, such-as.

e

: SO y -’
e T _ "First add_all—oflthe scores for group l and for. group 2...

- ‘

These three types ofadnfnrmation in passages correspond to the "traditional" Y

\ P

f;;ﬁ-‘;f- distinctions among episodic, semantic and procedural knowledge in memory. ””'

. 3 R

% The horizontal dimensipn of Table 1 provides dn orthogonal division .f; (R ,;'

v //batween two kinds of underlying structures for ‘a ‘text: _‘,'

. L
% T

descriptixe-—refers ‘to a text in which the key components of events are IR T

- related in an arbitrary way, such as a list of facts , & :{;, '.]'}l.*
5 . 5 RN

series of events in a story, or .a set of steps in an algorithm. v 1

Vil “ ..;\

s explanative--refers to a passage that expresses a func;ional relationship

© among two or- moré variables, and which provides an: explana—

. 5 I tion for the functional rule by refering to underlying mech—
N 3"-ﬂ'-‘ ;'.' anisms, such(as explaining,the t-test in terms of a sampling
ST B o
. ST distribution, or, explaining Ohm's Law in terms of electron S et

rf \flow.
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. L . Analyaia of Sclence Prose~
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The axample passnges provided for this aympoalum can be classlfied as

follows. The "Salnt" pnsaage from Miller (1981) fics into alot A gince it la

.
A
' a narrutive in which there 1a no logical relation among the key events; the

The "whgon" Jassage (Miller 1981) fits into slot C because it provides a

list of facts that ‘seem to’ be unrelated; the supertanker passage (Meyer, 1981)
\ |
( fits into slot D because it provides facts that -are Supported by a set of -
¥ . \ .
" explanative mechanisms such as’ "supertankers having only ‘one boiler and one -

: propeller", etel It should be noted that "supertankers" also has some narra—,.‘

tive portions cOncerning histories of previous oil spills. Finally, our own

work has focused mainly in slots D and F, with the radar .passage falling into'
N

' the D slot In this paper, we will limit our discussion to passages in slots Y

Y
A C, and F., and in particular to the radar, supertankers, and lion passages.

v These are listed in Appen?#EEE*A B and C, respectively. S

. Independent and Dependent Variables A

¢

o The second major distinguishing characteristic of the present project is.

: our focus on; problem solving as the dependent variable of interest, and .
A strategy or text design modifications as the independent variable of interest.

Table 2 provides a summary of the differences between ‘two major research goals.
. . goal l——to predict recall and retention performance, with typical indepen—

-

: dent variables of levels in a hierarchy or prior knowledge of the

- . . Vo .‘ . a

learner and typical dependent variables of recall or retention

.\ . -~

’ . A

. a

' <" - . . : -

_f independent variables of advance organizers o _adjunct questions
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\ ’ . . )
Aa can be. aeen in Table 2, a typlecal’ conatruct usad in predicting recall La a //’,Af’(/f
' P > -

schemﬂﬁ*a genaralized Eramework into whioh the apeciflc content can be placed. _—_—

[}
However, the construct used in predicting-problam solving‘is an-"oxplanative '

repreaentation"—-this involves. an integrated‘structure.consisting of the key

i

mechanisms and the causal(relationﬂ'among them, Thus,,creative problem solving -

depands on the presence of certain "explanative" 1nformation in ‘memory. A

' more complete dafinition and examples are provided in- the next" section of this
, .,-"‘ 1 - . . .
Nl pdper. L, o o _
"\t e o : ) ' 4 = ' “-L- R " "‘ : oo .

. \ e | . \\
N

 Insert Table 2 About Here K

\ - . . ) . . . .o . ° \\\ 0 . . . i .
7 *\\ IR o - T o o S
. . ) ..,: R . . . ‘. -

\\jﬁ Framework for Research on Learning frbm Prose . . . . : - T
\Jfable 3 provides a general framework for discussing research ‘on learning "

\\ . . \\ . .

ﬁrom prose. As ¢an be seen, some typic 1 independent variables in prose pro-‘ ‘ R
CoN T ot

Eeesing studies are péssage characteristﬁcs, such as hierarchical structure of o

i ‘ ..y

cha cteristics, such as rior experience or reading strategy. Some typical

\\
- \ .

dependent variables are recall; such as which ideas are remembered in a free
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- ~ L8
- encoding probeea..ieavning,puucome, retrieval prncase. ?be éneoding

.. . process refers to'nhe'ptocaaa hy which information in the paaaegé ia seleetedj
and Lntegtated wich knowledge in memory Thua, encodLn& lovolves (1) vurloue

- ways of aeleccing inﬁormation Erom tha puesage, and (2) vnrtoue waya of com~; .

bining thut information wilth existing knowledge. Fox purposes of the present |

et g U

: paper. we make a distinction between two kinds of encoding proceesea:
L 4

addition.encoding—-in which‘subjects select factual,details,'and‘can:,

relate them only in a;bitrary ways, and

.assimiletion encoding——in which. subjects select explanative informetion,_

. ' , | and integrate this information.
+ Table 4 provides an example of the difference between'eddition and assimiletive
'encoding for the radar passage. As can be seen, addition encoding involves
selecting isolated facts and not integrating them;. assimilation encoding
: S [

involves selecting the explanations concerning transmitters, receivers, dis—"

plays, etc., and relating them to one another.»‘

lnsert,Table~4'About'Here""

- -

P
o

‘ " The learning outcome refers to the content and ‘structure of acquired _].l
d_knowledge. The learning outcome for addition encoding will be an arbitrary
set of facts or other idea units. For example, the’ learning outcome for radarl
R 'may consist of unrelated ideas such as, radar travels in straight lines s
the display seems like a second hand on a clock" "dropping a pebble inIa
lake cauSes ripples", etc. The learning outcome for assimilation encoding
y -
o will be an integrated explanative representation that consists bf all the key
> . ; 'icomponents aﬁh the causal relations among them. For the radar passage, the

t
v
‘




. lnvolva how a pulse hounaas gﬁﬁtan abjact and(howvche‘_

‘maasure of dilatanca.

‘ soiving testa. For recall‘testsa subjects who have integrated learning\out~

;jects who . have arbitrary learning outcomes should perform better on recall

'explanative and non-explanative information in a passage, (2) improvement

»reading strategies gives some concrete examples of how to improve the radar, .

‘ ‘ . l \‘; . ‘ ‘,- . . - ? - ‘ ‘
# : : ,*“Wff . Analysis of Seience Prose - | 5
Cor ) ‘ ‘ 4 e Co . l ‘ 6 v ; | H

aomponents arva tranamitter, pulaa..nbjaat, racaivay, iaplay; and tha velations

ime to traval 48 & . "

The: ratylaval procoaa reﬁera'tofthe procadura Eor‘aea ching for_inﬁbrmae

tian in mamary and genarating an anawey for a question. 'The preaénn paper f
wlll focua mainly on entoding brocaddas.

Differont 1earning outcomes may result. An diﬁferent kinda of teat parfor= .
mnnce a éth of this roaearch projoct 18'to shed some light on this relation |
‘a8 well. In particular. integratod versus arbitrary learning outcim 8 may .

produce'differant patterns of performance on recall, retention;.and problem

comes should perform better on recall of the explanative information, but\sub-
: !

of basic details and facts. For problem solving tests, subjects who have

integrated learning outcome should perform better on creative problem Solving

. e

while those who have arbitrary learning outcomes should excel on solving

'problems that are nearly identieal to those given in the passage.

e
S

The remainder of this paper consists of three _parts: (1) structural :

analysis of scientific prose provides techniques for distinguishing Between ’

of;problem solving_performance provides summaries of research on- whether tech- ,

niques that-enhance students learning of'explanative information al$o improve

}

-their problem solving performance, and (3) implications for text design and . ¢

~

,supertanker and 1ion passages. -

.;x#
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. : 1. Analysia of Holence Prose
& K v ] 7 ‘ 1 .'7 ‘
STRUGIURAL ANALYATS OF SCTENTTPIO PROSE

Unit bf Analvsig

%

The Bilvat atep tn unalyaing aolantific prose s o detevmlna p.proqsdur
for: aagmenting the pamsage Luto parta. In our atudtea we havs usnarally ugad
the “ldea wnit" as our unit of- analyaLa. An Ldea unie axpreﬁaaa one action ar

avent ‘or ataca, and genavally corteaponds t0 a slngle ‘verb clausa.i For . anme

anaiyses. aaparate 1daa unita arae astnhltahed Eor loqattous, LLmaa, organle*

tionnl signals (such an "lhe naxt idea is... or "Tha raault of thia.;.") und
s \

commentu (Buch gs "You should try to remamber that,.:' ). Thua, each ldea unit

[

conatata of a, pradicata-—aithar a vetb or a looutLon or a time markern«nnd one
s . \ ‘ . .
or more argumuntau Unlike propoaitionnl analysig (Kintuch, vls Turner &

) : Greeno. 1977), our units dd not give separate status to modif tavs, conjuncciona,
connectivesﬁpnd the like. For axampla@ consider the sentence.

