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Chapter 1

INTRODUCTION: DESIGNING EFFECTIVE TEXTS

Helping writers to produce more effective texts is an important goal of both

writing pedagogy and research on document design The sticking point in the

previous sentence N. of course. the phrase more effeceve What makes one text

more effective than another? Rhetoricians know that the aim of a discourse may be

to 'dolma, delight, move or persuade the reader. In some sense. then, a more

effective text simply Carries the author's intention further; the persuasion is deeper or

the delight is gritty. This way of looking at effectiveness presupposes two things:

first, that you can isolate exactly what the text IS supposed to accomplish, and

sKond, that you c..a mime the effect of the text on the reader

For some types of text. It is not at all easy to decide what effect the text is

supposed to have. For example. illerary texts might not have any determinate.

*Intended' effects. so the question of effectiveness may be irrelevant or it may

depend entirely on which theory of literature the reader adopts Even when the

discourse has an Identifiable aim, the effect sn the reader may be difficult to discern

or measure. Argument. for example, aims at changing the reader's beliefs It is

difficult, however, to measure the extent to which a person has been persuaded by a

test. since a champ in beliefs may not *Mays manliest itself in the sailers behavior

In a predictable way, or in measurable degrees

12

*?:

Functional documents, especially Instructional texts, have two qualifies that make

them padic.aani accesnible to research on effectiveness First, functional documents

have at least some over:, determinate goals. For examps. the Instructions to; the

1040 tax form are Intended to help people fie out their tax return correctly A

computer user's manual is Intended to help people learn to :wale the computer

So, while a functional document can certainly have hidden agenda, the primary goals

of the document are usually quite explicit Second. functional documents have

observable ind measurable effects on their readers. AM( reading the text. prior

shouir: be able to do something that they simply couldn't d before (or couldn't do

as ire*' Therefore. It is relatively easy to decide whether a functional text is

effecarb, or which of two functional texts is more effective An effective text helps

mole learn to do something. A more effective text helps people learn to do that

something more easily and quIddy, with fewer mistakes or problems Because

functional texts have these C1111111011. II is possible to explore the features that

distinguish effectivs texts from Ineffective ones.

My longterm pal Is to develop principles for deciding what to say and how

Much 10 say In an Instructional text in order to teach a skill most effectively For

the purpose of this work. I will limit the term onsouctional ma to include such texts

is geometry textbo.ics and computer user's manuals. which emphasize skill

performance and problem soling. but exclude texts such as history books and

newspaper arlides. which place moo emphasis on thi acquisition and synthesis of

IniOrmatiOn. An knputtnt assumption of the work is that principles Inn designing

lObwousty. *owning a 91,111 In any hue sense 81141 Oast of 11121nand sonnlencs
However. teaming Inc nnevant concepts. ptinciplat and ptotodutas M valbst bum Is a common and
almost Indispensable WM stop. so Andetion (1983) points an

13



_

.7,

14

7

inseuelionsi texts must be grounded ki s cognitive model of what information people

need to perform Ms sill and how they use this knowledge to construct and refine

new west procedures. This work twofer* draws hethty on cognitive Psychology

for theorise of ten processing and skill teeming and for experimental method. 31

evethatIng skill performance under aliment teeming conditions (that is. how well

readers an perform new skills after Muthing dill tent kthructional texts).

1.1. A Not on MO1h0dOlogY

kt recent years. Mire has been a movement away from analyzing texts as

isolated salsas and loved visaing texts as pert of a complex relationship among

Ms water, the reader, We enema situation being written about and tic text that

desonbes it (e.g., Young. /ether & Pike. 1970: ithmegy, 1971). This movement has

lelluenced the way N which WO are evaluated; more and more, the Intended (than

is being Indio wed in the prows. One exempts of this trend is 1h growing popularity

of holistic scoring for evaluating writing Wily. Many people believe that holistic

Soaring is more mild Man so-Gated analytic measures bemuse it seeks a natural

response le a text from a reader (Chamey, 191144). Skrilerly, more and mots writers

of fun atonal documents are taking tie sensible step of seeing what a r foal person

actually Name from reading the" documents.

Userleek% (or the user4411. as Anse, 1980, tinned it) has been an Important

development for both rmearchets and maaltioners of document design. By observing

typical members of the target audience using a document to perform a typical task.

writers gain valuable knormanon about whets the document works and where

docent With the addition of ihinidng4loud protocols (as ussalbed. fat example. In

Sway, Janlit, Bond & Hayes, 1981: Sullivan and Flower. lottlicoming: and Chamey.

e

1984b) userlethal can also suggest causes for the problems and point to possible

solutions. Repeated cycles of testing and revision can result In nighty effective

doeurnents.

The primary goal ci useestIng 11 to make Individual documents more effective

The primary goal of this dissertation. however, le to develop general principles for

cresting OW a Instructional texts. Consequently. this dissertation sets the user-

"mina approach within an experimental framework. By systematical:), controlling Me

features In various versions of a text and comparing what :eiders learn from the

afferent versions, we can gain a am* understanding of which features are moat

important and why they have the effect they do.

This dissertation le related both to cognitive psychology and to the work of

instructional their theorists such as Merril (1973) and Relgeluth & Stein (1983)

Instructional designers have developed a family of theories about the test forms of

Instruction. Uks cognitive psychologists woeldno In the Information processing

paradigm. insinictional designers begin with a detailed analysis of as task that

Warners are to perform The obiectives of the tiro approaches differ, however.

Information processing models aim at describing bow people naturally go about

solving problems In order to Niumlnate human mental resources and capacities

Instructional design Mathes aim at guiding learners to solve problems In the optimal

way. So. after setting welldnined perk:mance objectivei, an instructional designer

elaborates and organizes information In ways proscribed by his or her theory

lo create Instructional materials achieving Ease objectives. In this dissenation,

the Interests of composition teachers. Instructional designers and cognitive

psychologists overlap: In order to fetch people to vats effective functionu texts, we

can benefit from research on how people learn as well as research on optimal forms

of Instruction.

15



12 An 01fOlVIOw Of the Ditennatiort

The resserch In document design Mat has adopted en experimental methodology

hied mainly Moused on Iwo sorts of goals: maidng the Inlormation in the text easier

le NM and mailing Me inioneellon easier to understand. So. a great deal of

document design work has sensed on problems wish technical lingua°, or on

contents de Its role d tables of =MAN and Indices. or page layout and

h9m3mIV Wr WV. 1577. 197S. 1963; Dully Kahane& 1902. Kierm. 1985:

and research reviewed In Felker. 1980). M important issue the his not received

enough attention M his Issue. el Mlemtedon meant. What kinds of Infomrotion

should an instructional hid Include? How much should be explained and what form

should Its emlenedons or elaborations take?

This dentialion is pen of a larger research prefect Mal locums on information

content and.'In perticuler. on 04 rots el elaboration. In eldll learning (Roder. Chamey

Mogen, In press). *Chapter 2 begins by piseeming the traditional view of

Infonamlon mum h Mew reuse research net polls M a more complex view of

Its fob of elaborations for .atireing a skill from an insbuctional text. My particulilf

locus le on an Important soMcontetonenl d learning a skit learning to choose the

tight procedure at the right time. Chapter 3 introduces his problem of selecting

appropriate procedures, why ale Is an Important problem end how advice and

examples In an Inelmellowel few might help people learn a mend on strategy

Chaplet 4 describes Me expsienweal method of his Nemeth study on advice and

momples. Pe .ftsks of Me study are pressmen and discussed In Chapters 5 and

IL Finally, Chapter 7 presents some concluding remarks on site implications of the

mem* for document design. Including goals for future research.

16
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Chapter 2

THE ISSUES OF CONTENT AND ELABORATION
IN INSTRUCTIONAL TEXTS

hi We duper, I oil sketch the !reddens. thew on Ile content ol Instructional

Iola the New INN ei point, should be explained in compiele deter. Alter

!weaning some reasons ler doubling this srediesnel Oviedo m, 1 WI briefly 'Mow

some esperimental noseerch thel.lseds to a more oomplat iesvc OW elaborations are

or* needed for certain IMO 46 information NW relate to a specific Component of

WI learning,

2.1. The Traditional View on Content

The traditional New an content is that an InWuctionel text for ncroices should

musts Mlle or no prior knowledge. The text should be as complete and as explicit

as possible with detailed explanations of vary relevant pokt. This pant of view is

held by when ol both logbooks and instructional manuals. Teusworthe (1979), to

example, outlines several levels ol detail for documentnp compiler solhvere. The

highest foal of WWI is celled for in what he labels *Class A documentation.' which

he deputes as Wows:

Mee A documentation is Ni, most detailed; I contains speak definitions
and Waded descriptions ol awry significant factor or hem within Me
soften specacelkin Tile level el detail probably Ands ks more

applicable,/ in user manuals, and rig hey so: The wriW of a user manual is
genera* unavailable lot consolation, so the user needs the sans detail.
rfeuendnhe (1979). pp. 1611-1111.1

12

Tile is a good statement ol the traditional wisdom But. as It often happens,

Mere is good reason to doubt the traditional wisdom For one thing. real computer

users apparently don't Ills to read long. detailed Instructional manuals They'd rather

ask someone to show them what to do or try to figure II out themselves (Scharer.

19i3). Furthermore, Pima and Anderson (11183) have observed that even when the

learners do read the text, they draw on relatively lithe of this information during task

performance. So from this point of view. providing complete and detailed instruction

seems of little practical value to the learner.

A second reason to doubt the traditional wisdom Is provided by research In the

factisarning domain. Ina series of ten experiments, Roder and Anderson round that

subjects who studied a lull length textbook chapter performed worse on

comprehension and 10C1111 wets than subjects who had studied summaries that were

one fifth as long glider & Anderson. 1960: Rader t Anderson. 1902: Atwood.

Wiltairom & Rader. 1962, Roder. 1942).

Rader, Chantey I Morgan (1984, and In press) explain these rather surprising

results as a combination oh, two phenomena, one InvoNing encoding and the other

retrieval. The encoding phenomenon is the well-known Total Time Law (Bugeiski.

tint Cooper i Pantie, 1967): The more time and attention a person spends

studying a particular fact, the better he or she WI learn lt. So. reading elaborations

In the text diverts time and attention away from the main points. On the other

hand, studying a summary allows the reader to devote full attention to exactly Moss

points that need to be remembered. The encoding phenonmenon Is not thu whole

story. however. In one study, Ruder and Anderson (1962) equated the total Ow

subjects spend studying the main points. The subjects In the elaborated group spent

extra time studying the elaborations. Presumably, the encoding, for the main points
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in boll groups wars equally strong because Nitta* in both groups spent the same

t amount of Mute studying Meek but Mere was all a significant advantage for the

summafy group. So. Me handicap of the elaborations seems also to Invoke a

seoond phenomenon. reeled. When Me learner Ma to retrieve the main points of

a NM from memory. Me elaborations cause interlevenoe (Anderson. 1974: Roder II

Anderson, 19110).

The findings from Na WM-learning domain suggest Mal elaborations hurt

perowmance when the learner's goal is to unroweland and nowornber Me main points

of a text. But whet happens when Na goal is to apply Me leros, to we them to

solve problems. as in eta Magnin.? We know that learners don't like having to rely

on computer mew*, but N's an open question why computer manuals and other

inseructronal texts are so unsatisfactory. N could be that such rode lea to We up to

the Wedekind wisdom: that IL they assume Soo much prior knowledge and so don't

contain enough Informakan. tic it-could be that they contain too much Information

Mai distracts attention away from Me essential Ws: that lc the advantage of

summed es might apply awn in Na skill learning domain.

2.2. Research on the Role of Elaborations In Skin Learning

To test whether elaborations help or hurt skill learning, we conducted a study on

the Wer's manual for Na Disk Operating System (00S) el Ni, IBM Persoi

Computer (tor a more complroe report ./ Ws study, see Roder. Chem,/ it Morgan,

1154 and In press). We rewrote pan el the original IBM manual (Anonymous, 1913)

lo include the clearest and most Mew 4 elaborations lye could think W. such as

detailed ispMnallons. analog se, metsastsmess, examples of commands, and so on.

This 'elaborated' version el Na manual came to about 40 pages. Then we created

19
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a second, 'unelaborated' version of the manual by simply deleting all of the

elaborations. This manual came to about t2 pages.

Eighty novice computer users were given up to an hour to read one version of

the manual and were told that the manual would not be available to them after the

reeding period was over. After the subjects read the manual. they were asked to

zany out a Mot of four ordinary tasks on the computer: renaming tiles, creating

subdirectodw, copying and deleting files, and so on. As the subjects worked. the

computer kept a record of every command they typed and the time at which it was

entered. The measures of how well subjects performed were whether they were able

to do the asks and how efficiently they worked (59., how much time they took and

how many commands they issued).

Moll el roe subjects, the 'Ulm' group, were given advance information about

the Wks they were going to perform, before they read the manual The 'After'

group saw the task instructions only after they had finished reading the manual.

This IllsnillulatIon was Included in order to simulate two common learning situations

Sometimes Isomers have explicit goals in mind and turn to instructional materials

spook* to find information relevant to those goals At other times, people come

to learn a new skill with only a genera! Idea of how May will make use of what they

learn. We Speculated that elaborations provided in the text might be less valuable to

the Before group, who could presumably generate their own taskspecillc elaboralions

while reading.

We found that the version of the manual did not affect the number of tasks

subjects could complete, suggesting subjects could learn enough from any of the

manuals to complete moat of the tasks, providing that the time for working on the

20
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tasks was not sostricted. Homer, we did and delarencee in how offIcionily subjects

worked. Sublets psofonned better if sieborstions were available. either elaborations

in the let or elaborations OW they generated themselves based on advance

knowledge of the tasks: they were Near at performing Me tasks al issued lever

weans tide. However, hmIng steer one of Mese sources of elaborations was

sufficient fusing both elabortione in the Ird and advance loweviedge Old not boost

pedormance above one of Mese sources tone.