"It-“creates concentric circles of’ small waveg that continue to grow

n

outward "o . _ . . ’

According to our seémentation procedure, the two main verbs are located: 7

o Vcreates"‘and "grou". Thus, this sentence is divided into two idea ‘units" ;'
. ’ /

- (1) 1It creates concentric circles of small waves ' . i
(2) that continue to grow outward., o o -'_ - fl;f o

A-For purposes of scoring, the main predieat% is underlined as well as any key

'y‘s

subjects, objects, etc. For the first idea unit "createsS and its object

oo

circles" are underlined._ For the second idea unit, only "grow" is under-

lined To score a recall protocol the information must first be divided into

idea units as described above. Then, each idea unit from the passage is

-

compared to. each idea unit f om the original passage. If an idea'unit“fronl

S ° -
the protocol contains the sahe keyword (e g., .createsf_and "circle")-and_

\

‘.
M E 1 . ~



B

o

8 J

I
« .

expresses the sade meaning as an idea unit from the original passage,’ that idea -

« . .
! i .. vld .

-

o SR unit is scored as, present. %, 'f o 'Z - 521, - f. AN

-

-As examples of the segmentation proceduve %gpendices A B and C, respec-'

BN

R iy

. . ';”7 tively \how how the. radar supertanker, and 1ion passage can he broken down

a0 e n

e

bij?'. ‘into 1istS’of idea units. The main p edicate for each idea unit is underlined
: R , : . © v E S _
as well as‘any key arguments q’X;.nforma ion }n parenthet?s refers to signals or
. . Acomments. '_'. R .'.' ' - R i .. j '
. . . : " L . ,
. “The next step is to distinguish between idea units thatrprovide explana-
tions of the mechanisms underlyinglthe‘information (expianativevinformation) 4

and idea units that do not provide explanations of mechanisms (non-explanative
\l

—~information) For example, in an analysis of textbook lessons on Ohm's Law,""'”*‘"’”L

o

~White & Mayer (1980) fdund relatively few instances of explanative information, ;

1,; _ S such as "Resistance is caused by collisions of electrons with atoms in the )
S : 5
a _ \‘wire;- For Ohm's Law, explanations involved the "flow of electrons s although .

£

'-~several textbooks presented the formtla without ever refering to the underlying

g

. N mechanism. _ " L.

HRAN

Thus, explanative prose contains a functional rule that expresses avglf

@

lationship among two or more variables. - For example, in the radar passage,

one rule is tht- the time for a pulse to return to the source is proportional

3

to the distance of the'remote object. In addition, explanative prose contains '

L, an explanation of the mechanisms that underlie this functional rule. For
xample, the explanative information in the radar passage concerns the nature

of the bouncing radar pulse, as follows..
transmission--the transmitter sends out a pulse

reflection--thevpulse bounces off a remote object -

Lo . - reception-~the returning pulse is picked up by a receiver

1“,( : .

-LJ,", o e

EMC a . ’ -.4‘ B ‘ ) O ~v o \1\_P . _..‘ . v. \. :L .é’;.l’_‘
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. * N
. N 7 _
ba b

' measurementdéthe direction of the pulse and the time for the, pulse to
- - T s ¥ - L X s T . -

. - . o return are’ measured SR . ; S

N N A . S ) @ . - ) . . . '.') ‘ f
oo . conversion-these are displayed as location and distance e o o

s : \'

" These bde& unitS‘refer to: the major components in the radar passage--trans~

- n ./?

L4 0»’,

Appendix A, an. E indicates that the corresponding idea git is part ofithe .

ey explanation. ’iA‘.\‘ KR ,; rﬁ ;"‘? _ : : ,‘sﬁ
. v

For the supertanker passage, the key relation is 'supertankers

) . . é

environmental damage and the main explanative chain is: }/sjfl

o

'l.,Supertankers are very'large, thus difficult to maneuyér.

e
1 £

' to provide control. . o o/ . .
- ' .- ' i oo . / : *
K * 3. In an emergency, difficulty of, maneuv?ring increases and vulnerability
B ey . S . : _
*"’j . . of boiler and propeller. increases. ' “;“ S /

4.’If boiler or propeller malfunction, the ship loses power or control.

o

5. If the ship loses maneuverability, power or control i1t can wreck onto

'sharp rocks.

6._When a supertanker wrecks, a storage area can be ripped open and oil
will spill out.

/
/

\\ o - 7. When there is .an oil spill, environmental damage results.
#/’ 'The main components are . the propeller, the boiler” the. size of the ship, the

. | , _emergency, the storage area, the oil the rocks. These idea units give the

L

causal relations among the components. Note that not all the links. are presenE’

'in the passage.l In Appendix B an E indicates that the idea unit corresponds

/ ’ .
to one of the seven causal links given aboVe.A "

For the lion passage, those idea units which describe motives Prov: fde =~

- ‘a partial explanation for_the events in the story. While a complete.explana-
| L s |

A

BN

-2, Supertankers have only one boiler to provide power/énd one p/ppeller f“”“”'“"
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fas follows.
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tion is not possible, those idea units labeled with E in Appendix c provide a

partial explanation of the story. For example, the story makes ‘more sense if.

-

Fhe reader is aware thaE the tiger "wants to be leader of the animals. ,
. : SN

.The foregoing examples highlight the‘idea that the crucial'link-in expla- .

_native aLalysis is to have a procedure for' (l) distinguishing explanative

passages, and (2) for dividing an explanative passage into explanatlve ideai

-

- units and non—explanative idea units. Unfortunately, the proc&hures are not -

e [y

yet wFll algorithmized Clearly, the procedures for propositiOnaL analysis T

'y(Kinf;b,.l972; Turner &-Greene, l977 Kieras, l980) are beEter specified .

. . : : R
o However?'we-have been able to provide explanative analyses of approkimately'lz

4 !

‘the explanative analysis procedures need to be formalized we hgve found them .

,to be useableﬂin our own research In particular, we have used the follow1ng

three methods for determining which idea units in a passage explain under], ing

mechanisms and which do not:' structural method logical method, and - em-
(

”"method.- These are described in the ‘next three sub-sections.

- Structural Method

o

The first step in structural analysis of a scientific passage is to locate

'the main’ functional relationship, or what White & Mayer (l980) call the "rule".

& . '
‘A rule is an 1idea unit that expresses a functional relationship among two or.

1
more variables,-events, and/or components. Three common kinds of rules are

a

b ’ : :
Formal quantitative functions--are formulas that specify a

direct or inverse mathematical relationship among two or more

s

variables. An example is the rule for Ohnm' s Law, "R—V/I", where L

R stands for resistance v stands for potential difference, and T \

/- B

LY
T

passages for research in our lab during the past several years. Thus,zalthough ‘

e

a

e
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. . .
’. tands for’current. Anonher example, from a study by Linda Cook and ;

’

- . 'I is "D'= M/V" whereaD stands for density, M for mass, 'V for volume.

Informal quantitative functions-ffre statements which describe a e

L L ' direct or‘inverse qugntitative. relationship among two or more varia—'

AJ

bles, but" do not specify ‘the relation as a formula. An example is S

ro

‘radar passage s statement that the time for receiving a reflected

.pulse is related ,to the distance of the remote object.. A formula ‘. o

" . \

rule could be. stated, such as’ d = (t -t )/2s, where d is distance of.
. A ,
the object, t "is the time of reception, t is the time of transmis-'_

-sion, and s is the speed of the pulse. Another example f;om a pas- 2

Ta

'fﬁgf 'sage on how to use a 35mm camera (Bromage & Mayer, in pressa, is the_'
'assertion that brightness 9f a picture depends on how wide open the -

.shutter is

+

Informal non-quantitative functions-~are statements in which a clear.

functional (or causal) relation is expressed but which do not. imply |
a direct or inverse quantitative relationship._ For example, the L
supertanker passage asserts that environmental damage is caused by
. supertanker travel Another example is contained in Stevens &
Collins (l977) tutor for teaching the causes of rainfall in the
4various geographic regions.‘- |
ln.all cases the rule is the most'general'statement of the observed rela-.
. ;tionship among variables‘ the rule does not explain the phenomenon but merely A:
‘/ describes the functional relationship observed ‘in the world Thus,.rules are' |
like general behavioral laws in Skinner s (1953) appro&ch to S-R psychology.

'bFor example, in the supertankers passage, the main rule gives a relation between _

" ‘the ultimage predicted variable,L "environmental damage", and the original

~N
+

.

3.:‘
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predictor variable,-"supertanker travel" Other, intervening variables such
'as_"oil~spill"~ storm . "large size", "single boiler are not a direct part of¢”

o

the rulexralthOugh in ‘another passage they could be part of the rule.-f

, Once the rule has been located,: the next setp is to determine the mech-.

I anisms that explain the rule, .or ghat White & Mayer (1980) call the ' explana~

¢ o 5 .
L tion".‘ The explanation gives the undenlyi\Q components, shows how they relate -
) . . ).-‘{
to.cone another and how they can account for the rule.' Thus, the explanation ) :

. . . .

T is like a cognitive theory for behay;oral S-R laws. Each underlying component

. .. and the system unitipg them must be identified.‘a component is an event or

. . ) . .ot

object that is part oﬁ tﬁe causal chain underlying the elements in the rule.a

“ . .

For example,-in the Dhm s Law example, one set of components consists of a

-

: battery that generates a potential difference betweeh positive (+) and negative

e

o 5:( ) poles, electrons that flow from the positive to the negative pole a wire
) \

that ‘carries them, ‘a bulb that offers resistance by placing many atoms in the
™

4

' 'i way of the flowing electrons, etc. The system for uniting all these components
: ‘is the circuit. The components in the radar passage consist of the transmitter\\
.17: fon sending out pulses, the object for reflecting\bick some of the pulse, the
.receiver for picking up the pulse, ‘a display for converting time to distance :
‘f and representing it on a screen. The system for uniting all these components;,
»:is the radio wave system.. The components in the supertankers passage are
~features of the ship and the environment such as:  the propeller, boiler,_and
"size of the'supertanker. As can be seen, ‘some judgment is required for locat-J'
.jing the underlying components--electron flowing in circuits for Ohm s Law,
.

‘pulses bouncing around. space for radar, and factors that limit a ship ] man-f K

euverability in storms for supertanker. ' e ! '1f - v : o 1_ o

S
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- causal ohain -is the. functional relationship between tTé "predicted variable"

S Analysis of Science-Prose“
- .j. l‘ .l. ‘;" ~ ’ - C - .’ ‘ : ... o 13
Third the causal chain among the components must be spelled out" The -

s

. Al K \ .
, and the "predictorwvariable“ in the rule, with intervening functional relations

A
. »

N / '
_ included For - example, for the rule "there is less .current: -when resistance is
4 q o

increased",lcan be explained in a causal chain as "increasing the. resistance

provides more atoms for the electrons to collide into, more collisions slow
. k|

down the flow of electrons and thus the current is less". : For radar '8 rule

N
. that "the further away the object is, theofurther away wilr be the bright spot

usal chain, "when an
B C b
object is far away, it takes more time fot—the pulse to reach it and- return,

S,
longer time is converted into longer distance on the screen, so’ that the bright

¢ N

spoo will be further away’ from the center of the screen". - For the supertanker".

. L
e 3

e rule,'"environmental damage is caused by supertankers", an explanation includes

: : o
. the seven statements listed préﬁiously. Thus, the explanation involves adding

_ mechanisms.

- I o

intervening links é; the functional relationship between variables in: the rulez"E"

op

The exp anative idea dﬁits consist of all idea units that describe the

4

: flowing in pipes. in the Ohm's Law passages. Statements about analogies or

concrete examples arle  also explanative idea uniﬁs if they refer to . underlying

. .. b
oy

As'can"be seen, the str,A ural method is based on a distinction between

~— » "

; and explanation of functional rules" : This

distinction has been of sonie nterest to historians and philosophers of science

o (Westfall 1977 Kearney, l97l, Bronowski 1978 Cohen, 1960) and its relation _

to research on learning from science prose has been described elsewhere -

o .

d

2

[ X

T
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{{_vrl= » '(Bromage,&:uayer,.in‘press) To the extent that this distinction can be

'*»g operationalized it may be useful in research on prose proceséing. In addition, _
. . ,,‘\‘ . o. "\_",,
v it must be noted that ﬁwlarge amount qf prose currently in curricular materials Y

; cannot‘be subjected to this analysis because it does not describe a functional

o

rule orlan explanation of the rule. o . S 7'ﬁ’@
A} . +

Logical Method S el e PRI

.. B

The logical method invo%ves determining the major,transfer problem that

i ‘f‘/ . e '7
the subject should be able to solve. Then, using a task analysis approach, _ e

‘r"

/-

S . the next - step is list all qf the pieces of" information in thegpassageAthat are
4 !

!

o
e idea units that serve asgpreufs _ fd

- . R

should involve making'infexences from

Thus, the analysis involves 1isting all

P , -
. »« A

can you inq;ease theaarea under Surveillance for a single radar station7 { T
T) . o I

the.crucial idea units are., the transmitter sends dut a pulse, the puls
.o travels in straight lines so the eartéﬁgggurvature interferes with 1ong range" :- o
;" transmission, the pulse can bounce off“an object, the geflected pulse can:be
picked up by a. receiver, ‘time and direction can be concerted to measures of .'a
- | distance,§nd location._ Some possible answers ‘are: 'Use satellites to bounce o '”:i
) the pulse on its way to and from the remote object," or'"Use relay stations'on

. LN
t
Lo

“the ground to’ bounce the pulse." These ‘answers are" possible from makin{d

inferences from the given information. :

.

o 3 . b .o Ty

For the supertankers passage, a possible transfer question is. ."List B e f;j

all of the ways to prevent damage to the environment from oil spills." Answers ' f(

1 ) o ' ' .
lo . SR .

' ’ : - R o T s : i '.‘_

Aruitoxt provided by Eic:
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‘based solely on the three suggestions given in the paasagégbbetter training,

back-up boilers and propellers, and grouhd control staéions--are not creative
’ - " ( : .
answers. Other answers. that rely on. the links in the causal chain are, "Don t

'travel in poor weather'é or "Always\travel in pairs"‘ or "Use lots of tow boats"

~EmLirical Methbd . S I T ' oo

7 =

Y . . \

.
3

A third technique, which may bé used as a validation technique for the ;« }V

: foregoing two methods, is the empirical method.' This method involves asking

' idea units are remembered and for creative problem solving

: solvers is then compared to the recall

\
subjects to read a science passage, And then testing the subjects for which

a
.

e Based on’ their performanpe on the tbst of creative problem solving, sub-

jects can be ranked or partitioned into groups of good versus,poor problem

’ solvers. For each Subject thete is’ a\record of which idea units weré recalled

S r

: and of rating on the problem solving tht. The recall of the good"'problem o

of the "poor" problem solvers. In par-"

v

- ticular the goal is to determine which idea units the good problem solvers o

a . '

Pa . R

' remember that the poor problem solvers do not seém to learn from the text.

’ For example, in a passage‘bn how to use a 35mm camera, Subjects were asked to

":

recall parts of the passage and to. solve transfer problems Such as how to o

L4

»
1

~

set the camera for a pole-vaulter going Lver'the bar on a. cloudy day (Bromage

' & Mayer, in press) The good and poor problem solvers did not differ in recall

'f of the . facts (such as what ASA stands for) or- the rules (such as "to increase

. brightness of the picture, increase shutter size"), but they did differ in

s

recall of the underlying explanatiOns (such asg, "turning the focus knob moves =

the'film away from the lens"). Thus, good problem solvers tended to differ

-‘from poor problem solvers mainly in recall of explanati_e material.

2
P .

e em
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6

',o;; Another variation of this method is to use regression analysis, with the f i
f‘independent variables Being recall of each type of infofmasion and the dependentuu

K mvariable being scoieéon the p;oblem solving test.‘ In the camera study (Bromage
'{i& Wayer, in. press), creative problem solving correlated well with recall of

f‘explanations but not wit? recall of other information.- Thus, the explanative

-

_ information is defined as the idea units that are related to. good problem _
. : 3. ’ . :
. solving but not related to poor problem solving.

;

’ o .

’
.

Predictions -

B 4

* IMPROVEMENT GOF PROBLEM so;.vmc PERFORMANCE . C e

.o

' The’assimilation framework outlined in Table 3 suggests some basic predic—

s -
. ' o

tions concerning the relation between recall of explanative information and
R
o problem solving performance.‘ In particular,L students who are ablé‘to focus
I; on the explanative information in~science prose should be more likely to build -;Q

e . i

o .‘_;integrated learﬂing outcomes and hence tozexcel on tests of creative transfer.» ’

; . “Two kinds of predictions may be offered. y l,f' ,v. ;Aff”‘ "vl_;v{ii jl;fjw

2 J::_ ) within subjects prediction-—subjects who recall the explanative idea )
- - f;”v n"'L'L units are more likely to excel on problem solving, while subjects

Gy f:,yv"jz ;.who do not recall explanative idea unitsjare less likely to excel f?:

...2_

on problem solving. The previously cited camera‘study (Bromage &
Mayer, in’ press) provides support for this prediction.