For some measures, we found that the shorl.r, Jnelaborted minuet worked well

kg Nelms wto had stance knowledge of lie tasks. However. to results in

general support the Mee that manuals should contain elaboration. Realletically. we

can't assume Mai all learners will come in with soh dewy defined goals u the

Before group subl'ite. In feet Ms sot performance Merle came from subjects

who /lad no Jalabiation1 avallable. Lc, subjects who lauded the uneNtboratsti manual

elshout atonal Imowledge of Ma Issas. On Wince, Mose tumors were ',spaded

mom by Ike undueMborsted teals Man the more goakerected learners were by the

OwevleberMed version. Al this point, VW MM beet Seem would seem to be to

play N safe And provide elaborated imeructlon to all learners.

So these Inuits Seem to appal Its tracillional *Wont of giving novices

cornett* euMnations of all the (*levant points. Unfortunately, we can't lay the

question to reel hem, since Carroll (1956) did a feisty sinter study that produced

Milting results.

Cannel and them have adopted new philosophy toward instructiorsal manuals,

the so-called Minimalist rillottophy. 'Designers of so-called 'InInimellet training

maleriale* proceed on the astuntpliat Mal forarucionel materials should actively
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encourage discovery within; by providing as IMP prose as possible Carroll put this

into practice In a tutorial manual for a commercial word processing system

the I8M Otspiaralter System) and produced a ;rased manual that was one fourth

the length 01 tie original. Carthe's principles los showing the manual included two

males steps. Fist. ha cut cut everything hi considered irrelevant to the task at hand,

...ellninating all repetition, all summons!, stases, and practice exercises.
the Index. and the troubleshooting appendix. material not related to
doing office tusk was eliminated or radically cut down (the welcome to word
processing overate. descriptions of the system status ite, details on the
system components. etc.). (p31

Canal's woad step was to take what was MIL the relevant information, and

delete parts that he believed learners would be able to figure out on their own

Procedural details were deilbecately specified incompletely to encourage
learners to become more exploratory, and therelose, we hoped, more highly
=tail and Involved In the learning activity (e.g. the function of the

cursor step-keys was Introduced with an Invitation to 'Try them ,d see ')
Kerr* p.61

Carrel's manual was tutorial In the sense that readers were expected to try

things out as they read about them. After giving some sublects the Minimal manual

and other subjects the original manual. Carroll found two things: first, subjects whc

workski through the minimal manual learned the basic Information more quickly, and

second, when tnese sublects went on to study adif.nced techniques. they learned

more of these techniques more quickly than subjects who worked with tne original

materials.

Carroll admits that this eon at designing minimalist materials was exploratory

For example, as a result of preliminary testing, he found he had to add in some

explanatory 'salons as well as some procedures that subjects -cloth couldn't figure

out on lialr own Furthermore. Carroll made other changes to the manual In
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addition to melting N Stoner: he derilled Me terminology and organized the

downoolon wound Wince, I:Nations for wows. N is thereiore uncertain how much 01

Me superiorly of the minimalist version Is due to Mouth and how much to those

other champs. However. In the main Carr ll's findings support the minimalist position.

having lees to read led So egulzalent or better learning at a faster own. fr.,

WNW Carrot's study nor ours allows us So generalize shout whether or not

Mabormions should be included in a text. We have no systematic basis for

contrasting the kind of eleboratione in our manual to those In the WOW&

DIsplaywrlw manual. so we dent know whet we did right .io get better performance

and what Me writers of Carroll elaboteled verakm did wrong. Furthermore, we don't

know exactly what our elaborations did to improve sublAt park-mance, so we can't

predict what kind of elaborations are wortwhike The work I will describe now

pursues botll of these questions: what types of eleboratkwm are necessary and lic.w

May allact the user's behavior at task.

2.3. The Effect of Elaborations on Skill Performer:4

the sublet*, in our experiment who studied the slaboralsd menus' completed the

Mks in hoer steps than subjects who saw no elaborations. There are two major

ways in which the elaborations might have helped subjects perform the leaks

effIcient*. First. elaborations may have helped subjects construct more efficient

for accomplishing a task. Some elaborallons in our manual gave ethics about

MOM

plans

when

to use shortcuts (such as wildcat characters). N these elaborations helped subjects

remember to use the shortcuis at the approprieM Owes. then subjects who mad the

elaborated manual would be able to comeate the tasks wah It me commands. The

second area In which elaborations may I. Ne helped IS to gonwate syntactically
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correct computer commands The elaborated manual contained many egampies of

syntactically correct commands and detailed explenstions of what the notation meant

These elaborations may have helped subject. remember the names and the syntax of

the commands end lormulate syntacticeity correct commands more easily 2

We Invostigated these alternatives b. analyzing the kinds of commands subjects

issued end the kinds of mistekes intey made. These data were available Irma the

records or 'on4lot protocols' of the Subjects' interactions with the computer The

commands Ir, the protocols were coned into five categories:3

Productive moves: syntactically correct commands the' terry out a 'target
action" or that enable one.

Verification moves: comoands tnat check whether a previous command
had the desired effect.

Execution errors: cominands that contain one or more syntectic errors

Goal specification errors: wrong command issued Or faMwe to perform a
prerequisite action (The subject may have had some misconception
about current state of the computer or the capabilities of a command )

Recovery 1110V3: commands to gain information after an error or to undo
undesired 'Recta.

it Is important to note that recovery moves are not simple corrections of syntactic

wrote; recovery moves ere efforts it problem solving to diagnose syntactic errors

(such as rearranging the elements of the commend line). as well as 'mons to figure

=unmet or IlyaliCaalleif correct commands may help in oMw ways elan Ilutitting the command
syntax. Seeing a vathry o' examples weeding oirewm applications of cam and might also help
poop. Nem mote a au* the tuncron 01 the command of when of In Mutt wicummancas to apply it
Tile howeort of mummies was not exploited In our manual. since mist commands "me illumined veil
lust one amel*

3In tor. protocol. lot 20 sublime wale analysed. hall had sludled the EaMONIPO neuron ol he
manual and hail the Unialabotated wanton All of Ma sutiMCIs were in the 'het condition 0 e. none
had had advance knowledge of Ms tasks)
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out whet effect a command .rad and to undo any undesired consequences (such as

deleting MN that were copied to the wrong location). Any syntacticaNy correct

command Met achieved it tale. action was dubbed as 11 productive move.

moonless of whether N was preceded by an incorrect ettemut.

Oiler teseerehers of humanc-mputer imeractions haw used schemes to only. zs

the envoi people make while performing toes on the computer, for example Riley &

011alsy (t1e4) and ratbrechts. Cielembos. Wagner, Seek. Deck and Wader

gorthoontingi. Item coding systems differ in some important respects; for exampie.

only our melon cremators the rialtre dieldhusion of productive commands and

different types of errors. However, ro throe systems dletbumbh behreen goal sena";

problems and problems of esecudon.

Tel* 2.1 shows the distributes of Me ere wpm of commends for sublime who

saw the ehborated manual and subiects who saw t t,, unelaboroted manual. The

num*/ of Napo for productive and vertlicallon mane were essentially the same lot

the two groups. If Me elaborations had helped sublects invent we efficient solution

sinitegrom Men we would hrreexperoad the elaborated group to have neednu fewer

productive move*. Ike this was not the A v.=

The :Moreno Ni beroMor Wlwsan Me two groups appears In the final three

catego-es .1 commands. Subtects in Me Elaborated concillion aimed Mrs than hall

as many commands that contained syntactic errors as sublets in the Unelaborated

condhlom (16).2.4, p <.06. About Me same ratio held for goalipecificetion errors

and recovery mom. but onti Le contrast for the recovery moves was significant.

+11S).82.3. p<.06 So two Minge Meat the elaborations seamed to help *Mews do

were to learn to gown* correct commands and flaunt out how to lx bad ones.
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TABLE 2-1

Mean Steps Per Subject for Five Kinds of Actions
as a Function of Version of Manual

Elaborated Manual Unelaborated Manual

Productive Moves 27.7 steps 33.7 steps

Verification Moves 11.0 1/.3

Execution Errors 9.5 20.2*

Goal Specif. Errors 7.3 13.5

Recovery Moves 11.3

*Contrast is significant at the .05 level
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Reeler. Chem', and Morgan (In press) sets these results Into a bigger Plow.) 01

what people la, to team In order to 'se a new set of procedures. Ike those In a

oariptiter mama We amok. of good aka per 'ante .on a novel task as

.puking mastery of Mae sub-componente:

1. PoprodalIng Its meaning of novel concepts and procedures. For
Nam" what If a NW/sectary. whet does N 'wean to copy a Ms?

2. nemstribedng the procedures and understanding how to New* Item in
a speak elusion. For our task domain. Mkt MANN remembering Me
NINON rules and using Item le lawns carat commands.

3.. FlememberIng to uN its most apploprIMe procedure for the situation at
hand. When there Is more Man one way to do whet you wank you need
some selection MO Of strategy.

Granted that the protocol NNW, was post hoc and Mat Ns evidence Is not

relnlarced by thInldwaloud wean, dela. Its results of the' 'Mob are all quite

auggesNe. The advantage of Its elaborated group seems 10 be In Me second

subcomponent: knowing how to formulate commands comedy. recognizing what was

wrong in syntactic*, Incorrect commando and flgurIno out how the computer

talwpcMad Me Incorrect commands.

Now the Information In his manual can concern any of these subcompommls:

Wormallon about what commands we sealable and what they do. information about

how to Moue correct commands and ad IN en when to use one command rather

Men another. But some of the elaboriolone It the manual seem much more relevant

Nun Ohms to Swift how to formulae Carted commands. Presume*, the. most

relevant elaboradone would be those that noble dimly to the command notation and

those Mel Om examples al correct commands. 11 the only ~age of the

eleboreled version was In helping people learn IN command syntax. then perhoPs

only his eleboranuns relevant to MN topic we' necessary In the manual.
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2.4. Controlling What Types of Information Receive Elaboration

In order to test whether the syntactic elaborations were the source of Ins

difference In subjects' performance, we conducted another study in which we

systematically controlled the avellability of the elaborations by type (again mooned

mom fully In Roder, Chantey F Morgan, in ',less). WS started with the elaborated

manual we had used In the previous experiments. Then we classified the

elabotedens In the manual according to whether they concerned 'conceptual' or

'syntactic' information. Elaborations were classified as 'conceptual' it they

concerned basic concepts, such as the purpose of a command or when to use It

Elaborations were classified as 'syntactic' If they or :amid h to issue commands

correctly (0.2, examples of commands, details about notation corwen.rons. etc) ay

crossing these factors, we came up with lour versions of the manual; one :ontained

both conasptual and syntactic elaborations, one contained just the conceptual

elaboteliont one just the syntactic ones and one contained neither type.

The purpose of the class.licatIon was to separate out Information about syntax

from other types of information Two caveats are in order. First. although we have

classed 'functional' Information &bout the purpose of a command together with

'selection' Information about when to use a command. this should not necessarily be

taken as a theoretically NnIfIcant grouping In fact, the research to be described In

Mis dissertation wIN attempt to son out the role of selection information. Second. we

have classed examples of syntactically correct commands as syntax elaborations As

noted above, such examples may haw other benefits relating to learning the function

or epptrpdate application of commands. To the extent that subjects need additional

elaboration for these functions, we would expect the 'conceptual' elaborations to

Improve performance. II the syntax examples also contribute novelly to these
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functions (a *wood so Me SWAM function we firm postulated), then we would

expect is she similar limas from both typo of elaboration.

this enoriment, hall of our sublects were experienced computer users and MU

efeceweeeele We expected Mess groups to here complementary needs as far as the

conceptual elaborators were Cat Wined. balleiralted computer Were sr.eady

understimi the general concepts bid compiler Amsents. They need to know what

options are available on a new system, but they relohl be distracted end bored by

'Manikins an concepts they arear* understand. *Moss- however lick a clear

conception of whet ,a camp* operating system an do. We expected Mem to

benefit from fuller explansflons. On to Mee hand, we expected experienced

coMPOler users and nodose alike to Mina from siaborallons on the command

syntax. Experienced cormuter users ere probably better M parsing the abstract

syntactic rules Mat are found in most computer manuals, but both experienced

computer users and novices ghould be better at formulating correct commands

themeelves V they have seen exempts of correct commands. So both groups of

IMMO should benefit from elaborations how to Issue syntactically correct

commands.

Nov smirkingly, we found that the experienced computer users performed much

Miter than to novices on airy Mature. However, we didn't find that experts and

nodose needed elaborations on deferent types of Inanition. instead. both groups

benefited from the syntax staborseins: When the syntax elaborations were available,

sublects worked Mendes* more quickly and Issued draw* fewer commands

Mon when they were absent. in no owe did Me complus' elaborations seem to

have an effect whatsoever.
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These results provide sulking evidence that users benefit from extra information on

how to execute procedures. both experienced and novice computer users performed

1' der with such elaborations Man without them The finding that the conceptual

pabotations were useless even for the novice computer users was a bit surprising.

However, it seems premature to conclude the' we never need to elaborate on

conceptual information In instructional texts.

2.4.1. The implications of the Results

My goal In this dissertation Is to considcr further the question of the conceptual

elaborations, In particular those that comsat 'selection' information: when to ma

particular commands or how to choose between Sarnia commands There are several

possible explanations for why elaborations on selection Information failed to Improve

performance utile syntax elaborations succeeded.' Let's consider throe plausible

explanations. First: It is possible that both types of elaborations rosily are useful.

but Me selection Information happened to be irrelevant to the honouree tasks h this

experiment (I.e., deciding among the plausible commends for each task may hays

been Ideally simple or the selection of one Cenimand over another may not have

drastically Improved or Impaired efficiency). U so, then II should be easy to show that

elaborations on selection Information improve performance *Nov:: tasks require'

(mobil choices among commands.

A second explanation shifts the blame from the tasks to the liaborations

themselves. Suppose that the selection Information :sally was relevant to good

performance on these tasks (I e., the choke between commands was hard or would

'TM stounllulls deuolOpOo In thin Mellon locus on soloclion InlamnUon, but nenesponalag
litpuniOnls can be developed 101 '11/11010nar InlonnallOn as wall
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have affected effIclency). but subtexts couldn't figure out how to take advantage of

vas Inform** and the perticuler *bonbons in She manual happened not to be the

most Wadi. kind. All a result, oblate Mad lo make good use of the selection

Infonsimion, venelher *Menlo* were mashie or not Movrever. 6 the manual had

oonlakted better ofabotallone. Men sublects would have been able to mph* the

W ooden information and their psdormance would have Improved. In this cue. the

Wick Is to Ind the right land of Mabomilon.