L L between subjectsAprediction-—techniques or: factors that increase recall

2

' of explanaﬁhve information should also increase performance on -

problem solving tests.

-

The goal of ‘the present section is to explore techniques for increasing recall

of explanatiVe material and problem solving, i e., to investigate the above ‘jé

6 . .

) v predictLon.

L S

.‘CO
| Y
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Although experimenters (or teachers) may be able 'to distinguish between "

‘the explanative and,non-explanative information in a passage, there is no guar-

. : S

ante that a reader will be sensitive to this distinction. In fact, a reader

may b2, presented with an explanative passage--one that contains underlying

-explanations of mechanisms—-and may read it as a descriptive passage., Since

‘most early reading exercises involve descriptive-narratives or descriptive3 '

semantic passages, subjects may develop expectations that-are inefficient for

science prose.- It seems likely that many readers lack skills for dealing with

~

science prose, i. e._for selecting explanative information._ Thus,’ research on_

.

techniques for influencing how students read science is particularly needed.,~
Uni@ of . Analysis p-'. R '_f.ui B - ..#

- o L - Lo Coa .

. - s . \'_'.\ . . Y

N
v

) of this section is on how to improve the students problem solving performance L

- \This section explores techniques that influence stude?ts ability to use

- 3 ‘

texﬁ informatibn for creative problem solving. “In particular, the focus

IS for tests based on prose information. The target behavior is transfer--the

ability to use the information from‘the text in novel ways, going beyond what

was presenthd in the passage. Examples of transfer questions were given in.

~

the subsection on "logical methods" ,". o o f ;f' AR :'sa ;

J

For example, a transfer question for the radar passage might be: "What '
can you do to increase. the area under. surveillance by a radar station’" Some
N @ .

> : '
possible answers-are: to bounce the rahar pulse off of satellites, to bounce

. .

the radar pulse off of ground stations that circle the source, by using multiple

radar stations and integrating the information by compuger, etc. In order to

‘answer these kinds of questions, a student needs to know the basic explanative

information concerning transmission, reflection,'reception, measurement and

conver§ion. In addition, the learner must be able to put this information'

Lo

¥

J
ts
W

e
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lanatiye information is a '

.. '
.

- ;cogether~?§:f\:ew way. Thus, learning"of the é,
' necessary ut™mnot a sufficient condition for creative problem solving
e .

The traditional unit of analysis for performance teSts is score on a reten-'

v R K

‘,tion or- recognition test, and the traditional unit of analysis for recall
'tests is number of idea units recalled Ho ever, in the present studies, the
unit of analysis for performance tests is score of a‘test of ‘creative transfer,'
: and the unit of analysis for recall is score On/reéall of explanative information.-"l
In particular, the following subsections explore two basic kinds of tech- ‘.
niques for influencing students: understanding ) fprose. (l) processing .

- . [N

"strategies--providing instruction or training in how to. find the main explana-'

)

itive information in the passage, and (2) text design—-organizing the text in a
,: way that emphasizes or signals the main explanative\dnformation.. These tech-
niques are based on the idea that "what is learned" from the passage is related'
'to creative problem solving performance vspecifically,\when students are able;
to focus on the explanative information they should”be better able‘to perform.
N

well on tests of creative problem solving.z'

Processing Strategy a*

'-"What is learned" from prose depends both on the passage itself and on
\

y

"how the learner processes the passage.' In our lab ‘we have been examining the

effects of processing strategy on "what is learned" and on the ability to solve

Problems. SR o -
‘One set of studies (Mayer & Cook, l98l) compared a verbatim strategy to
a reflective strategy for processing the radar passage (see appendix A).

E)

Subjects listened to-a tape recording of the radar passage that was presented

at a moderately slow raEe of 70 words per minute. The passage contained pauses

L 3

_'.at natural boundaries, occurring at about every 4 to 7 words.~ Some//ﬁbjects

. ‘ T
’\13 : R ... Yo,
. : : : ' . i
, . . . . . . . 3 .

S \

. T T . , I
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'(verbatim processing group) were asked to shadow the passage, that is, during

“‘each pause they were asked to repeat the words they had just heard Other

'subjects (reflecting processing group) were asked to listen to the passage
VR
and try to understand it, since the passage was p@esented-at a slow rate,,]

< subjects had me to mentally connect segments/of the passage during each pause. .
In one e eriment, all subjects took a verbatim recognition test, a reten-
: A
tion test, and a transfer test. The’ retention test consisted of true-false

. questions covering the basic content of the passage, and revealed no differences

v_between the two groups. Thus, if we had used only a standard measure of reten-

tion we would have concluded that processing strategy had no effect on "what is -

'learned" in this study.‘ However, as previously stated,. a reflective processingﬂ:

s . .

. strategy should encourage subjects to- focus on the underlying theme, i. e., the
' explanative information, and result in superior transfer performance. Transfer

- -~ was measured by asking subjects to answer essay questions that required using’
4 .

the presented information in a new way, such as the example question above.‘
Similarly, a verbatim processing strategy should encourage subjects to focus

on the details within each segment of the passage. Recognition tests asked

. subjects ‘to - choose which of a pair of sentences actually came verbatim from

[ . .  f
i .

the passage, with the distractor having a synonym that replaced -one. of the:

original words. -As predicted there was a- significant interaction in which the
PN 14

' ‘verbatim processing group performed better on transfer. One implication is that -

4

when the goal of instruction is creative problem solving, reflective strategies

2

are better 'than’ "learning every word" S R
The foregoing differences in problem solving performance were attributed

to differences in what verbatim and reflective subjects learned from the passage.
l

In order to test this idea more directly, an’ additional study waS\conducted

v
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‘ As in the previous study, one group engaged\in verbatim processing and one in e
. ) . t 4 o --
reflective processing of the radar tape. How ver, the test was to write ‘down .
. N NG

all that could be remembered from the passage. If we examine overall recall,

_we find that there is little difference between \he two groups, and: might .con~ .

-~

N . . .
clude that "what is learned" is the same for the two~proéessing groups.. However, .

e L

: the problem solving results suggest that the reflecﬁiVe processing group will

.

',recall more of the explanative information whi ‘e the verbatim group will recall A
more minor details. To score the recall protocols, the passage was broken down | . 1

'into idea units (as shown in Appendix A): As can bé seen in Appendix A, some

idea units were labeled as "explanative"_and all otJers vere not. Examlﬂation '

Y s -

~-of the recall protocols revealed that the reflectiv group recalled much more
I'of the explanative information than the verbatim group, but the groups did not

"‘differ on recall of other content information. Finally, a propositional analy-

S
] * e

sis of the passage was performed based on Kintsch's system (Kintsch 119745 g -

Turner & Greene, l977)/ Each idea unit was’ classified as’ either major (1. e.
-~ N . %éﬁ

those with verbs, locations, times, causes, etc ) or minor (i.e. those giving o

: modifiers, conjunctions, etc ) As predicted the verbatim group performed R T

'.'better on recall of minor propositions than ‘the reflective group, while the

'reflective group recalled'hore of the maJor propositions than the verbatim
group. Thus, there is consistent evidence that'the reflective group is able-. a”
g:to focus on the exxlanative information and thus perform better on creative .
problem solving, while thebverbatim group focuses on details -within each ‘word
:sequence -and thus performs well mainly on verbatim recognition. This result is
B consistent with Morris Bransford & Franks (1977) theory of transfer appro—

priate processing, in which different encoding strategies support performance

on different kinds of memory tests. In addition, however,.the present studies

&
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fextend the notion of transfer appropriate processing to tests of problem solv-i.

‘ing, and specifically focuses on processes’ strategies that distinguish good '?_ L
N R . “l -

’problem solving performance form poor performance._, _ '1r§ii“l . -:\f;;:

aﬂy(elaboration processing group) were asked to answer questions after each page o

:'(

ln another set of experiments.(Mayer, l980) subjects read ‘an- eight page -

) booklet that: described a simple computer programming language. Some subjects

“

S

- .. » ;

"of the booklet the ques ions required‘subjects to compare information in\one

y the context of a familiar situation. Othgéhzg;jejms (normal processing group)ﬁ :

'v.were asked to read the booklet as they normal y read any textbOok and to. be

"preapred for a. test‘_,

B . py

rvpart of the booklet to another or to describe information from’ the booklet{in

h

interpret progr

-were either very similar to those in the booklet (near

RS

_transfer problems) or which required putting several statements together in a

1 3
'

: new way to form a loop (far transfer) ‘ If we looked at overall performance,i

4

-

f combining near and far transfer, there would be no strong evidence of differ- o

V-

ences b}tween the two processing groups. However, if elaborative processing

leads to focusing on the explanative information, then the elaboratﬁve group

-~

",;should excel only on far transfer. The results revealed an interaction in’ L

R N \ ,, .
which the elaborative processing group excelled on far transfer while the normal4

m

’.

'processing group excelled on near transfer 6r performed at the ‘same level on*

i ‘ .
near transfer as the elaborative processing group. Thus,.there is replicatory

Y

evidence that processing strategies that encourage active integration of the s

o but not on tests of retention of specific content.-i

information result in superior performance on tests of creative problem Solving

Y . c i

. -
& . ./
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An implicationlo the foregoing result is that _the elaborative processing Jl‘h T?
encourages the lea er. Eo focus on.explanative information, such as: descriptions' -
| of the internal changes in the computer, while normal procesging encourages L
the learners'to focus.more.on surface details and symbols, such as the formathlj.;';

l
K

for specific computer commands. "Ina separate series of experiments, subjects ;

E R ad the booklet under either elaborative processing or. normal Rr°ceSSing con-

dit ons, "and the ‘were asked to recall all they could about several portions fg

>

of the booklet. ° In order to analyze the recLll protocols, the text was br%ken
intq idea units with some being labeled as "explanative"--namely, those dealing
‘i‘with changes in ‘the" computer s memory, program list, output, or. input stack._

"h When overall recall was. examined there was no- clear superiority for the elab-,

e« .,

orative processing group, and: hence no- support for the idea that there were . SRR

-

' differences in "what is iearned" between the two treatment groups.. However,‘aj"

R

P'

7: c oser ihvestigation revealed an interesting pattern in which elaborativb : _\5ﬂ
’ subjects excelled in recall of lanative information while the normal group
dZP

'\' L

L excelled in recall of technical tatls. Thus, again, there'is evidence that_l

elaborative processing leads to subjects learning more of the explanative

)

) information and hence to superior problem olving. ‘ ;} <;

In another set of studies (Peper & Mayer, l978'4?eper, 1979), subjects
viewed videotaped lecturess on topics such as statistics, computer programming,
or . how a car. engine works. Some subjects ‘were ‘asked to take’ notes on the key

ideas in the lecture (notes group) wgile others only watched the lecture (no

notes) Results indicated ‘no overall differences in retention tests or recall ‘
, ‘e ;L . .
tests for the two groﬁﬁs -and hence would have led one to conclude that there

.. were. no differences in "what is learned" However, a closer examination re-

vealed a pattern in which note takers, especially low ability subjects, tended vJ

-1

.. to excell on tests of creative problem solving and recall of explanative

5 A
“
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"information while non-note takers excelled on near transfer tests and recallf‘

"of technical details. Thus, as - in the foregoing studies, wgfn subjeéts are -

.

'asked to engage in an activity that encourages active integration of. Epe in—
G ey

: . coming information, they are more’ likely to remember the explanative informa— g
?tion and perform well on creative transfer tests.'y%" | )
Another set of studies inéestigated ‘the effects of repetition on learning
{‘from a scientific passage. For example, when a technical’or scientific passage
does not make much sense,%@gtypical approach is to read it again. What happens
‘dto the lear%&ng outcome when a passage is read over several times? In particular,‘fh
does repetition have mainly a quantitative effect--in which the’ learner acquires »i

more. and more information-—orji:es it also involve a qualitative effect--in o

' ,which different kinds'of info tion are acquired and the structure of the

AR

,.learning outcome changés?

In our lab Bromage (1981) has conducted a study in which a passage’ on how
'; ‘to use.an. exposure meter was presented either one, two or three times.- Recall
-of all kinds of information, including explanative information, increased with
repetition. There was also a pattern in which the first exposure encouraged
Ithe subjects to focus on the first sentence in each paragraph, technical sym-4
';_ p' bols and numbers (as in learning a list of nonsense syllables), whi;e, by theid
i_third exposure subjects seemed to focus on other material related to the -
. | 'explana;ion. In addition, when an advance organizer was provided, the repi— ‘
tition effects were drastically reduced. Apparently,»when_the-reader_already.-
R Iknows what to lo;k for, repetition is not as, useful. L
In addition, a similar set of follow-up studies was recently conducted
lin our, lab.a Subjects listened to either a passage on Ohm s Law or radar for

~

. { ‘
e either one, two or three presentations.. The recall protocols after the first‘

) ! . . . +

- ‘ s N

— o : '. . & ().8 o
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‘presentation emphasized symbols, numbers, and statements of‘definitions. IRecalla '
:after the third presentation emphasized explanative information. Thus, there is

‘some evidnece that reading strategy changes with repeated exposure to a scienti—

Afic Passage. However, far more analysis is required before a change in process—

- ing strategy can be confirmed.

’ Another way to influence reading strategy may be through the use of

‘ behavioral objectives and adjunct questions. For example, objectives or

"adjunct questions that focus on explanative information should result in the

——

student s ability to perform well on: creative problem solving, while objectives

.. and questions that focus on non—explanative information such as rote facts _

" should restrict problem solving performa,

e, In a typical study Onayer, 1975a)

4

subjects read eight short lessons on set theory.. After each of the first six

' -

'_lessons, subjects received questions that focused on non-explanative informa-

tion such as formal definitions in verbatim form or questions that focused on-

%Qfexplanative information Such as a concrete model for representing the rules.

'yAn example of a concrete model is to describe combinatorial analysis in terms

of R people sitting at N places at a table.. On passages-7 and 8 all subjects

.ZVreceived all kinds of problems Subjects who expected non-explanative ques—

.tions performed well on questions involving recall of details and simple reten—

ltion of the formula. Subjects who expected explanative questions performed

,f=well on all kinds of problems f%gluding the transfer problems., The same ef—

_fects were noted when the questions were given before each passage as anv»

"instructional objective . Thus, there is consistent evidence that adjunct'
4

g questions can serve‘to guide the learner s attention towards or away from

1

5"explanative information in the. passage.

"f a . -

R
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Finally, Linda Cook .and I ‘are currently‘studying~the idea that subjects
- with prerequisite knowledge are able to process scientific knowledge differ--
;ently than those without such knowledge. In particular, subjects were asked
‘to read a three page passage concerning the concept of density, including the
ifdrmula, density = mass/volume.‘ Some subjects were given a brief introduction :
to the concepts of mass and- volume prior to reading the passage (prior know- ‘
~ledge group) whilekother subjects were not given any prior knowledge (no prior'
knowledge group), and all subjects had little or no background in science.
When subjects without prior knowledge were asked to recall the passage, they
emphasized the formula in symbol format and produced many symbols in their

protocols. When asked to solve creative problems based on the passage, subjectsy

with no prior knowledge performed poorly. Subjects with prior knowledge tended '

R to recall the formula in English rather than symbols and retained more of the 'x

explanative information in the passage, in problem solving, there was a trend in

' which subjects with prior knowledge performed better on certain questions but ‘

fthe differences have not yet been thoroughly tested. Apparently, when subjects

_read the density passage without an’ understanding of “the concepts of ‘mass and '

- volume, they use a reading_strategy ‘that focuses on symbols, equations, and

computing a numerical answer°,however, when subjects who understand mass and
g :

volume read the density passage they tend to focus on the explanative prose A
rather than the symbols.- Apparently, subjects are not always aware that their

_lreading strategy is not. efficient for problem solving, since many of the no’ n

ela
ot
]

prior knowledge Subjects complained "Bhf I read every word."

Text Design ,
: R

a2

Another way to influence "what is learned" from a scientific passage, is
to design the passage in a way that focuses attention on the explanative infor-

h'mation and - that encourages the reader to integrate the information. The major

* et . N . . . ®
. . -

o .
-

o
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_ideabexplored in this section,isfthat certain text organizations are more

‘[likely to lead t3 subjects learning.the-explanative information and thus to-

creative problem ‘solving. ' |

The major research effort on text design c?rried out in our lab has

"”involved the study of how advance organizers influence learning from scienti—

_Ific prose.. In particular, we have used advance organizers that provide a

visual Nelq concrete model of the main components in the text-~i.e. the compo-

vnents used in providing an explanation. For example, in the radar passage a.

>

concrete model would present a’ picture of the transmitter, object, receiver, '

display and pulse as shown In the bottom right corner of Table 4 For Ohm 8

_ Law an.advance organizer might-show‘an electric circuit with electrons collid-:-

]

ing into - atoms in the high resistance portion of the circuit. In our research

on teaching various computer programming languages, we used an advance organi-

. \

vﬂ_zer that showed the functional units of the computer——memory scoreboard, input:'

window, output pad, and program list. We'have reported‘elsewhere the summary‘

e

: R - L . v :
' of over a-dozen advance organizer experiments (Mayer,'l979).- In general the

results are consistent with predictions cited above.' there-is clear-evidence

: that advance organizers increase recall of explanative idea units (but not

[N

' non-explanative idea units)'and increase»performance on creative problem'

[ LN . . R

 solving (butant.on simple retention).:'

In an earlier series of studies carried out in Jim Greeno 8’ lab at the

’ University of Michigan, we compared two ways of organizing mathematical prose..'