Ile gad and most iniereelkm poeslbally is the the results of MN study should

be lam al Noe vain: Mme may be aiNerenl types of inlormellon, only some of

which need mans* Whoredom ks imnructionsi masse. Wonnstion about how to

minerals smascloally coma camp* commands would Men seem to be a type that

bereft Iron elaboration. but UM** Information Is not. in this case. we shouid

never Ind Improvement for sublet* who reed ssisalon eleborslions, no matter what

Me elaborations look Ike, even when lie experimental lake require careful selection

among commands.

Milos that these mime** poet three features to control *sew elaborations

have chance to Improve psrlonneve: the Um* must be ones for which the

informelion la relevant. lie eldiermions must be the right Idnd and the Information

must be a type that benefits from eMboration. Esch explanation assumes that a

Marone one of dose three features was missing for the selection Information in our

experlassa N Is Women, and important to had al which expisnedon is mimeo

WOW* they hove illflerenl implicalkins for willing elleato manuals. It seems

intuatmly obvious thel writers will Morays have to consider Me tasks theft readers will

1
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perform and that they must always choose elaborations carefully 5 However. It the

third explanation Is correct, then there is an additional failure. Information type, that

may help writers decide whether or not to elaborate some point In a manual

Let's begin by following out the knpiications of the first and second explanations

S10f10011 that fdr any given kind of information, we can always find a task for which

performance Is improved when the right elaborations are available Thom In order to

decide whether or not to alaborate a point, writers never need to consider what kind

of information the point is, but only the relative abundance of tasks for which that

inionnallon is relevant. For example, suppose that there are tasks on the 18k4PC

for which selecting the most appropriate command Is difficult and making the right

choice greatly improves the effkiency of 0.s solution 11 these 'selection-critical'

talus Or 'Wagons are fairly common, then selection Information should be Included In

the Manuel ::.. :relp_ the computer wet pick the best command. On the other hand,

these altuatiom might be relatively rare. That is. the tasks we chose for our

experiment may have been highly representative of the tasks most people perform on

the 1104PC most of the time. Then it might be sale to unit the selection

elaborations and Include only syntax elaborations. as we did in one of our manuals

In short. If we can assume that any type of Information can benefit from elaboration,

awn writers only 'need 10 worry about the distribution of tasks for which thl

Information Is relevant and finding the right elaborations.'

"Hollane. Rom. Ow I Doty 41554 gam*" Pone espotenettial ',Mono* MN mon km um synlos
type 01 Intemteette (I how to mecum a proof Iwo. ale WM 01 spocohallion www 55 omMotS,
chosen: too One a dorms of Ootast ally Conlullea Om Womor.

lower ilv swivels. dm wan .Ay free% Ote!lOrations me fa SNOW IS reel no SNOW weal 11911

100 met .161$ 10 use I ce4w01.40 gat, you wItt gmlyS naafi to &Acta 0,M to ganstits the comment) erre

CetteCey.
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On Me ether hand, 11 Its third explanation is caned, then is not sufficient to

consider Ni. tasks and Me queer/ at the eleborations. Mims mutt also consider

Me type at Inlormation. II would be very helpful to know In advance that syntax

InOmmadon is a type Met benefits from 'Monition but Met selection irdormation Is a

type Net doesn't. Then writers need new warty about finding good eisbom:uns for

selection intormasion; they can obeys Maw selection irdaretelion unelaborated no

metier whit Ni, tasks are M. There might ales be Sher types at Irdorrnation that

do not lineNs frnm siibcndlon So, II Mere le reason to believe that the third

explosion is carted, Men our resserdt Mew ebstAd be to explain why syntax

informaion Mere from WEIN inlensolon M egg respect and attempt to predict

whet ether Wee at information Wile or not 102M elaboration.

The mein* reported M Its Wowing chapters attempts do earl out these

allemeettee tif Meeting canapes under stitch people are more or Mee likely to need

selection Informagon and proWeleg Olstent types at selection elaborations. The

..stedmaslli descrbdd M deist M Chapter 4- nick holvovor. Chapter 3 analyzes

whet M Involved M 'Wolin, a procedure and redone related research.
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Chapter 3

THE ROLE OF SELECTION INFORMATION
IN SKILL LEARNING

Th le dispense* focus* on the led of the three subcomponents of skill looming

pneserled kt Chapter 2: how people teem to Ocoee appropriate procedures for

cdtrithi . prthlssn This chapter begins by constantly the problem of rirocedure

saloodan and what kinds al tasks 'souks mrategies for seething a procedure. I will

Mien °smokier who intensities In en Instruceonsi sees Wahl be relevant for looming

such etreleglos and tritely review eel work has been done In this area. The

second part al this chapter deals ails what intrusion on selection should look like.

focusing In parecther on the role of examples. The chapter concludes by previewing

how the experiment lo be reported attessmed io mardpulate lie femur* of task and

*silly of eleborellons Mist were *scribed at the end of Chapter 2.

3.1. Selection kdormadon and Task Characteristics

The experiments of Radar, Chantey and Margin (In press) and Carroll (1gad)

both concern sides kt v mich people learn a set of boo* connected, unordered

procedures that can be combined to **kw, a wide widely of goals in this

respect, learning to use a cereputer operating system or a computer text editor is .,

*eller to learning how to cook. A good cook knows how to use some basic

procedures, such as sauteeing *NMI* or making a white sauce, to prepare a
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Mos variety 01 dishes Similarly the commands in a typica! text editor can or

combined to serve gcals as diverse as writing computer ; ograms willing poetry

doing data entry. and so on Just as someone who Is skilled in cooking can

combine the basic techniques to achieve new culinary delights without depending on

amolpe. so a person skilled In using a computer must t ails to select and

combine appropriate procedures to achieve his or her own goals

The wide range of possible goals for using a computer system (or learning some

comparable skill) has a profound Impact on the content of the typical Instructional

text. It would be difficult If not impossible to explicitly address all the goals a user

might adopt. Consequently. most computer manuals describe the commands and

procedures In the abstract. so that users can apply them to whatever goals they may

have adopter at the moment. One common result Is that new learners develop

'functional rixerinesr: they associate a command with whatever purpose they first

used .1 for and forget that the command may have other valuable used Another

common esull is that people finish reading a description of a command without

having the slightest clue as to when they'd ever want to use It Even when there

are examples of how to use the command or procedure. at best the example reftncts

a guess about what the most typical use might be. and at worst the example itself

is arbitrary or formal. For example, In Me IBM manual for the Disk Operating System

(Anonymous, 19(14). the comment; for renaming a file Is illustrated with the following

example: 'The command: RENAME &ABODE HOME renames the file ABODE on drive

B to HOME.' Computer manuals are not the only Instructional texts to present

arbitrary or generic examples. of courier. The problems that students work on In

math classes or even writing classes often bear little resemblance to the real world

problems that they will need these skills to solve
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Mdfl Inman. ihen, may need help connecting IndMduel procedures to higher

order goals to help Mimi remember that Mere his aliment or open:OM command

for a Oen sliusikat. They also need to know how Individual procedures relate to

Wit other, so the when procedures me slmem, they can choose the most

approplas one for the given circumstances. I we use Me term selection ineemallon

for Information in an Instructional text that alms at sees10111 Ohm of those Reeds.

The question is, to what extent should selection Inlormadon be elaborated in the

WO The expert area described in the previous chapter suggested such Inlannation

an be conveyed with We or no ebbe/aeon. One gest of Me cilessnation la to test

the generally of Mal result.

N M worth noting that Misollon InIummtion is probably not necessary for other

lends of NM fawning. such as /earning lo asset** a data or operate a Mel* of

equipment. Whereas the procedures M a ampuler manual can be used for a

twisty W goals. the goal of an esteem* teak or an operations task is fairly end.

In an amen* ask. such as learning to put *patters Memo system. Mere Is a

speak, thing that Me lAsoee are going to form. In an operations task. such as

Marring le operate a radio est. there may be several different operating procedures

to been, or one general procedure with branches for vedous contingencies. but each

procedure for the most pen hit a dliMnd gal. Beams die goals are more

Menem the detainee.* Of Mit procedures can also be more specific. In' some

cm" the steps or procedures may be prisented In a Nod order that must be

followed exactly. N the procedures are *anciently complex and detailed. learners

might new expect to teak Independenki of the instrucdons, such as pilots who

review printed checkNets each time they ffy, N contrast. once bernerS know how to

tell a COMputer taxi editor. they use the manual mainly to learn hest lettere* or to
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sohe some unexpected problem or for an Ix cavonal reminder For these reasons.

the ability to select an appropriate procedure for the task at hand is mucr, loss

!modem in assembly or operations tasks then in learning a system of 'mum.

purpose' procedures. The instructional materials for assembly and operation tasks

probably don't need selection Information!

The work that Is relevant to selection information has thus is been sparse.

There Is some early evidence from Smedslund (1968) that without any instruction,

people can develop consistent and efficient Stf1110911111 IS they work through a series

of problems. Not surprisingly. Smedeiund found greet Individual differences In the

quality of the strategies. Other studies suggest that you can train people to use the

NNW, you want thorn 10 use (e.g.. Roder. in press; Slembeig 8 Kelton. 1982). In

these studies, the task Instructions told the subjects which strategy to use. either for

the whale experiment or for each Individuel problem. The situation I want to look al

het Is a bit different. What I'm Interested in is advice that tells people 'Use

procedure x only when you are In situations that have suchandsuch characteristics.

otherwise use procedure y.' The question is, when people see such advice and

Men are presented with a range of different situations, can they pick out the ones

with the dole characteristics and wit they use the advised procedure?

This ItInd of advice Is obviously very taskdependent; advice Is much more Sniffed

then the general problemsolvIng heuristics that Poha (1957) or Newell and Simon

(1972) were interested t. Advice Is much more closely related to the selection rules

?OWNS I MSS) and Swim a Goodman ilSOZ) IMOki linemen/ ginrnntl wcine wet
kilinsCg0nai Wale to e,eeauy and Oastaaan Was Co Innsr.1 ft= a cattotont typo of Int:mitten
'how It work' Infowntton Oleos stem Mot knowing now Ina puts it Owic Ousted itlps
learner Wet atocodutos KM how to put N logoihos or *pt N
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from Card, Moran and Newell's (1943) model of task performance. Card. Moran and

Newel studied experienced users of a computer lext-edlior that oil rod Nov basic

melltoft of moving the =sac sostcning for a specified string of characters or

moving site cursor up or down a tine at a time. They found MO the users had

idenliesbie selection ruler be choosing Swween MOO Mahe* (e.g., use the search

method 11 Me larger locelon Is more Men three Mee away. use the Inefmei method

ollterwies). Presumably, these commie( users developed Moir strategies themsekes.

but Wit sop teaming who not observed. As least some people had developed fairly

Inefficient Mrsiegke. Par example, one sublect never used the string search method;

she used some variation of the lineed method even when the target location was

over 10 Mee away.. Card. Moran and Newel successfully modelled how the experts

used miection rules, but they weren't Iriteremed in the Wattse efficiency of the rules

their sublects had come up MO nor In how the subjects had acquired their Mies. 1

These issues are important or leeching novices to deal w1111 a new set of

procedures. ti novices don't appreciate when to use serious procedures, they might

°wrest* overlook procedures that would be very useful to them. Instead. they may

settle on some Inefficient procedure that they happened to learn first or that may be

easy to remember. Even assuming that people do know about alternative

procedural, the decision d kh one lo use might depend on a personal prefer rice

for oohing problem a certain way, or N might depend on the specific features the

problem (t.e., perhaps people can easily guess or Num out that one r,ethod is

better for given problem). The goal of We research le to find Out whether the

decision-making process can be Influenced by ethics in the manual on when to use

a specific procedure. So the work that wile be described here pesos two sorts of

teemed; questions:
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1. WIN people follow advice about when to use a command? When they
C100. IS It SIM* because the task situation Itself makes n easy to
IdefIlily the most efficient Strategy?

2. What form should the advice take to have the most effect7 In particular,
should advice be stated lust as a verbal cure or should It be elaborated
with examples?

3.2. What It Takes to Folio w Advice

As described above, the sort of advice that will be studied here Is essentially a

rule of the form: Use ptoceduts a only when you are In situations that have such-

and-such characteristics. olhenvise use procedure y.' The advice Is Intended to

guide a choice between two or more procedures aut can be used to solve some

problem; the advice pa its to the easiest or most efficient procedure for the

circumstances.

In order to follow advice, learners must do the following things

1. Remember the advice

2. Be motivated to follow the advice

3. Deckle whether or not the task situation matches the conditions spcIlled
In the advice

4. Carry out the recommended procedure.

Tne last requirement IS straightforward; learners can't follow advice II they don't

remember N. The form of the advice and the degree to which It It elaborated. may

affect how well It Is remembered, as Mil be discusmo 'slow

The second requirement Is based on the fact that, although advice is a rule.

compliance with the rule Is discretionary rather than compulsory Peor.le don't have

to follow advice In order to do their work, the worst the. 'n happen II they don't Is
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s drop In efficiency. In contrast. syntactic nese for waling correct computer

commands are compulsory In Me saes that N a person Mohos lo ague 9 command.

he or ase most follow Me rule madly. In reslevorld situations, *men may be

Won* moNveled to work Mader* perhaps In order to meet a Medan* or

comma resources. In the present research. the mem of the task provides a

different Mod of motheaten: the task Is to Ind to most efficient way to solve a

problem. This task poem subject to consider various solutions lo a problem and

compare how many steps each one would lake. Them comparisons will be difficult If

Mare are many possible solullone. each vagi a billy large number of steps. In that

cam maitects might be more prone to trust the Wm to poinl lo the most efficient

aoltelon, maw then Ming 10 perform all the mooing calculations.