For example, insteachin the concept of binomial probability, a passage may

_ begin with the formula and then tie general information to the formula later

in the passage (formula-to-concrete organization) or the passage may begin

n,with a discussion of concrete examples such as batting averages and probabili~

" ties of rainy days before moving.on to the formula (concrete—tofformula).



The results of a long ser
been reported ﬁglsewhere «
tent with the predictions
’ tion, recall fochsed on s
mas.not present;.gor;the

, Y.
general explanative'conce

In a recent study (31

LY

how to use a 35mm camera

o
; 11,'-.-

Mayer,ﬂl975):

, /.
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iesﬂof over a dozen experiments.on this issue have

However, the main results are consis- -
for the formula-to-concrete otganiza-

citeduabove:
ymbols and formulas and creative problem solving

general—to-formula organization, recall focused on

pts and subjects excelled on creative.problem solving.~
romage & Mayer, in press) we organized a passage on

in two ways- one version organized the text around

the major rules such %' Mo make the picture brighter, open the shutter

(rule organization), whili the other version organizgh the - text around the

P

L underlying components (explanation organization) such as "the particles on the:

film are influenced by h

study, subjects who exce

+

explanative information.

e

l ed on problem solving tended to also recall more

much light strikes them". In a previously cited

_ Thus, a 1ogical extension is to’ design a text that

is organized so that it emphasizes the explanative informatiOn—-i.e. the r~'

explanative organization~version.

5 .

As expected, subjects who read the explana-.
..k.

tion organization text recalled more of the explanative information and per-‘

-

- formed better on’ t o tests of creative problem solving than the subjects who

read the rule- organizatidn text.f‘Apparently, text can be organized so that it;

signals the reader s attention to explanative information.

£

IMPLICATIONS FOR INSTRUCTION

The present paper has provided techniques for distinguishing explanative A

&

information from other»types of information in scighce prose, and hasasuggested"

techniques for improving how . readers ugderstand science prose.

¥ &

In this

‘F

section, we offer some speculations concerningﬁhow to improve text design and

text processing. .
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There have numerous popular publications professing to teach authors ‘
- 5 “ s

~how’ to write and students how to read Most of the recommendations involve . .

how to: read or write narratives or reports, with little attention paid spé-

tL_ ; Gy

:.cifically to a focus of this paper-—scientific writing. furthermore, .most I

'recommendations are at the level of sentence structure,vgrammar, punctuation, SR

. paragraph structure and the like, with little attention paid to a focus of - - ;K

" this paper--higher leVel organization that leads to problem solving skill.

Finally, most recommendations are based on. the- traditionallrules of English

‘composition or on modeling the writings of "good authors", with little atten-

' _tion paid to a goal of this paper——basing recommendations on empirical research.

.-Thus, the present recommendations represent a supplement to. the existing popu-

'._1ar literature, because the present recommendations are focused primarily on

.science prose, on fostering problem solving, and being compatable with research. o
Within the past few years, research on prose processing has allowed several :

.researchers to offer suggestions for how to design prose., -For example, Wetmore _A ";

12(1980) listed seven principles for improving the "comprehensibility of text"

.:including "(l) Write unimportant ideas as breifly as possible, avoiding the

_use. of vivid examples. (2) Tighten the relationship between examples and . impor-

._tant concepts.: (3) Turn negative statements of important principles into posi-

tive ones. (4) Enumerate important points. (5) Attach semantic labels to

: important concepts.- (6) Underline technical terms, (7) Indicate straw men.~q

In oq&er to test these principles Wetmore rewrote a passage on "biological

:taxonomies" so that it contained the samé*basic meaning as the original but R

: Awas based on the seven recommendations. Results indicated that rewriting the

passage increased recall of "important" idea units but not "unimportant" idea

units, as compared to the original version. e o E o -»"' S

o
)
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Meyer (1975) has shown how’"signalling" can- improve recsll of structurally
S, ’,'\‘\'

b imporﬁent information. For eﬁsmple, usé -bf the signals like "First...second...

solution is..." or "An example is..." can

v
W W

be usedfto improve recall of si alled imformstion.‘ In another study, Kieras

(1978) fOund that paragraphs beginning with a ‘topic sentence were easier to
,7"' . .
.read tha&rparagraphs that violated~the "topic sentence first" convention.

Below are added some suggestions for how to increase the understandability

)

\‘vv

of science

'text. These are:? bffered as "good guesses" based on a general

"";ative problém solving) for. science prose (i ey prose containing

expf%nation- of‘functional rules) 'The.suggestions all"are.based on the idea

R

1 f”ncourage thevreader tolselect*the‘explanqtive'informationlin
- ‘,-d}“"gﬁiégassag aﬁd activ ;y integrate that information with existing knowledge:
L 't'tlﬂ‘jharlyfln e passage, present a’ concrete model that includes the ﬁajor<
l'fﬁ#%%anati%ej"omponenns underlying the rulé? (For example, in the radar passage,h”
provide‘ai""f-f-u that shows the transmitter sending a pulse, an object that .

reflects'"vék pulse, a receiver that picks‘up that pulse, and a display that .

Signal the major explanative ideas in the’ text such as using numbers.

.

7 '.- .

(For xample, "First, a pulse is sent outv iSecond it strikes a remote object.

Third some of the energy returns...') : ey

3. Label the major explanative ideas.- (For example,_"The five steps of

radar ‘are: 'transmission, reflection, reception, measurement, cqnversion "

-*.1 . . A

v4, Use headings and ndentations to indicate the major ideas. ‘(For,';-

N
3¢
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5. Uae high imagery. familiar examples and analogiea for the explanative.

_ideas.: (For example, radar is like an echo p)

S T 6. Show the mapping between examples (or analogies) and the major explana-‘f'

: tivehidegs. (For example, "shouting is like transmission of a pulse .- ‘y
‘ ‘ :

7. Organize the text around major ideas, and signal the" organization
- through headings and introductory commenta. (For example, the sections\og'the

radar pa sage can be labeled. "Definition", "Devises",‘"Early Display Systems"
F"Modern Displayisystems".' o ! _“_’:' o :fA: - ;‘ -
e S - : o - N ;

T 8. Shorten sentences abouJ/unimportant information, and avoid concrete .

fexamples or analogies for unimportant information.v (For example, the "pebble

v _m»r. .

.;".i"in;the po d" analogy may serve to” distract from the overall theme.)

. '

*

9., rovide definitions and examples of any prerequisite informat é {-
(For exam le, the reader should understand the. concepts of a radio wave 5

oh

: 10;' o encourage active processing, include questions in the text that
B ' w . u J )
Q.focus attention on-explanative information.‘ (For example, after each section,

e

questions could be inserted ) L v_»fl SR S _"_,'-.; o ,v e

,, (_)r-\

ll{'Flo direct the reader s attention, include objectives that state

v

PR . creative problem solving as . the goal of instruction. (For example, before the

passage some creative transfer questions may be given as examples )

.l2: Provide Summaries that emphasize the key ideas so that the reader can

compare hi notes with the author s. _ o )
j; 4,:rf\S\\, 13.A U derline technical terms and provide a glossary for all technical :'

terms, so hat unfamiliar words will not: make smooth reading impossible. ‘

Lo
BN O7 S

£
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In general, tpese recommendations allow the author to tell the reader which

ideas ‘are the explanative O“ee’i Examplee of; rewritten Versions of the radar

dith
\'nﬂ

. and supertanker paseages are given in AppendicegvD and E respectively.

2 Although they do not include all~the recommendations, mAny arelincorporated ‘
"into'the revision, It‘seems‘unlikely that,any one.of:thése reeommendations
is always "right" however, the attempt to study them and revise them may pro- "
-vide the basis for a theory 3f science prose learning. h |
In conclusion, this paper has ‘shown (l) that it is possible to locate
"explanative" informatiOn in a science passage, (2) that there are techniques. _
. for_ influencing-‘wheth aders build learning outcomes that are based on this-. i
explanative information, L (3) that techniques that encourage explanative
processing also tend toﬁierease problem solving performance for material
in the passage.i Thus, in response to the question, "Can we increase problem
."solving performance?" this paper dffers ‘some. reason to suppose the answer is

-

yes" _ It is hoped that this summary of our preliminary ideas, and findings,'

and even our speculative recommendations, will foster additional research on

_ how to improve the understandability of science textbooks.»{j‘

P
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Preparation of this papat was aupported by Grant SED—80~14950 from the
v'Nstional Scianca Program, Program in Reaearch in.Science BdQ§Qt1°“' This

' paper was presented at the "Symposium on Expoaitory Text: Comprehension and

Structure“ held on April 14, 1981 in Loa Angelas at the annual meetings of the

."The term "scientific prose" or "science pasaage" refers to ¢ell D or

- F inm Table 1. Thus, science passage means a passage that contains an explana—'

. -
" tion for a functional relationship. Certainly, not. a11 passages in science‘

J.textbooks fit this description, thus, this paper uses the term in a more re-

»stricted sense than is generally used.,‘
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bependenc Variables

: L . e -  Table~2 N
. _ ‘ ~ , | -
S - " Two Kinds of Research Goals
-Typical Independent Variables ' _ _ ~ Typical Constructs ‘ Typical

GOAL '1:, TO PREDICT RECALL OR RETENTION PERFORMANCE -
' Passage Characteristics ' N,
' Level in text base ‘
Level in outline etructure
Level in story grammar :
‘ ’ ‘ Schema
Learner Characteristics
.- Perspective of reader -
Prior knowledge of reader , o
Prior experience of reader = - - S .

GOAL 2: TO PREDICT PROBLEM SOLVING PERFORMANCE

Passage Characteristics . ' ' co X_
Headings for each section . ‘ S S T
Advance organizer ' : ' : : :

~ Signals for key ideas : o : :
' C ’ .Explanative , .

: + " Representation
Learner Characteristics. . S -
' Elaborative or refleccive processing : o -
Question answering .. ' - ‘ A ' ' '
Note taking : S 1 . . o T

Prior. knowledge of reader

{9

e

. _ ‘Recall or
4 L E ) T Retention Performance

.g)
-

A

‘Problem Solving Performance



Passage . - .
Characteristics _ -

.

e el /'Perf'ol,‘mance
L f\f\\\ﬁb’Encoding 3 Léarning . ~Retrieval ~~ A o
/ Process > Outcome
Learner . S : o .:

Characteristics ~}ﬁ'

e "v:_ﬁ; i R s g RS
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: ‘Téblé 3
Géher#l'FFamewdfk.for ReSeéréh-bn'Leéfning from Prose
Recall
f———‘}grqcess . S .
- . \\\SS‘Si Problem SOlv?né

. . Performance
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Addition
Encoding

w ﬁ,i:}i\ﬁ 3
Agsimilation
Encoding -

- ‘Examples Bf'Add;tion Encoding and Assimilation Encoding for Radar'Passage :

, ‘Analjsia.of Science Prose

.l1

Selection of détails = " Arbitrary, isclated relationships
travels .in sﬁraight lihés
uses radio waves

like dropping a pebble into a pond
display has sweeping second hand

L .

earliest models in 1930 R e,
R
. Select;dn of . explanations 2 o Integrated, unified relationship

'Transmitter sends out a pulse
-'object reflects. back sqme: energy-. . R
picked up by antenna ~° - SRl s o
makes. bright spot on screen
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20.
21.

22,

23,

" These travel very - much £aster than sound waves;'
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The Radar Passagef"tff‘ ',":
: e r, ' ',. ‘\.‘A .
Radar means the detection and location of remote objects.
.bY the reflection of radio waves.j‘“ ) . P
The phenomena of acoustfc echoes is fdmiliar.h _ L
- sound waves reflected from a building or a, cliff B
' W, oty R B -
_ . IRRTE
' ‘are received back at the observer‘y R o
[T . vai" . S KA
i i £y g . & L .
after a laEse of a short fnterval..: Jg - j[_qJ. e
,\ . ‘ ; ) . o .
The effect is similar to you‘shouting‘in a 'canyon
: I K K I«A o ne
and seconds later -‘__“f-fmr; . ”ﬁ R
o - Il-‘ - b b o : ez 'Y
hearing a nearly exact - reglication of your vdice. B )
- aso* L ) i o
- Radar uses exactly the same principle %' ;~; B |

except that the waves,involved are radio’wavgs,)not sound waves.

~: .
o, .
2 .

R

L i

:186 000 miles persecond, ud;l,'f"’mtz ;’“ : Lo ‘)

o LT -

'and can. cover much longer distances‘y}j‘wu;’;(“: ';t?;f°l~ ‘
- o T e AL
° Thus radar involves sim;ly measuring the éime % ffuffiv
- (-, ) e
between transmission of the.waveé ’~%ﬁ§.3_195‘% f;“,gl 5
and their subsequent retunn or.echo S '.'f[, o r‘
LA o ., ¥ - )
and then converting that to anistanceameaSure.J;J;‘{v"
R : Co R LR
To. send out the radio waves hvw'if Jr{Vf ;':~%-;;1:”
a radio transmit;er s connected t;*a directional antenna
- P aerd goeoor cr'.*~ L
which sends: outfeystream of shd%t pu Ises of radio waves.
'This radio pufse *that islfirst transmitted looks very much like
- ; “ 3 e X
the %ffect '_f<Jj;f f&%r i};hi”rg-ﬁc;z*';fi ]
e ; ; N
of. tossing a-pebble. into a quiet lake SR ;
‘“‘! ‘ _‘rof‘a: o N ’ﬂ -
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- 26.

27.

- 28.

29.

" 30.

31,

32,
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'It creates concentric circles of small -waves

that continue to gro Outward.

Usually both a transmitter and a receiver are. employed segarately

but it is possible to use only one antenna.

in which pulse transmission is momentarily suppressed

in order to receive echo gulses.

(One thing to remember though)

v is that radar waves travel in fundamentally straight lines

and that the curvature of the earth eventually interferes

~

- with long range transmission.

33,

34,

35,

36.

37.

38.

39,

41,

,' 42.

.:43;

44.
§ 45.

46,

(When you think about)
the recegtion of the returning/iulses or echoes
(you should remember) _ .

that any objec in the path of the transmitted beam reflects some of

the energz back to the radio receiver.

:(The problem then becomes) transmitting,the pulses

picked up by the receiver S

 toa display mechanism for visual readout. B

0ne mechanism in large use is the cathode-ray tube

A familiar item in airport control towers

which looks somewhat like a television screen._

(It is easiest to understand how radar is displayed)

if you begin with one of the earliest models

used around the l930's.

These“types of display systems were able_to focus the broad radar pulse

'binto'a.single beam of 1ight

- . . : . .

Ll
~7

N
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48,

49,
;5‘0-0.

.' 510

52,
53,

54,
55.

56.

o of the trace
- 37,

- 58.
59.

60.

él.'

62..
63..
64.

65.

66.

67.

68. .
) 690
. 700

' When no object impedes the traveling radar pulse

and begin to ﬂravel back

_(With this model however)

'since the beam of ligh on’

'Models employed today QSe two simple techniques

(Secondly,);the display screen is adjusted h

;The radar gulse seen on the s reen

g Analysis of‘SciencevProse
42, . _ {"s

which proceeded from the left of the screen to the rig .

it continues its travel

until lost from the scpeen on the rig «

When there is an object present ' b. f - S ;\;;5

the pg;sg_WOuld strike it g , ' S — o

the receiver.

When the object is struck by

he radar pulse ' ".v '}' » f R

kR

7;;( [
{-
it creates a bright spot op %he face of the screen

8

and the distance of the obfegt can be measured by the lengt

E
a

3,‘.;@::5&';

‘comi g from the object back to the receiver.

A
-

"’ . . . T ..

you are only-able to measuré the‘distance of an object - s
T , 4 _ ,

3 e

and not it S. absolute location

;

gthe screen actually represents the entire ”'

width of thF broader radar pulse.

:.,.

e
P -

which make location of,objects much easier -

-

(First ) the transmitter(now operates muck like the search light used
. - E'-' .. i : . . . - . . Lot
in airports. e I : : ’

Yo GRS E . ) K
“ j ..t . . .

It emits a si;gle beam of radar pulses
% 7

that make continuous circular sweeps around the area under surveillance.

i i

b
i L e -

so ‘that its center correspondsgto the point where the radar pulses begin.

- ’ '1} oy _ : . , : -

[

da

, -

-operates like the second hand of a clock

;" S .‘% v‘gyfl . -Lfég |
: Vo,

s
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which continually moves. S

7.

72{
,l 73. )
74,

75,7

76.

7.

78.

When an object is present

it leaves a bright spot on the face of the screen._
(An additional feature is) _
that the face of. the screen actually shows a map like picture of the .

reQ around the radar

.'iving distance and of course,location.-

hus it is very easy now to determine the location of objects

y noting their location on the screens mag;

“e
[

M

o
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Appendix B

"The Supertanker Passage

(A problem is) V -

prevention of oiI spills from s_pertankers.

a‘wreckedﬁsupertanker'spills oil

"(As3a result of spillage)

, (An example)

: took place in l970 _near Spain .

(Attributes of a typical supertanker include)

carrying capacitz of a half-million tons of oil -

.