The sled moulremeni addresses the fact that subjects must analyze the situation

In a problem! 10 decide whether the advice apples. In fact. the advice recommends

Iwo Meant actions depending on the dwacterislIce of the situation. Procedure x is

so be used If there Is a parade match between the NMI/lone In the advice and the

le* situation. ii viere is no mach. then following the advice means using

procedure y. Recall. for example. the selection rules for moving the cursor from

Card. Moran and Newell (19113) The Search urged was used If the target location

was more Men three Mee ''orn Me current location. othenelee the Line-feed

method was used. In order Is lag procedure a Isomers have lo recognize the

obese* of the conditions under which they would use procedure x 0.o.. recognize

that the cursor Is no more Mon three Ines away). Such 'positive' and 'negative'

matches may affect how easy N is lo decide which procedure Is Mt advised one.

C. ea once N '1 clear which procedure le advised for the current situation. the

Isomers must know how to any N alt. which they learn from procedural Information

such as syntax rules or rep-by-step instructions.

3.3. Finding the Most Effective Form of Advice: the role of examples

A piece of advice is a rule. It points out something to do (or not to am in a

particular situatIon. Previous research has found that examples help people earn to

apply rules In both the problenoolvIng and concopt-learoIng domains The present

research examines the role of examples for learning to follow advice is advice more

memorable or easier to apply correctly If It Is elaborated with examples? Are people

more waling to follow advice that Is elaborated with examples? If examples do

benefit learning, what is N about the examples that causes the effect? Is it that

examples provide apecific. concrete Into alations of the general terms In the (al?

Or Is N that examples provide a model of the ask subjects have to perform?

This section MN triotty review previous research on examples. It will also

describe two types of examples and the different effects they may have for learning

to follow advice.

3.3.1. TM Benefit of Examples for Concept and SkIN Leming

Numerous researchers have found that examples help people learn concepts

The basic finding is that studying a deffnleon (In essence. a rule for category

membership) along with examples of class members. greatly Improves a learner's

ability lo correctly Identify members of the class, as compared to learners who study

the delltatIon without examples. Poechlk (t975) defined various psychological

'defense mechanisms.' with or withobt examples of what someone mic! do white

exhibiting that defense mechanism. Subjects who studied definitions with examples

were much bitter at clessifying descriptions of behavior patterns Misch (1977)

gin spat mix work loIlow9 a bog Inollnon of *quoting knowloOgo of a concip1 like ramp with Ma
. OOP/ 10 Tocognito Inetc.cos or own lobos In 11* world
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dbleffidd Wad( reeds when subjects learned novel, unfamiliar concepts

gobbets were deo bolter at identifying novel category member, if they had

examples!

Her

Seen

Examples chin present typical instances, but less Mcical Instances have been

found useful for learning the range and venation of a category or set. NItsch (1977)

found Mist subjects teemed concepts better when the examples were different from

each other than when they were all NAV Moller. Counterexamples have also been

found 10 help berms set boundary conditions to a rule or generelzadon (Tennyson,

1973; Tennyson, Wooer/ & MertiN. 1972). Tennyson. Woolley & MON look three

feeluree Of examples kilo account (the rypIcelity of Me examples. the degree of

shanty between superficial feature of the examples and the similarity of examples

and oamisrakemples) to succeeds* predict 'low the wrong mix of examples leads to

swergeneralizotion, undergenerelhetion and misconception. In addition to the choice

of enemies. researchers have found Viet the order of Me examples is important;

subbsolu learn better when typical examples are presented Wore more exotic ones

(B0 i Anckweon, 19111; Tennyson. &We & &whirs& 1975). A more Moosup mists

of the INerature on examples can be found in Mandl, 3dmolz and Teton (1914)

In addition 10 aiding concept learning. armlike have also been found to facillitie

problem solving. Pepper (IND studied the offal of different computer PrOgrentrniel9

textbooks on students' ability lo do programming problems. He found that students

who reed a care.* written ampler that Included numerous examples rated II more

Ng* than comparable chapters Met did not contain exempts*. More emportantly,

lithe dilltueeen al Ow smiles by helm HS70 see Mae litsb we sem ee resestours one
8000WIL

3a

these students also solved more programming problems correctt, man students who

read the other chapters

Rost (1964) found that superficial slmdarltles between the problem that subjects

are currently working on and examples they previously saw In the Instructional

materials can Influence their choice of procedure. For example. subjects learned a

pair of procedures for using r computer text editor. In the Instructional materials,

one procedure was Illustrated In a task Involving a shopping list The example for

the other procedure Involved a course sating When subjects Subsequently worked on

editing a shopping oat, they tended to use the procedure they had seen associated

with a shopping list, even though either procedure would hive worked equally well

This effect of *rernindkig has potenUeNy adverse consequences In subsequent

eluding. Roes found Met subjects tended to use the procedure they were reminded

of. even II it was kuippropriate for the problem at hand.

3.3.2. How Examples Aid Learning

Hobbs (1979) notes that an example Involves a relationship between Iwo

statements: a rule (or generalizailon) and a specific Instance for which the rule Is

true Hobbs defiles an example as a statement that asserts the same ()ropy ition

as the rule, except that one or more general terms In the rule are replaced by

specific terms describing class members. Drawing the Identity relationship between

She proposition may be an essential pan of recognizing that a state nont Is an

example. In an unpublished study (Charm, 19$3), subjects read sentences and

classMed them as either examples or detain. If the sentences were read in the

context of appropriate generalizations, the examples were classified corroctit /9% of

the time. But read In Isolation, without the context of the generallzallons, the
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our tx wets indistinguishable from the details; only 59% were correctly classified

as ....ampies." keetestingly. N wens that Hoeing an example Is not enough: the

conneollen between the example and the rule must be explicit Ni order for the

*temple Is Mfg learners appy the rule. Piro II and Anderson (19e5) studied subjects

Naming to twee recuries functions Ni the programming longue°, LISP. Seelig

VIIIPles of manes lunclems helped subjects wrIle funclone when the examples

were presented with a rule ea pert of a dimmest' of how to wells such functions.

Out Me same examples Mid no effect on Performance Men presented as part of a

disCialelon of how recursive functions work (Le. tracing ihroupt Me variable bindings

and function calls).

Olean tits reiallonship batmen general rules and instances. there seem to be at

NMI lost ways Ni Mich aramples Mehl help people less concepts or echo

problems. IPIAIIII9 mffimPlell mar

1. Improve memo/ for Me MIMI Natures of the Ms;

2. Cline general Isms Ni the Me by Imitating Nis range and variation of
dem members;

3. Comlnice learners of Me WAIN m Null of the MI

4. Priced* a basis IX Mat* to new problems

Examples may improve 114/00/y for the critical Nat sae In two ways. First. as

sugoeMed above, comptehendIng Ni. example as an exempla may involve rehearsing

the teletionshIpil (Nehmen Me critical elements of the Ms. The specMc terms of the

example are melted ante Ni. general Mime of the Me. To see how this works.

Consider Vie following generakellon and two elaborations Saban Mam Chantey. 1963):

Mew dilletence w pertermseas dise is as ma" cease wee sieseceld Set WO Ike Parcskt at
esoweles MY wee desseed ceneclly. 411.5* '<At. mil Mr tr. Ni. suleeces Met is detect Le
skimetee seelnel lie noes' el as MOS. eke-50. lcei

1
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t 'Lawsuits are now pending which seek to hold handgun manufacturers
and distributors liaole lot the damage caused by their products

2 'The family 01 James Riordan. a Chicago police ..,:ficet killed by a
handgun. Is suing Walther. the West German maker of the gun and
International Armament CotpotatIon, Ha American distributor

3. 'The cases are based on an unconventional and as yet unproven
application of the product Ilablay law, the law made famous by the suns
against the Comae and Pinto automobiles

To recognize that sentence (2) Is an exempts of the generalization In (1). but that

sentence (3) is not. readers might have to realize that (1) and (3) state the same

ProPoeillon, by matching the Riordan family to the initialers of a lawsuit (1., the

agents of a suing action), matching Walther to the manufacturers and the tAC to the

Marlbutors (the objects of the suing action) and matching the death of the officer to

the damage caused by the handaun (Me reason for the suit) Recognizing examples

may Menem vovide rehearsal of the critical relailunships batmen the arguments In

the cute as well as encoding variabliNy. both of which might knprove recall

Furthemote, the extra specificity. concreteness and lemillarity of the two* In the

example may aid recall. since concrete and specific terns are generally recalled

better than abstract terms (e g. Pelvic). Yule & Madigan. 1959).

Even N It mere remember the rule. they may not understand It well enough M

apply N correct. So examples mby be an effective way to clarify and burrito the

Nouns of the rue The research of Tennyson. Woolley and lefrrie (1972) cited above

Is relevant here; without the right selection of exempla, learners may overgsnerallze,

undugeneralize or misconceive the scope of the rule Again, In order for examples

to fulfil Nile function. learners must draw the mammy reiationscJps between the

terms of the example and those of the rule. Tennyson. Steve and Boutwell (1973)

added analyses of the examples to a text teaching subjects to recognize metrical
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forms In poetry. Each example ism dimmed to ohm how it met the critical

aNdbultill of the metrical category. The authors found that subjects who read the

Mid hal *see elaborations performed better on a classification task than sublects

who law the unannotaled examples.

In contrast to the preceding analysis. the work of Roder and Anderson (1980,

111112), (ascribed In Chapter 2, sunsets that elaborations will impair recall of the

genersexmlon and comprehension saxes In foci. Mend, 311notz and Teton (1984)

e rnisollkilly replicated Radar and Anderson's results. They prepared two versions of

an expository text on 'Man and His EtwironmenV which differed only In that one

wank* centalnod examples of the general concepts. like Roder and Anderson, they

found VW recall and completer/Won scores were at least as good (and sometimes

belled Moen the MS contained Nem elaborations On this east examples)."

In Roder and Anderson's mdse. Pellalahat bl Me Mandl et al. experiment

woo oneseured with declarative Mils In which subjects had to recall or make simple

Infarenem about the main conespc. 14 not *PP* Mem to cone problems. We can

bring Mme results Into ens with the clasellicalion and probierssoliing research eked

above (wAwe Gamin did Improve Modernistic') I we assume that In both

ciseelicadon and problem ooMng talks. examples helped people apply the rules. in

efts ciam of clasellicetion, the loonier may use a rule to lest whether a putative

It Strollany, C.Asours (lea laud no ellitteaco le saute Way to reemerober Ike eeneressolons
whether the euerellseet; .4 Ines eleloorewel web eueulet 0 atolls or *Med hi Whom meow
e lebotellon.
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mental of a class meets the necessary and sufficient conditions for membership '2

In the case of problem solving, such as learning to write correct computer

commands. learners use the rules to generate computer code that meets constraints

specified In the rules So the value of examples for helping humus remember or

understand rules (at Nast to the extent of being able to answer comprehension

questions) le 111, an open question

Amain' to be seen whether examples Increase learners' aptitude for

(Stowing advice. TM final two features of examples listed above may be relevant to

this question. First, examples may have an knportant role for establishing the truth

or the Witty of a rule (Perelman & OlbrechtsTyteca. 1989. Schoenfeld. 1979. Mandl,

Schnou & Tmgan. 1984; Gilson & Abelson, 1998). Seeing a variety of examples

may convince loasrows that a rule is truly general. Seeing relatively easy examples

may convince learners that a rule Is easy to apply This affective function of

examples may be particularly m,ortant when the rule Is a heuristic or a Mice of

advice that learners are not obliged to follow. 'Seeing cases where using a heuristic

greatly faceltaiss problem solving may convince learners to use It themselves

Finally, research In site acquisition suggests Ma. people who are learning math et

computer programming rely heavily on examples of correctly solved problems as

models for solving now problems Pirelli and Anderson (1985) observed subjects

Warning the programming language LISP ThinIdngloud protocols revealed that the

subjects drew detailed analo*as between ohs problem they were working on and

u many ereitok 111411141 OCOS On pule*, In5* by 0.1.119 0114194.. bowfin end
Mee* members and rtoomentbers leg. H112M4M1. 1101. or a eanstaNzed prototype Pt p. Roach. 1177)
In this case. the *sample Is serene as 6 atodat tweet men as in surillety set lot oenembsong er
undineandlne Ms terms al the nut See the olscussloa at aramptss as lo001111 eerow
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wonted-out examples they had seen In Me Mani a tonal text. The example served as

a modd or lonoMma fcv Me soluNon. Reliance on examples as models has also been

documer4m1 In other problem domains. such as Naming to ides analogies (Lotus

and Odom 1110).

tEE Conceptual Examples and Task Examples

N Isn't dear which of the four ammo of mundes desonbed above are most

Importsni for dm looming. The mum* work takes steps toward dblInguledng the

Inslandadon function of examples from Me 'ruder function. For Mkt purpose, I se

choraderkte examples Mal Inslanilme general concepts as concept oulnogis and

worked-ma problems, such as Mose found In a wash or progranwrang textbook, as

sal mrmsPros These two types of examples are *near to slut Mandt Relined and

Town (1N4) cab 'Mumma* axemples and applIcallon examples,' reepecttrely.

bolts INN of examples prod*, spode° kslantladons of the genital terms of a rule.

but Ms noes dffor In who other kinds of Idomwslon ahoy prattle.

To rearm the Iwo kinds of examples, smolder Ms following three sentences.

The Met le a sty 15110 rule. Mud on Mlle ens ONO. The second le a concept

example of Me rule, and ths ihkd le a task *amp le:

1. little. Nem a sionMellsallon hide an empty verb, change the
nonanalzmion to a verb NMI repines Me empty verb.

2. Concept Enestple. for sum" namlnalluslons such as invosagarion,
inquiry or gnomes obsn follow amply verbs such as make or contact
UN So verbs rsyssNark Squib Or respond Indeed.

3. Task Example. For sum" Change Ms sentence 'The Poke
conducted an extremely thorough Inuellgallon Into Me Incident' to 'The
poke Invistlgaled Its Incident =new* Otorouohy.'

The concept example InslanNise the general terms ompy verb' and
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'nominsfizalion.- but doesn't provide a context In which they might occur The task

example Instantiates the admiral terms within a specific context The context

itlustrates something about the situations in which the rule should apply the

nominalization need not follow the empty verb directly. It also illustrates something

about flow to carry through the solution: changing a noun to °arb can necessitate

changes to other parts of the Sentence

fl instantiation is the maim contribution of an example, then concept examples

and teak examples should aid performance to the same degree. But if It is

Important to WO the example as a mode/. then using a task example should

Improve performance more than suing a concept example. Task examples may also

help people remember a rule when they are working on a task. because seeing the

task may remind them of the example (Ross. 19114). Finally, the task example may

be beta for demonstrating the utility of the advice, by showing rather than lust

asserting that following the rule leads to a desirable outcome.

3.4. A Preview of the Experiment

The purpose of the experiment is le discover whether or not elaborating on

selection information Improves learners' performance. and II so. what sort of

elaboration Is Most effective. At the end of Chapter 2. three features were

described that may control whether elaborations have a chance to Improve

performance. the tasks must be ones for which the Information is relevant, the

elaborations mutt be the right kind and the Information must be a type that benefits

from elaboration Of these three features, only the nature of the tasks and the

nature Of the elaborations can be varied experimentally 11 we can find a teak in

witch some type of selection elaborations improve pelormance. then obviously

selection information is a type that can benefit from elaboration.
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The e:qurlment to be reported here antes condklons UMW which selection

lawman should be highly sebum to good task performance. A set of problems

wee oonstructed which oovkl be eared WM whom combinstions of meatus.

Subjects were Instructed to end Its most efficient combinalion of procedures to sohve

earth one. Same subjects moslud adios on when a particular procedure was most

efficient and some did not. If such selection informalion is indeed relevant to the

Isola, then subjects who see sal** should pesiorm boner than thou who see no

advice.

In an &hereto' to increase the liwilhood that sub** Wilow the advice, tame

problems were designed to be more difficult twn the "taws; The tubule for this

menipuishon M as r.'' sus. Since white in ow definable is decretionvi, subjects

may decide not to foam it they may try to find Its most efficient solution some

clef way, such u counting Ilse number of slope in so* *nob* solution and

compering them until May have fowl Its wool efficient one. If so, then we may find

no effect of advice or sieborallone *may because subjects prefer to use their own

meshed or because either method slows subjects to find the right answer equally

seek. To anticipate his poselbilliy, heft of Me problems were designed to be more

difficult; these problems have a gratify number of possible solulions, each with a

greater number of slept Bub** may then be unable 10 menu* compute a

solulton by counting and comparing steps. So while subjects might be consent to

°uvula solullons for the may problems, they may have to Isle back on the advice

for Ow herd ones.

Of this analysis is correct, Wen lee ei4dence that &dyke bowtehly from elaborations

may appear only for he hard leaks. That le, subjects might not follow Ins advice on

Hey tasks, so Were would be no diflerence ik performance for subjects who have
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seen some form of advice and Mose who haven't However. on hard tasks subjects

should be much more likely to benefit from the advice And If elaborations are

needed In aide: for subjects to take full advantage of the advice. than sublects who

see advice elaborated with examples should perform much better than either subjects

who see unelaborated advice or subjects who see no advice. II seeing examples

makes no difference to performance even on herd talks, then we may have found

in01001 situation In which selection Information fails to benefit from elaborations

The nature of the elaborations will be manipulated In this experiment by providing

either concept examples or task examples to Illustrate the advice For the reasons

described in the previous section. examples have been found to be very OffeCtiVa

aids for learning to. apply rules. %ICI advice Is s type Of rule. we would expect

examples to be the best kind of elaboration However, It is not certain what kind of

example would be most 'Huth, The section on ',vamp'," above presented some

arguments for why task examples might be more effective than concept examples

An additional factor of ' diret Is how tenaciously subjects adhere to advice

Ideally, we want students to follow advice judiciously, to use It as a recommendation

rather than as a commandment In this experiment, we will be able to gauge how

often and how eagerly subjects follow the advice In two ways First. we will see

whether subjects follow the advice on easy tasks (when they might be able lo

compute the solution independently), as well as hard tasks The experiment also

employs a more direct measure of how often subiects follow the advice Thu

measure miles on the fact that advice Is a heuristic rule rather then. an algorithmic

rule. This means that advice Is not guaranteed to lead to the desired outcome To

reflect this possibility, Sane tubbiests were designed for which following the advice

would lead to an Incorrect solution to the problem If subjects follow the advice
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doe*. they answer Incorrectly on these probtsme. That Is. subjects may follow

the &Wee wan when N ls&t them astray.
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Chapter 4

METHOD

4.1. OwlInfiffw of the BOYWorld Gan*

The experiment involved a game called 'llottWorld,* In which simple geometric

obleTle were dlePfenid on a Dendylion con. NW. Each play of the gems presented a

3194Yon (a configuration of boxes and objects on the screen) and a goal for what

objects paniOular boxes shooed contain (see Figure 44)." The goal could be

achieved with a combination of commands for mov.`11 objects from one box to

anoint or changing an oblect's shape. In one task the EMciency task the object

of the game was lc inure out the most efficient combination of moves and changes

for adds"; goal. Subjects performed this wort, mentally; they didn't actually

New the commands to the compiler. When subfects believed they had *Myer, at

the most efficient solution. they signalled the computer by pressing a key. The

computer ii.on prop .ed an action (see Floss 4-2) for achieving pan of the goal and

subfects Imo to decide whether or not this action was pan of the most efficient way

to achieve the goal. They signalled their decision by pressing either a key labelled

*yes' or one ichalkad 'no.'

The most effm.lent solution path to a goal le determined by the total number of

"Ilocause era roprodueP000 a era Oondylloo saw asp* wore of poor orally. ma figutot
Opplellne She IlosWorid ;woo wore gingered on an APPio 1/410110101
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kWh .dual Change and Move commands required In order to Ilnd the most Jfilcient

solution path, subjects had to take Into account some restrictions on shape changes

and movements. One set of restrICtiOns affected how many commands would be

required to change an object to another shape. In particular. the five kinds of Box-

Works objects (triangle. diamond, pentagon. hexagon and heptagon) were ranked

according to how many sides dm have (1 e., three, lour, five. six and seven Wes.

respectively). A single CHANGE command can things an object only one degree up

or down In rank. So, for example. a diamond can be changed to either a triangle or

a pentagon with a single command. However, a sequence of two commands would

be required to change it to a hexagon, or three commands to change it to a

heptagon. Similarly, the movement of an object from a given box was restricted to

a box nested directly above or below the current box Su a sequence of MOVE

commando would be required to move an a: to a more distant box. These

111114(1CUOIll are explained more fully in the Box-World manual, pro4ded in Appendix A

4.2. DosIgn

The experiment Included two tasks using the Box -World game wet employed

Somewhat different designs, an Efficiency task and an Advice Recognition task the

Efficiency task requlfed subjects to find the most efficient r oluulon to a ",oblem

The Advice Recognition task required them to deckle whether or not a proposed

action was consishait with the advice
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4 2.1. Efficiency Task

The Efficiency task required subjects to Skid the most ethclent solution to a

problem. This task employed a add inbred factorial design. The first factor.

kwirocaor.. was a between-skim:la factor that manipuistsd the avelloblilly and lam

of ethics in its insouctional mtheilais Net subjects studied. Four versions of his

materiels were wobble: No Adak* flub Now, Rub plus Concept EriemPN ant Rob

Plus Task East" Subject wars tendon* cosigned to study one of these versions.

with th-- ,nnsireint that Me four groups contain an equal number of mitten**.

The second lector. Appropriateness, was a wiennsubjects lector that manipulated

the types of obis in Me llonWald gems. Thrstheimmrs of the trials were

Appropriate and one:menet wan inaopsopsfaa On Ampropristo trials, following a

straw/ consistent with the ethic* in le mental led to the most ethdmil solution

fend so the -correct answer). Cii Insppropriste Vieth this strategy led to an Incorrect

. report. The womb of Mkt %Ma vies to measure how apt subjects were to

follow the "Meth Me closer any followed his ethics. the more MeV It was that they

would respond comely on Approprime Obis and Incorrectly on inappropriate trials.

The third factor. Othicully. was also withiniubteMs. For both levels of

appropdaMness, hell the Mats were designed to be Easy and had were Dam*

Offictully was determined by two fcsters.: tits number of plausible imitation pints for

achlming Me gaol and Me somber of steps in the moot efficient solution path.

The parameter of intereM vine the subject's decision alx1 whether an salon

Prothood by me computer was part of the most efficient solution pink So the

dependent measures von his accuracy of these decisions and how long tubjects

look to respond.
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4 2 2 Advice Recognition Task

The Advice Recognition task required subjects to decide whether or not a

proposed action was consistent with the advice (regardless of whether It was part of

the most efficient' solution). This task empioyoti a Iota mixed factorial design The

first factor was again the tietwesniroupe factor Instruction. instruction had trues

levels for this task, namely um throe version of the manual that contained some

form of advice (Rule Alone, Rule plus Caw oximpla and Rut* plus Task Example)

Subjects were assigned to an Instruction condition before completing the Efficiency

task and kept the same assignment for the Advice recognition task 14

The second factor, AdviceResponse Match, was a withinsubjects factor of trial

characteristics. There were lour trial categories: usass. UsaNo. Don't UseYes Don't

UseNo. Tike WWII categorized as Use Of Don't Use according to whether the

advised strategy would dictate using a particular command for that situation or

ovolding that command. Trials wore categorized as Yes or No according to whether

the proposed solution was consistent with the advice or not. OVIRAN, theta were the

suns number of Use trials as Don't Use, and the tame number of Yes's as No's.

This factor Is described more fully In the Materials Section, and examples of the

trials are I .,riled In Appendix

Th6 third factor was Difficulty, as In the Efficiency task, half the trials were Easy

and hall were Difficult

The dependent measures were accuracy of response and reaction times

146u0lect$ In the No &Once group also perlottned the Advice Recognition last. in order that au
eyelids would ha healed equivalent's These subjects received soeciel InlefuCtIOnS 10. the lase thal
Peeented a Rom of the ethic. However. the data from the No Advice group wits not Included In Me
analyeee tot Me lase
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4.3. Materials

4.3.1. Insinicaonel Materiel for lloseWedd

Thu karma lanai materiels consisted of a -papa manual for the BoxWorld

program (reproduced in Appendix 4 The manual Melly Introduced the BoxVfodd

domain and Mien described Me Move. Change and Was commands. This basic

manual represensed site No kW* Nana lonal concision. Three cater versions of

the mama were Diapered that dieted only by the addllke of some form of advice

for how lo use Me Change or Move commands ellkieraly. One manual tansply slated

Me ahem ass general Stile; the oMer two manuals added different kinds of

examples so laminae she &Mae. The arse forms of WAND were:

ail Ong: Ice sussed as a general rule yahoos any elaboration.

Etta My gm*, gunigig: ANN* elated as a rule wish a verbal
exempt giving apnea Instaraleslons of Me terms In Me rule.

NI glue !.i gangs ArlAcri Mead as a rule with an annotated
plciorMi example of a task allussion showing MN following Me advice
Seeds to Me most eleckint sokNon.

figure 4-3 Noes Nese his forms of Niece for using Me Change command.

To walla die manuals for Me three states candle/int a sheet containing the

WWI* form of advice was insersed Met Me dssalpilon ol the Change commas.'

in Me book menus!.

The Neve Isemospk. The advice told subfects under what conditions to use a

particular procedure and alien lo avoid using It. Since Me manual described two

mayor procedures (boo Change command and the Move commend), it was impotent

to may which procedure Me ethics concemed, while loading commit as many of the

task Name as possible. Accordingly, a second set of Waco wee prepared that

concerned site Move command. shown in Figure 4.4.
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FIGURE 4.3

Three forms of Advice for the Change Command

a. RULE ALONE

CHANGE is usually the most efficient command to use wnenever you can make an Cbiect

.quo the shape you want by issuing lust one command otherwise avoid using CHANGE

b. RULE PLUS CONCEPT EXAMPLE

CHANGE is usually i.e most efficient command to use whenever yOti can mane an Object
into IN snap' you want oy issuing gust one comma:id otherwise avow using CHANGE

EXAMPLE Use CHANGE when you have a diamond and need a triangle or a pentagon
you can get to either of these shapes with TM one command Look for anouner aa. 10
SONO the problem if you nave a diamond but need a hexagon or a heptagon

C. RULE PLUS TASK EXAMPLE

CHANGE is usually. the most efficient command to use wnenever you can make an Object
into the shape you want by issuing lust one command otherwise avoio using CHANGE

EXAMPLE Consider the following SoxWorld situation Suppose you want BOX A to contain

two triangles Changing OIAMONO2 into a triangle takes only one command and is more
efficient than changing PENTAGON2 into a triangle t2 enangest or moving TRIANG,E3 in
BOXB to BOX A i2 moves'

TDP

Box -A



FIGURE 4.4

Three forms of Advice for CIO Move Command

a. RULE ALONE

MOVE is usually the mt efficient command to use wnenevor ou can put me Object into

the Sox you want by issuing lust one command. otherwise avoid t.iing MOVE

b. RULE PLUS CONCEPT EXAMPLE

MOVE is usually the most efficient command to use wmnever you can out ins Object Into

the Sox you want by issuing lust cm command: omenvise avoid using MOVE

EXAMPLE Use MOVE when you have a diamond in 80XA and need a oiamond in either

soe IwhiCh is inside SOXAi or in TOP fetich contains BOX.A). yOu can get to either of

these boxes with lust one command Look for another way to sow* the problem if you
need a diamond in any other Sox

c. RULE PLUS TASK EXAMPLE

MOVE is usually the most @Klemm command to use *haglike( you can put the Object into

the Sox you went by issuing lust one command. °Minima old usiing MOVE

EXAMPLE. Consider Me following SoxWorld Situation Suppose you want qoxit to contain

two triangles Moving TRtANGLE2 from eoxe to SOXA take only one command and .-
more effictenf than moving TRIANGLE3 from -1K-C to 6OXA 12 moveli or changing

PENTAGON2 into a triangle t2 changes)
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In order to balance the location of the advice. Ms rcler of topics in the manuals

was controlled. when the manual contained ethice about the Change command the

discussion of the Change command followed that of the Mow command When the

advice concerned the Move command. the discus* n of the Move command followed

ttal tif the Change commend Separate versions of the No Advice +torsion of the

manual, representing each topic order. were also prepared

4.3.2. Trials for the SoxWorld Game

A pool el 64 BoxWorld problems was prepared, each consisting of a situation. a

goal and a proposed action that was coded for a correct response leafier Yes Or

No). The construction of the trials Involite: four factors. AOProPtlateness. Oilliculty.