'size of five football fields : Qe.- L

'and cargo areas . easily accommodati_g the Empire State Building.

(The trouble-is ‘that)

in'ithe ocean

the environment is da;Aged

)

: when an oil spill from a wrecked tanker gploded into fire.

the fire caused hurricane-force winds

Ao,

which whipped “he oil into a mist

-----

of" it high into the air.

(Several days‘later)lB. black rain resulting from this oil spill '

destroyed crops and livestock in the neighboring villages.

J(Another example of damage,)

occurred in l967 L LT _ JAb '

. when the tanker, Torrey I}Janyon, crashed off the coast of Cornwall

and resulted in the washing ashore of 200,000 dead seabirds.
0il spills also kill microscopic p lant life

which provide food for sea life

_ “Analysis of Science.Prose
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Appendix B

The Supertanker Passage
(A problem is) ' -

prevention of oiI spills from s_pertankers.

a‘wrecked" supertanker spills oil in’
. I —

4'(As-a result of spillage)

, (An example)

: took place in l970 _near Spain .

(Attributes-of a typical supertanker'include)

carrying capacitz of a half-million tons of oil -

.

size of five football fields - ;@.- L

'and cargo areas. easily accommodati_g the Empire State Building.

(The trouble is that)

the environment is dagpged

)

: when an oil spill from a wrecked tanker gploded into fire.

the fire caused hurricane-force winds

which whipped “he oil into a mist .

and pulled al of‘it high into the air.

(Several days later)lB. black rain resulting from this oil spill '

destroyed crops and livestock in the neighboring villages.

J(Another example of damage,)

occurred in l967 L LT _ tAb '

: when the tanker, Torrey I}Janyon, crashed off the coast of Cornwall -

and resulted in the washing ashore of 200,000 dead seabirds.
0il spills also kill microscopic p lant life

which provide food for sea life

',“Analvsis of,$cience:?rose..’
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14.

15.

16.

7.
18,

19.

20.

21,

22,

- and said' '

~ Any animal who cannot help himself is not . fit to live.

- said to-the_animals: o ,d o : >

46

Appendix C

The Lion Passage (Selected Portions)

" (Once .upon a.time) 'isﬁ\

'Lion, King;of the animals

was walking through the forest
‘when he became caught in a hunter s tra 2

:.The trap gulled LiOn up, up,. ‘."' ~ﬁfﬁ

'until he was’ hanging upside-down high in a. tree._,

The other animals, hearing the noise,

rushed to. see what had happened. o _ 0

Lion looked down at the animals'

N

e

- "Friends, I have been a good leader for many years.

'Now z must help me.";7

The tiger, who wanted to be King of‘the animals himself

‘shoutEd Jups

th should wve risk our* lives helping z ?

Each animal should look out,for himself in times-of'danger.

This is the way of our animal kingdom.

-Then the tiger turned to the other animals and said'

"What do you sazpmy friends?"

-The'horse, who was too. proud of his good - looks to care about

v

but himself R j.' I L N ”,

"The tiger is.right,':,,.

“Analysis of‘Scienceg?rose
By -

anyone'
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- 25.

26.

CE 27,

- 28,

E . '290'
0.
31,

. _'y 32.

L]

Only the mbuse hadn't epoken. (

"Analysis of Science Prose ST
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47

If Lion can't helg himself,
. Lion should staz in the trap."

AR

The mouse was terribly afraid of the tiger
s0. when it was his turn g R o | <

just to make the tiger happy

he said very quickly. )
. ‘}
_fl ‘agree with tiger.
Lion should not be helped." ' .
LR ] . ) /

<
W
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Appendix D

" A Revised Version of the Radar Passage ?'.

R
‘o e
-

R Definition RURICRRS T T
~ Radar involves five basic steps. Once you understand these five steps, (

-you will have a basic knowledge of how radar Works.' The"five‘steps are:t'

)y Transmission--A radio pulse is sent -out. N .

_ (2)"Reflection--The pulse strikes and bounces off a remote object.
‘ _ (3) Reception--The reflected pulse returns to the source. ‘

e e
et

(4) 'Measurement-~The amount of time between transmission and reception L

L[4

R s is measured. L ,‘. I :V R S .iir'
.%- b : " . N _‘); . :
L () Conversion--This information can be translated into a measure of
. . ‘ ) -~ s . !
~:distance, if we. assume the pulse travels at a constant speed._-_ : ~

i

F~Thus, radar involves the detection and location of remote objects by reflection S

I

of radio. -waves. ' =~ y' e o B

" Echo Example _ -‘:f S o : '1' B T SN

‘e Lo L i 4
" . .

-

In order to see “how these five steps of radar relate to on:é/pother, 1ets f’

' w?consider an example.. The example is a familiar phenomenon, an oustic echo.

a

'(l)' First, you shout in a canyon. This . is like transmission of a pulse.=

e (2) Second, the sound waves are reflected from a cliff. This:is like.reflecé'fl

" tion of a pulse off a remote object. :

‘

(3) Third a nearly exact replication of your voice is received back h

. at the observer. This is like reception of a radar pulse.

(4) Fourth, there is a short lapse between shouting and hearing an écho. -
'iThis corresponds to measurement of time. ‘ :fﬁ ;'"' . - L s
v . o ,

(5) Fifth, you notice that the further away a cliff is, the longer it

”takes to receive back an echo. This corresponds to conversion of time to a ‘;-

A A‘.'measure of distance of remote objects. .';'. - 351 ' Q_ . '”“M N
- . Yy .
g N ¢
g
¥

A
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'The same principle is ‘used in radar, except that the waves involved are radio.

waves not sound waves._ These travel very much faster than sound waves,

186, 000 miles per second and can .cover much longer distances.

Devices

‘e -

. Lets- consider the actual devices that are used for the five steps of radar. .
Transmission—-To send out the radio waves, a radio transmitter is connected

to a directional antenna which sends out a stream of short pulses of radio waves.

- - f e

As an. example of how the antenna sends out radio waves, think of tossing a pebble
Ainto a quiet lake. The pebble creates concentric circles of small waves that

-continue to grow outward

Reflection——Any object in ‘the path of ‘the transmitted beam reflects some.

~ ’of the energy back to - the radio receiver.

Reception--Usually a transmitter and a receiver are employed separately,

' but it is possible to use only one antenna.. In this case, pulse transmission

.1is momentarily suppressed in order to - receive echo pulses. One thing to 4
:remember about the reception of returning pulses or echoes is that radar waves
- travel in fundamentally straight lines, and that the curvature of the earth

- eventually interferes-with long range'transmission.l'

Measurement and Conversion—-The problem then becomes transmitting the’

'_ pulses picked up by the receiver to a display for visual readout.- One

~

mechanism in larﬁf use is the cathode—ray tube, a familiar item in airport

_control towers which looks somewhat like a television | _screen.

. . . . - . SR 'I ‘. . '
Early Display System-_ It E 4' _ . f S . -

. %‘ The earliest display system, used around the l930's, dé?lt with the five

'steps of radar as follows.;;

To represent transmission, the display system focused the broad radar

M

fpulse into a single beam of light, which proceeded from left of the screen

R

E’

8. ‘ o
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-

to right.- When no object impedes the*traveling radar pulse, it continues to
travel until lost from the screen on the rlght. o ' - . i

To represent reflectiona a bright spot is created on the face of the . .

screen when an object is struck. Thus, when an object isvpresent, the pulse

would strike<it and begin to travel back to theﬁreceiver- N
§é&: To. represent reception, there is a trace on the- screen coming from the
L object back to’ the receiver.: o
s A. To represent measurement‘and conversion he distance of the object can

v
Y

_be measured by the length of the trace.‘ Wwith this system, however, you are
only able to measure the distance of object and not its absolute location.

Modern Display Systems

: "'~l-' . . .t .
a Display mode1s<§;ployed today use different techniques for representing

'the five steps of radar, and thus make location of objects much easier.

For transmission, the transmitter emits a single beam of radar pulses that
.

7

make continuous circﬁ;ar ‘sweeps - around the area under surveillance. Thus, an ex-

R4

. ample is to think of the transmitter as being like the search light used at air- -

ports. In addition, the display screen is adjusted s0- that its center corresponds

x

~to the point where the radar pulse begins. As an example, the radar. pulse seen
on the screen operates like the second hand of a clock which continually moves.

For reflection, when an object is present it leaves a bright spot on the

face of the screen.;

_For reception, there is a.trace coming back from theibright spot to the.

. center of the screen.‘ ‘ | |
- '.For measurement and:conversion,athe face of the Screen actually shows a
‘ p-like picture of the area around ‘the radar, giving distance and of course:
location. Thus, it is very easy now to determine the location of objects by.

T : .
noting their location on the screen's map. S
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