Use and Response (toe below). The tour factors wore completely crossed. yielding a

4x2x2x2 distal: (the Mat factor represents the distribution of three Appropriate foals

for every Inappropriate trial) Consequently. 32 trials were needed for one complete

replication and the 64.1tom pool represented two complete replications

This pool of Items was used for both the Efficiency task and the frOvice

Recognition task. A fixed set of 32 problems was used in the Advice Recognition

task. The problems were cholen randomly from the pool of 64 Problems. with the

constralM that the sot Of problems for each task should represent one complete

replication of the experimental Melon. The only modification needid for using the

problems in the Advice Recognition task was an adfusiment in the coding of the

correct response.

Each BoxWorld Situation presented four to tan objects arranged inside any of

two to six boxes The Goal specified for one or more of the boxes what objects (if

any) they should contain, The Action statement described an action performed on
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lea one of Me nbtects, alter changing Na ships or moving It to another box. (See

resume 4-1 and 4.2.) The specilled change or movement :In the Action was not

alma oonsiMent wish the lance. That Is, Me Action statement might propose

changing diamond to heptagon or moving an object to a distant box. The

Action was always pan of a pleuelble solullon to Me problem and was unique to one

saran peek

Appropriateness Pau** soludons were °mauled for each Slientionoal

comanakin. 11 Mete was no one soluan Met had fewer Mope Man the others.

then Me problem was disarded. 11 Me moat efficient *Salon required Nolatkeg the

adetc (e.g., 4 called for changing a demand le heptagon), Mon the probate was

claseilled as inappropria e. M as beet edam did not *ha the advice. then the

problem wee chanklerized as Appropriate. Threebun* el the Vials k: the final

pool of problime were Appropriate and onelourth were imipproprlefe.

Caw* Delecity was detonated by two Won: Me number of pletable

sail* peas for acarAng Me goal and Me. number w seeps in a most efficient

solution path. These was an average of 3.7 ameba pate per problem for lay

problems and 4.4 paths * herd problems. The most Mame path for easy

problems averaged 3.6 slept lot hard problems, Me avenge was 4.4 steps.

Use x7 Use. The Use factor veiled whether Me salad strategy would dictate

using macular command to achieve a goal or fooling for err. Nano* to using

Ilia animend. The saloc recommended using Me Change commend under certain

circumstances, namely whenever an also Goal be changed kilo Ni desk* shape

by issuing Oat one command. This Is Na pane form of the ethics, telling the

.sublea to use Me diem* commend when Na situation me* canals conditions. The
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advice also hes a negative aspect It says to avoid using the Change command in an

other ckcumstances but it doesn I say what to do Instead Nail 01 me trials in Inc

pool satisfied the conditions In the advice. that IS. there was an object mat could be

changed with one command to a shape specified In the goal For the other trials

Mere was no object that met these conditions.

Response The Responseilactor Insured that there were an equal number of trials

In which the correct response was Yes and the cornea response was No

The trials In the Advice Recognition task were classified into four categories

Wording to the Use/Don't Use dimension and the YesfNo dimension ilso-Yos, Use-

No, Don't Use-Ys, Don't UsoNo The most straightlonvard application of the adults

Is expected to come In either the Use Yes or the Don't UseNo categories in the

UseYea trials. the advice dictates using the Change command and the action

statement proposes the relevan. change, so the correct response is Yes In the

Don't Use No trials. the advice recommends egeist using the change, command (tor

Instance, when theta are no objects available that can be changed with just one

ammand Into the desired shape). The action statement proposes a change that

violate* the advice. so the correct response is No.

Samples of Mato In the dienent condi, Ins ere found In Appendix B Note that

subjects saw the trials in the format used in Figures 4.1 and 4.2 For ease of

reference, the samptas in the appendix list the goal and action and are annotated.

with the correct responses for both the Efficiency task and the Advice Recognition

task and explanations of how the Vial naafis, the requirements of the conditions



4.3.3. The Move lsomcrph

11 was Imponiatt to Lid u molly task features irnstant u oosaibie when the

advice coneemeft the Move commend. However. following the Move advice to solve

a problem would not lead to the same solution es following the Gloms advice.

Therefore. Isomorphe of sect of Me 64 problems were created Mum wit be referred

to as Move isomorphq. The Move leornimphe were crested ay systematically

transforming the situation. goal and "Mon of each problem w that the solution paths

and the number of hue per path irked be preserved and so that following the

vs *Nu would teed to a solution that was formally identical to that in the

corrAponceng Chugs Nornmpft.

r-roseng Me Move isomorphs Involved a kaneMlbn betimen distance of movement

and degree of shape dung,. Every step in do solution path of a problem that

Wok.. Change command was trenMeted Into a skip Woking a Move c.. .re.nd.

and Ma versa. For amp* suppose that one method of *eking a problem *auto

WU. changing a die:mind Into a hexagon. 0Mm Mt constraints on the Change

commend described above. MO method would invoke two steps (or two Change

commends). In he Mow isomorph of this prttem. changing the shape twits

*malaise Into moving the diamond to the desired location from Iwo boxes away.

The method Oh imams two steps. this time two Move commands. The mow

isornorphe of the examples from Appendix B we found in Appendix C.

Because 1160 translation preserved all of the relevant charecierftulcs of the

problems. the set of 64 dove leomorphe fulfilled all the requirements of the

experimental desigl. In addition. the sampling of problems chosen for the Efficiency

task and AMU, Recognition tasks was mowed. That ie. Me subjects who studied
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the Move advice worked on the Move lsomorphs of the 32 problems chosen for the

Advice Recognition task. while subjects who studied the Change advice worked on

the Change isomorphs of these problems. r4fferences due to whether subjects

studied ziivIce about the Move command or the Change mmmand wile 1.* referred to

henceforth as Ow ISOmOrpli lector.

4.4. Appark set

The experiment was conducted on Xerox MS Candyfloss or Dandy if computers

with 17-inch. bilmappod. htjh resolution .11splays (t024 x 808 pixels). Software was

developed to record and timeatamp the subjects' responses.

4.5. StAliects

The subjects were t 13 students and staff members at CarnegleMuon University

and the Unlvonhy of Pittsburgh. AM subjects were native speakers of English. or

fluent enough to completely understand the manual. Subjects tersi,ved a basic

compensation of either money (13.50) or clue participation credit In addition. all

subjects wore paid a bonus of live cents for each correct response they made above

chance; the highest possible bonus was $1.63

4.6. Procedure

One to five subjects were run concurrently at Odivlausi Dandyilon workstations In

the first phase of the axperiment subjects; were randomly assigned to either the

Chang or Move Isomorph and to taw of the four Instruction condithin. They were

given their assigned versie of the manual and a Mod period of five minutes In

which to re d ft. Subjects wr o told to review the information if they finished

reading before the five minutes were up. since the manual would not be available to
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them view they worked on the tasks. After the study phase. subjects wets asked to

do the efficiency task. a Recall task and the Advice Recognition task. Subjects

performed the tasks in this order so that penormence on one task would not

conleminMe the results of suboquent tasks.

An keel group of ea subjects (composed primarily of GNU students) di not do

the Advice Recognition task: they performed the Efficiency task on all 64 ptoblems.

A second grasp of 45 labials (pitmer* Pet students) did 32 trials with the

Efficiency task oetnolltsts aid 32 Oriels with the AO Ace Recognition instructions.

011ferencee between these two grape of subject* will be referred to hencstortn

the Replicadon factor: the arm group will be Wetted to as the EM-Only group and

the second as the MA* group.

4.11.1. Efficiency Task

The snot thetructkve for this task are presented in Figure 44.

For each trial. subjects were presentee with a situation and a goal (Figure 4).

Subjects were .netructed to study the situation lot as long as they eked to figure out

the most uldent combination of moves and *hope changes to achieve the goal.

When Nerf w.f. randy, May pressed the space bar. The goal stak.nent disappeared

and was replaced by the say! ',element (figure 4.2). Subjects decided *teller or

not the action was pan of the moot efficient solution. They signalled their response

by pressing either a key labelled 'yes' or a key 11.wiled no.' The computer than

gave a feedback message a r3 the subject whether the response was cormi or

not. it the response was r ,ect. the score In the lower right and corner of the

screen was increased by one. Them were live practice trials, during which subjects

were allowed to ask questions abort the poicedure.

1

FIGURE 4.5

instructions for the EfficleN4 Task

Now you we play a game using BoxWorld. in each play of the game. you will see some
80-as and Objects on the screen and a goal lot whet objects you want certain boxes to

contain. The computer wilt propose an action that may or may not be pert of the most
efficient way to get to the goal. (The proposed action will never be enough to pet to the
goal at by itself. but It may be one of the things you would want to do) The object of the
game le to decide whether the proposed action pan of the ma' efficient strategy lc:
reaching the goal. that is the strategy using the stoniest combination of the BoxWorld
offininenes you filed about if you think the proposed action is pan of the most efficient
strategy, press the key labelled 'Yes.' II you think Ire n01. press "No.' Each time you

are correct. you score a point. Each time you are along. the computer scores a point As

your eon ue. we will give you a nickel for every point you score, but subtract a nickel from

the bonus for every point the computer scorn.

There are two important things ho know about the actions that the computer MN prone's.
(1) This scion will describe either the anal position or the final shape of one of the objects
Carrying out this action may take one or more separate commands. The mom officiary
solution le based on the smallest number of separate commands it would take to reach the
goal. (2) The proposed action may be to change the shape of an Object. To reach the
goal, you might have to mow the Object too. Similarly. you might have to change the
Nape of an object that the computer proposes to mow. As long as you think this

sequence is pan of the most efficient solution to the problem, say 'Yes.' it it's not. say

Here is the procedure for each Play:

(1) Press the space bar. The computer will display a elusion and a goal (printed on the
bottom pain o the screen).

(2) Press the space her again when you are ready to see the proposed action The goal
etStenteM wit ftpew and will be replaced by the proposed action.

(3) Keep your Index lingers resting on the YES and NO keys. Press the key labelled YES
II you think that thp proposed acath ts pail M the mat efficient way to get to the goat
Press the key Waled NO II that action Is not part of the most efficient 'mica

(4) The computer will tell you whither or not your decision was right and update the servo

(6) To start the ne... kg. press the space bar.

We want you to play ail quickly as possiole and still get a high score. In ;imam to let you
get used to the procedure, there will be five pricks plays first You will be able to lake a
Weak hall-way through the game.
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For each trial, the computer recorded the 'sponse. whether It wet cocrec or

incorrect and two response time Interval:

Encoding and planning Mama ohs llme that els7ded between the Initial
preeersation of the situation and when the subject pressed the space bar.

Dacision inbrvat the time behveen the prossntation of the action
slaloming and when the subject signalled a decision.

The computer generated a different random presentation order for each subject.

4.6.2. Recoil Task

Subjects were asked to wee short answers to 14 questions. The exact

gumbos, are 'swotted in f igure 44. The number of cueetiona that subjects

answered depended on which version of the manual they had stddisd. Subjects who

had seen examples In their manuals (Le.. the Rua plus Concept Exempla and the

Rule OM Tesit Example conditions) answered Question 1. which asked them to recall

true example. Subjects who hod seen any form of advice (Ls.. the Iwo example

conditions and the Rule None condition) answered Question 2, which asked Vann to

recall the *Nee. Al suSW:te answered Ousegon 3. which asked sublects to

retrospect on the Strategy Loy had used to eaw the problems.

. 4.6.3. Addce Recognition Task

The exact Instructions for this Mk its 'smelled in Figure 4.7

In this task, subjects were first reminded of the advice they had seen in the

manual. They were exon Ohs page of Ohs menial with the advice they had studied,

Including examples in the appropriaW conditions. Then the tublects performed a

series of 32 recognition trials. In each test subjects were preserged with a situation

and goal (Fiore 4.1). Subjects studied the situation for as long as they liked.
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When they pressed me space bar. the goal disappeared and was replaced by the

propelled action (Figure 4.2) Subjects deckled whether or not the action was

COndstern with the advice and signalled their response by pressing either a key

labelled 'yes' or a key labelled *no.' The computer than gave a feedback

tossup wiling the subject whether the response was co-act or not 11 the

response was correct. the score In the lower righthand comer of the screen was

increased by ono. There wets five practice trials, during which sublects wars

allowed U. ask questions about the procedure.

As for the Efficiency Task, the computer recorded the response for each trial,

vAteiher It was correct or Incorrect. and the two response time Intervals The

computer generated a random order for presenting the trials for each subject
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FIGURE 4-6

Questions In the Cued-Recall Task

t. The mem* kw 11011AVald this you reed at the begOnning M Mw allPeriment
altered emus adios and an example" about when to ues MM commends. Write

doom whet you remember al the example.

2. The SoitAtiodd manual Misted some ethics about when to use the commend,.
Write data whet you rentanann al Ste attefts.

3..0seoribe Me Mrimegy you used is soh* the problems.
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FIGURE 4-7

Instructions for the Advice Recognition Task

This anal part of the experiment Invokes another game. In this part of the experiment. we

ate not linntnelnd In whether the proposed action is part of the most of way to get to

the goal. Instead. we want you to decide whether or not Ms proposed action knows Me

&Mice you read in the manual about when to On the commands In order to remind

ytkallell 01 the 610.4ce. you may now review that pegs of she manual (attached).

The procedure for playing ale game is Moller to the proton game. except Mel instead of

Ming to and the most Omens steak.. you are simply deckling whether the proposed

action knows Ms ethics or not. In °Om words, does YN proposed action accomplish part

oh Me goof in a way Mat is coniNsient with Me a0Ace7 Press the key labelled 'Yes'

Yeu MmkMt the prepaid action Is Consistent with the adAcs. even it it Is not pan of the

most elitcNlM solution. Press 'No' M you think the action is not consistent with the =ince

Each lime you are correct, you score a point. Each lime you are wrong, the computer

scores a point. As your Soma. we MN atm you a MOM 101 every polo' you score. but

IlubtraM II nickel from the Sous for every point the compost scores.

Nero Is the procedure um each oar

(I) Press the specs bar. The computer will display a Muation and a goal (printed on the

bottom pan of to mesa

(2) Press the space her again when you are ready to see the proposed action The goal

ste:Tment wag Offew and MN be replaced by the proposed action.

(3) Keep rout max Angers resting an the YES and NO keys. Press the key labelled YES

you Mk* the the proposed action is consistent with the *Mice. Press the key labelled
NOM that action is not consistent with its **Ace.

(4) The computer Mil tell you whether or not your decision was right and update the score

(6) To sten the next play, pees Mt space bar.

Again. we warn you to play as quickly as possible and still get a high score
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Chapter 5

RESULTS AND DISCUSSION, PART 1: .

HE EFFICIENCY TASK

5.1. °Windily/

The camel Ink In Its experiment Is the Efficiency task. The results from this

task speak to the following four key questions:

1. Old subjects Neow the advice when diddling for Me most efficient
Melon to a problem?

2. WE the advice lw.;:turt That is, um subjects who followed the advice
able 10 Identify the most efficient solution more c insistently or more
guicley than subjects who didn't see any advice

3. 24 the difficulty of the task dims the autject's reliance on the advice?
Further. did the difficulty of the task interact with the need for

elaboration? That is. were elaborations of the adder more effective when
the tuks were more difficult?

4. What form of advice was most effective? Old the advice need to be
elaborated with examples. and if so. what son of example was most
eNective7

VMS. ,w$60011 are of wintery Importance since they address the ways In wfth

adAce and dai,ortions might Influence a person's selection strategies during actual

"Mem toldna. The oiler Iwo tasks, the Recall and Advice Recognition tasks.

Owed to delve more deeply into what the subjects teamed from reading the

Mere it forms of advice. Recalling the advice and recognizing actions that are

construe with it seem to be reasonable prerequisites lo tonewIng the advice So
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these tasks were inle0000 to check 111/1 subjects learned enough to meet Melo

prerequisites and to toyed any differences between the forms of advice

The results and discuselon will be presented In two chapters This chaplet

focuses on the Efficiency task and treats each of the four key questions above in

turn. The next chaplet presents the results from the Recall task and the ACMC

Recognition task, as we& as some results that limit the generality of the findings

5.1.1. A Note on the Number of Subjects per Task

The data reflect the scores of a total of 113 subjects. but Mese subjects did not

all perform all three tasks:

As described above, N subjecte (Me Elf Only group) performed 64 Male
of to Efficiency task without doing the Advice Recognidon task at all.

or 1$ subjects In the BM* group. only Me Efficiency task data Is
available; allhugh *toy utionned both tasks, their Advice Task data were
thrown out after a programing error was discovered (they recolved
Murree' leedback on appmicknately 20% of their Maio). The Efficiency
Task data for these subjects Was retained. and 17 additional subjects
were am on both tasks as replacements.

Whig 12 subjects In the No Advice group did perform the Addeo
SennielltiOn task (see the Procedure section). Mak data was not included
in Its analysis

Madly. due subjects inadvertently balled to complete the mese tea

Appendix 0 shows the total numbor of subjects who completed each task as a

lunaton of instructional group and problem Unica* (Change or Move) The

parenthesized entry for each task le the nu nbet of subjects In the Elf -Only replication

Waft
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6.2. The Utilization and Utility of the Advice: do Efficiency Task

The EMIcioncy Nek amerced Me roan. r *Orb briers Mowed a strategy

cansiteara whit the WM* In writ So find the most efficient solution to a problem.

Sub Mrs were asked to Odds whether a propelled action 'wee part of the most

seldom soluikm. Their performance was asseMed Ni terms of the accuracy and

speed of Mem decisions. Fa- each of the Ellicisevoy task measures. a Matta

anabsie of variance (ANOVA) was performed over the Instruction, Appropriateness.

Oillou Ny and Nap Malkin Wars. The Champ and roue Nomorphs were analyzed

soperalgy and MO be discusesd separately because the oaf Mane pointed in guile

dillerrit palleme of. Whorls. The folkwAng discussion pinatas alai to resuNs from

Me Change NomorPh-

TON 5.1 shows whet persentrle if the sublew dosisisss wan correct as a

function of its insItuctlan. Apatoptisionass and Dellatey variables. The data ere

presented separately for its Easy Oriels (Mss lop of Me table) and Hrd Mats (the

Mom). The table indlasese *11 subfeele went sonellka overall a Mennen In the

typo* at kW. Subfeata went tip vilawaly MX* accurate on Apennines. Mrs than

on inappror:Mi Vials; on the swap. ribNcts decisions were mrrect on 78% of

its Appropriate Male but only on 57% of its inappropotate Weis. p1.40).17.4,

p.c.01. &biers woe also siOnricank mare accurate on Easy blab (77% correct).

Men on Hard trials MI% coma), F(1.40)17.4. pc.01.

There was no magi OKI of htsinsalon, supper Mg that none of the Inetructional

manuals led augers to perform much bettor or much wow overall than any of the

others. TM lack of an eller of instruction N wising, since N WOW that no form

of adAce Influenced Imitator sionIfirenIN oomsred to Me control group, the sublects

i

1

TOL& 5-

EFFICIENCY TASK;

Percent Correct Decisions as a Function of
Instruction, Appropciatenesn and Difficulty

Change Isomorils

INSTRUCTION

No
Advice

Rule
Alone

Concept

Pxanple

Task
Exasple

EASY TRIALS
MARG.

Appropriate .87 .83 .b0 .80 .83

Inappropriate .74 .63 .59 .86 .71

MARC. .01 .73 .70 .83

YARD TRIALS

Appropriate .73 .79 ,73 .68 .73

Inappropriate .65 .58 .58 .70 .63

NAM .69 .69 .66 .69

i
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who saw no advice. The more detailed analyses Wow will attempt to son out just

where advice had an effect and where it didn't.

5.3. Old Started. Follow the Advice? .

The signal for whether or not sublects *allowed Me advice was the

Approprietenees effect blowing sh- *dyke should have misled subfuse Into making

Incorrect decisimis In the Mappropriste Niels. The effect of Appropriateness reported

shove suggests Mat as subjects perkwmed better when the dials were Appropriate."

However, a significant interaction between the insitucilon and aPPlolatallinolis factors

(F(3.40).4.5. dc.01) suggests Met this effect is mainly due to two Instructional

groups. bet Flub None group and Concept Exempt. group. Scores for subjects In

MO Ride Alone group averaged about 20 points NON when trials were Appropriate

then when they were InapproPrielM for both Easy and Hard Male (1111).2.6, pc.05

aria 411).3* p.01. respectively). Q501...fly. wows Oa the Concept Example group

averaged 20 points higher on Easy Appropriate tuts Man on Easy inappropriate

sum (411).2.8, p<.06) and about 15 points higher on Hard Appropriate tasks than

on Hata InaflaoPaela tasks, although the letter contrail did not reach significance.

The Morena between Apyropnate and inappropriate trials for the other two

groups of subjects was smaller or non-eidstent. The No-Advfce group was less

emirate on the Inappropriate trials, but the Memnon wets only on the order of 10

points. and IM contrasts were not significant lot either the Easy trials or the ricl

"Note MIN the mint seer of AppeopliNenetee 111 not eve to any NOW of Met construction ot
liefeedon The mean nu/ bet of Solution paha one Pepe per ps..i in the ittaINNOOdato Mato wits 'Ns
eame es Me mews tar the Arwood* beds
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Wats." The dropod In accuracy on the Inappropriate trials may simply mean that

11017141 SUNOCO In the No Advice group devised strategies that were similar to the

advice. Surprisingly. the Task Example group showed no sans of follo.iing the

advice: their scores were even slightly mere accurate on the Inappropriate trials. (An

xPlanstion for this result will be offered below)

5.4. Was the Advice Helpful)

Even though MVO a evidence that at least some subjects followed the advice, It

terns out that In the preset experiment, LA advice was not very helpful As the

accuracy scores In Table 5.I suggest, there was no overall ataantagit to seeing the

advice. Subject. In the No Advice group were just as accurate (or more so) than the

subjects who saw advice The lack of an overall advantage for the advice would not

be Important if It could be attributed xixclusfvely to the Inappropriate Wait (where

subjects were deliberately misled Into making mistakes) However. It Is apparent from

the data for the Appropriate trials that subjects who saw advice did not Identify the

most effIclerr solution more often than subjects without advice, even when that

solution mut consistent with the advice.

It Is not surprising ;:mt the No Advice group did so well on the Easy trials. since

these trials were designed to be simple enough that subjects could compute the

solutions on their own What Is surprising is that the advse tailed to Improve

performance on the Hard trials, for which performance wait low overall Nevertheless.

subjects who saw advice woo no more accurate on the Hard Appropriate Mats than

the subjects who saw no advice.

"Other mutts else. support the chant Nat NW of Apptoprisioness is due to me Ruts Mona and
Concept Example snoops end not the No.Achice (poop A siemens ANOVA was pattoomed on
INNINned data, omitting the data for the No Advice wasp. The main effect of Apploptstoness and

the Applopnelettess a Manuel intmaceons wens both sob Siondicent (F0.301- 12 2, 04 01 end

04 01, iaapecevelyl

78



75

The isck of k gain In accuracy (nigh: have been offset by a gain In metro of

response. However. the maim Woe MIINIIN011 revealed no oyersit enact advantage

amocieted with Mowing the arMos. Table 6.2 Glows the mews amount of time

gn moods) MN subjects spent on the Encoding std Manning in.snoti, studying the

Nitration and goal of a Vial. The data are presented se a hoction of Instruction.

Appropriateness and Oiffictudy."

Oyes* subjects spent about 30 seconds per Vii. As In the percent correM

measure. then was no main Wed of ANNAN% but subjects' times were sensitive

Aline type at alai. Them wee n main effect of UMW aubjects ore 14 seconds

hater on Easy While then Hard Male. 81.401=181.4. pc.01. There was also a

smiler main effect of Appromlammes; subjects were seconds feeler on Appropriate

Mats than inappropriate oriels, ./11.410).22.2. pc.01.

The Oat of a mein elect of MISINKOIOn again suggeNs that Mere was no overall

&Men _s to studying the ad** "ro Colima opts r#oup was in fact the

NNW grog. taking about 10 seconds lees than the No Advice group on

both Easy and Hard Vile. However. Moss differences were not statistically

sIgnilicart Furthermore, the Rule Atone group. which was the oe/ group that

eserendy followed :lie advice. turned In relatively stow times, especially on ea hard

No advantage of ad** wow Other for the second reaction time wows, the

Deckilon Interval. Table 5-3 shwa the "adage antostro of time e n seconds) that

linds and toe *lbw ?Nonfat 505 t000totint to Bo totionoll NOW It we fa 00,0 fooponoos only
In only N otolotant ell NNW O oottontoty NM mg anal* .,tow Osseo Ito mooned ANOVA' nom
oottonnotl on MO log (040006 0 No NOON** Om

TABLE 5-2

EFFICIENCY TASK:

Encoding and Planning Ti.. (in se, -us), as a

function of Instruction, Appropri.teness and Difficulty
Chenge Ismorph

INSTRUCTION

No Rule
Advice Alone

C7ncept Task
ample Exaaple

ME MEALS
HAAG.

Appropriate 30.0 29.5 25.0 26.6 27.8

Inappropriate 34.6 23.8 32.8 32.2

MARS. 34.2 32.1 24.4 29.2

BARD TRIALS

Appropriate 43.8 46.3 35.4 42.1 41.9

Inappropriate 47.5 60.6 37.7 47.9 48.4

45.7 53.5 36.5 45.0

VU



subjects look to make a correct dedelon The are presented as a function of

Instruction, Appropriateness and Maley. For 110 measure, Mare were no main

Wiwi of Instruction, Appropriateness or 011eculN.Is Orsral, subjects took about 7

seconds to make s decision. beer:bon times In the Rule None and Concept

Example condmons were wit about 13 seconds !Wm than the No Advico wcup.

but the differences train felled is reach ustistical biplecance.

In sum, we must conclude kola Me 'Odom* available that the advice Aas not

nocgasary to good performance on this task. Ince subjects In the No Advice group

were lust as arxursle and lute as quick to flisP...-4 to SOPnbsisl Mills as subjects

who studied the *Ma. Obviously Mere Is no velum to liming acIA 1I that Is only

right pert of the tllrs, that doesn't Improve acurecy loompared to ..'Mg no advice)

vMen N Is right and list I Wm*/ lowers accuracy when N Is wrong. Why didn't

the advice work bt iar? N Is not Met subtexts could essay figure out the sot:Alone

on Mak own; the pow pedermana on the Hard trials suggeets Nwat subjects needed

help of some son. So Me problem penis to Pe either with the achIce Mee Or vIlti

Me subjects' Way A follow N. The former possibility suggests Mu the advice basil

needs to b. changed, the late that we haven't yet found She right wry to train

people to follow the advice.

One possible problem ath MN advice MINI Is that II didn't shyer.' le. i uniquoly

to the most efficient path. That Is, Liars was often more than one soklion pelt for

a Kiel Met wee consistent with She ad' i. So while etwtang the and trying

"Thor. NAN atteevorf Woman *I loOrwAlom a Agleoprlaseess s 011ikully. I t 401.2.11.
let Islercala wane is Os No Is Kw Ns &Mee and AAP Abel WOu . which wrir

Appropels. arksis *An Po kW awe ion. the rater M :Twor.plate VW, when tfie. VIM ass
Nast

TA..E 5-3

EFFICIENCY TASK:

Decision Tigre (in seconds), as a function of
Instruction. Ppprcpriataness and Difficulty

Change Thomorpts

INSTdUCTION

No Rule Concept Task

Advice Alone Example Example

LAST TRIALS
MARG.

Appropriate 7.5 5.5 6.3 7.0 6.o

Inappropriate 8.3 7.9 6.9 7.0 7.5

MARG. 7.9 6.# 6.6 7.0

11A110 TRIALS

Appropriate 8.5 6.8 6.5 6.9 7.2

Inappropriate 7.8 CI 6.8 7.5 7.1

11.0G. A. 6 5 6.1 1
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to find Ma MOM efficient path. subjects me: have occasionally recovered a Path

wee INXIINS111111 with the 11041014 tillehare PIN It was fa the MOO *MOW pith.

looked no twitter. When presented with an ;..iffon, tiny responded on

that

and

the

assaiplion Mat the path they had chosen was the fight one. When the trials were

Afrepf111111. these subjects wcukl be able to corm* retool actions that proposed

violating the advice. but they WON make tea anon of WOOD*. They might

inourreol* accept actions horn the inellIckint path they kid chosen or Incorrectly

reject actions from the pals that was eclat* most eNkient. On Me other hand. all

mans Whim* would b oetwislonei willed am the insppropdo trials because

following the ethics would sell lead them to tenon solutions that blatant* violated

Me one change' remdzion. even Mach these actions turned 01$ to be moot

ellkient Although this interpretslon Is conelMent with the pattern of roe tile, it would

be dilartal 10 one* N wIMoul knowing whet sOlull0a path subjects behaved was the

most elided. If this intsrytretellen is correct, howww. Mu Me advice Is no VW.

I Seib to narrow Me search specs of solutions sultickaviv id help suutects find tie

best so*Mon.

There is NW the possibility Mal subjects did not follow the add,* closely

enough. Thli possIbaty will be discussed In section 5.8 below and in the next

Chelber.

Even II Me advice is determined to be bad advice, Me moults of this experiment

are interesting for what they MN Pe aixut how people use sOice (goo! or bad): how

heavily May rely on 11 and whether different forms of advice or Myren( tasks affect

Me degree of this reliance.
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5.5. Old ;Wit Difficulty Affect RellanCa on Advice?

As reported above. subjects were significant* 1110f. accurate Easy trials than

on Hard trials. and needed significantly less time In the Encoding and Punning

Interval for Easy trials than Hard trials However. DNllc. ty did not interact with

Appropdsaness on any measure. making task: harder did not seem to Increase

subjects' reliance on the advice As the accuracy results In Table 5.1 indicated.

subjects in Me Concept Example and Rule Alone groups showed evidence of

following ohs advice even on tlx Easy trials. when they should have been able to

compute the solutions themselves Furthermore. these subjects were not more apt to

follow the advice on the Hard trials; the spread between the scores for Appropriate

mai inappropriate trials was again about HI points.

One might be tempted to conclude Mal Mew subjects followed the advice blindly.

never attempting to analyze the problems on their own. However, there is Indirect

evidence that these subjects retained a certain degree of Independence In ponlcutar.

lollowing the advice bandy would have led subjects to miss ail of the L impriate

Melo, but performance on the Inappropriate trials never dropped below chance. even

on the Hard trials.

PainaPe IN reason that subjects followed the advice to the same degree for both

Easy and Hard Male Is that these trisis were mixed together That It trials were

prwented In random order and subjects may have faced a Hard task at any point In

the expsdmsnl. So if subjects received some Hard trials early In I MD expenment.

they may have decided to use the advice to 3011, them. Once they had thought to

Ir.* the advice, though, they may have stuck to the same method ever. for Essy

vale. This interpretation can be tested by rove tetbeiencine the (Icier In which

subjects see Weis of different levels of difficulty

84
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5.6. Did the Form of the Advice Affect Per butane*?

Mil section focuses on the .clifferencee between the groups that studied the

edam. PM. I will attempt to explain the pumang behavior of die Task Eximple

group. wish unlike the Flute Mono and Concept Exempts groups showed no signs of

following the seem. et parader, I all argue this the Task Exempla group may

have interpreted the example In an untwist:NM way this lad dm to adopt a

strategy* that was different from the whim. Second, I Mil compere the pedonnance

of the Concept Example and Me Mons group to we whet effect the example may

have had on psdormance.

81.1. The VW of the Task Example

Sublems In the Task Exempts condition Mewed no sign of following the advice

Mae Worming the Eflik,awicy leek. The data preowned In Table 6-I suggest Mot

these LOWE* were oven sightly awe fr...weie on the !monomials aisle than the

ApprepdeM Ides. Two egesisitOtte el KM behavior Nom especially Muster:

1. Subfects didn't drools me necessary Imo to worldng through the Task

Example. They skimmed Mr both the advice and the exempts."

2. Subjects adopted a now *elegy Weed on the example. which
inecNenently focused stierdon away from the 'Mice Met

Aocenling to Me Mist s>mlatleda4 subjects dIdcl follow Ms advice because they

coultkil remember IL The Task Example was the lengthiest form of advice. Given

the fIrsonnule Wm constraint on reeding the wanuel. and not knov, Met efficiency

would be imponant for the teaks, Subjects may have lett WM information was

"1// Iterestre*, eallects may here hell 40111Selly eleceelos M weal snot* In conjunction wee
the sweitold elerso, since ewe Yea eat Co semi enseotops Is Node Memel Uses W Intensallon

eselisosously. Iheserolne Ike ease* shy walks sue** AM les Mersa owe mere ells engem

2

roadway sate to Ignore Therefore. while ,wrrorntrQ me Efficiency task tnese

subjects never cased on whatever weak mental representation of the advice they

might have formed To anticipate the data to be reported in Table 61 below.

subjects in the Task Example group actually recalled dt.i advice much worse than

subjects in the other groups.

According to the second explanation. subjects didn't remember the advice

because May Inwpreted din example in an tmexpected way. Consequently. they

either forgot the advice or reinterpreted II to conform to Me example Then. clump

performance of the Efficiency task, they followed a strategy based on their

Iniwprmation of the example. LeFewe and L'xon (1914) and Lefewe 11985) found

exactly title sort of bwhavior in their rematch on Instructions for sok4ng analogy

Motion. They fourto that when verbal kwinealonx for how a solve a (modem De.,

n:Ns) we centredicted by a teak example, people tend to follow their interpretation of

IM example. How might subjects have reinterpreted the Tare Example in the present

expiration*? Consider again OM Task Example in Figure 4-3. It compares three

different solutions to the problem and shows Mal the one consistent with the advice

requires the !sweet steps. The most likay new interpretation of the example Is that

It's always mummy to carry out a systematic path length comparison, me ths one

In die example. This Interpretadon le quite Jdfarsnt from the advice The advice

Wee InlenChld as a ShOftCtli so that subjects would not have to compute and

compare the steps of all possible paths. Insulad subjects should only have looked

for paths that used the Change or Move r,ommaticia In a particular way

me reinterpretation explanation le supported to a Cenallt (setts by the

dissimilarity of let percent correct data for the Task Example group and the No

Advice group in Table 8-1. tf the Task Sammie group had simply .geored the advice
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llogothr. the results of these as groups Maid have been Will mem. Ni ea.

Me me Fame were sips* name over* bra the Task Exempts soup tended to

be mere somas on Me kappropriale idea. Ties moil is condiment will the

propoold retrearpretesom It Me Task Mama maim* roan* competed al pent

WOO. Men they shouldn't have bees misled on the kappropasie kale. Them is

alp some Widow* eat is Inconslamt wed the reirearrression explenstion. M Ms

Task Example group sees the map group toosoopolo MAIN lielk WOK Ow we

aeole masse lees resales ease a Vie Encodes crud Paroles Intental (Tat* 5-2) M

be Now than any allow imp. In luck Mar lase were all Me Icosim.a°

fiat* research We be emoseety le decide Women Mee Iwo risplenellons.

One way le decide Its queues* would be le mobs a creaks, Mal of recall an al

peas of the mama before alma. sublimes is palonn Mme !Wang oak e good

noes el Oa LW/ a is the km. Men Task Mem* whams should show more

eddinos oI Moo*. the wham M aliernmho method aqua be Is take Making-

aloud protocols of saga* reading Me manual and perfarneng the Efficiency ask

the atoacolo sliould vewal whelber lie Task &swab Sublocle from Me Advice or

Whilltsr they Imerpret M Mew* than Me Ober eithlems." if Me reinterpretation

esplanation proms correct Men it NI be :aereng to Invemigele svhseter Memos

can be waned le Meow the ad** wIth ohtalled ask Nampa. or wham a

eanibMation of task tad concept maniples.

1.ras "woo sow as Mike mamma aw. o m "meow is issues 11-2. IN COMMON allk
Maw Mograsiss. Oilers 1411aMse 11/* Is*. me m* woe ay** nroMMO sf Ors *Mar sal
srs amigla 3Irs tssals sugghe 1441 a ISS 340 lass011 MOM MI essearAmme as *Mat. w
tee Ira"/t...4 a cunecly. /My mold Mrs bras sW * way 4 gm Is wee Is as Ma gram.

21 UsIsramMy. as sulgssf4 MassseIrs was* se OM **Aso arsississ Nee swim 4.1.3
was wee 141 my* * reel egg 1101 ea Mb fammen.
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5 e 2. The Effect of MO Cnncept Example

The Rule Now and Concept Example grows both shows* evidence of foftsring

the advice for the Efficiency task. As shown In Table 5-1. the two groups were

about equally accurate: °versa die Ride Nom soup nos correct on 71 percent of

Me Mak and the Concept Example group on ad percent. The Concept Example

group appeased to work more quickly than the Rule Nom qg y (see Table 3-21.

taking an avenge Of 12 seconds less per 1401. However. the difference In reaction

Seee wee only margins* significant (p<.10) for Hard Male.

There was difference. though. In sensitivity is Me Appropriateness factor. as

reflected it how quickly subjects waked. The Concept Example grout) seemod

olNvloue lo Its eppropiletwase manlpulaticw the average difference .rowein the

Pniell Mak 3 Ulm for the Appropriate and ineppropriete Male was only 1 second

In COOMIL 410 Rule ACM group spent an average of 105 second* longer on the

infinite:Mee thole than on Me Approptlate 14014. idom of this extra time came In

Me Encoding & Planning Intend for the Hard Male. The contrast performed bll

deference' between the IIMM 1c Its Appropriate and 'wpm's*** Ines was

sienna t. 414.2.7. p< 05.

So. Its Con, Mt Example 'Aiwa spent less One on the Esscodlng & Planning

Interval, especially on Hard inappropriste Wale. At this Point. a 14 o ly possible to

speculate about No this difference occurred One possibility .s that the Concept

Example minimised the number of allanative solution paths that subjects -unsidered

Mae fooling for the most efficient path. in pertIcuisc the Concept Example Weis

may never have considered paths that clearly violated the edvIce. even though them

were In fad more offlcisat for the Inappropriate trials The Rule Alone group may



have begun to consider other paths. espedaltr when those .airy rooked reasonably

efackell. as In the inepprOprlow Mete. The oars Nme the Rule Alone spent did not

lead them 10 abandon the acklce; so they must have ended up either trusting the

adobe more Man their own calculationc or gMng up on Nis alternative solutions too

Why might the Concept Example have disinclined subjeds from doing the same

Ming? The Concept Example gave Contrite. speckle) instances of both 'legal' and

'Roger changes ti tr.. 'Use the Change command II you have a diamond and need

a 0611110k1 or a waggon. Avoid using Change I you have a diamond and need a

hexagon or heptagon.') Seeing the nave m Inman' may Ilan made It easier for

subjects to identify violations el the ethics (Tennyson. 11175). Whin subjects saw the

problem situation and gook Mall might have moms** WI a MI of what shapes

to Minelder changing and stied out of consideration any objects that would

necessitate Notating the **Ads One tvey.lo find out more about Me effect of the

Concept Example would be lo tale thintiing-aloud protocols and see whether the Rule

None group considers more elternetere soluNons or a different set of anemones from

Me Concept Example group.

N would be Interesting N Me Concept Example Influenced which solution paths

sub**, were wiling to Consider. AN In v,., however, me affect for ma ammo IS

Mkt/ maor. Subjects Mame* did not need the example In order to follow the

ad**, and honing the example did not lead to signfdamtly faster reaction times.

This result (or non-resuN) 10 surprising since examples have been shown repeatedly to

aid (trio application. Taken es a whole. the issues suggest that Concept Examples

am not an effective form of *bonbon for advice. The strongest concruilon that

could be drawn from the similarity between the Concept Example and Rule Alone

89

groups Is that we ha,* found a second, more compelling Instance of selection

information. In the form of advice. failing to beneltt from elaborations However, until

the effects of the Task Example are sorted out. it Is too soon to draw such n

conclusion. It may he that In order to rake advantage of the advice. sums :ts need

to use a worked-out solution (such as a Task Example) as a mood However. as

suggested above. the Task Example in this OirpicInIslnr may have *seen inadequately

processed or misinterpreted

5.7. The Effect of the Move lsomorph

The results presented above concerned subjects in the Change Isomorph only It

IS now tkrie to consider the differences between the Change and Move womorphs

The Intention of creating the Move Isornorph was to vary the topic of the advice

while keeping as many of the task features constant as possible. So the Move

isomarpts subficts -read advice about the mr..e command and Change ,iomolph

multi's.% read advice about the Chang command. Ideally, the topic of the advice

should hive boon Irrelevant to the effects 01 the advice. However. the results 10f the

Efficiency task were somewhat different for the Move *morph

Table 5-4 shows the percentage of correct decisions as .., function of Instruction.

Appropriateness and Difficulty. As In the Change Womorph, subjects were sensitive to

the difitculty of the trials. Subjects' scores on the Easy trials were about 9 points

higher than on the Haru trials. R1.57)=3111. p< 01 Overall. accuracy on

ApproprIele trials was slightly higher than on inappropriate Mita. especially for Hard

Wife. However. Appropriateness did not produce a significant main effect or interact

with any other variable

The results for the No Advice and Task Exanvre groups are very similar to those
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TAILS 5-4

RIFICIVICY TASK:

Percent Correct Decisions as a Function of
Instruction, Appropriateness and Difficulty

Move Isomorph

INSTRUCTION

No Rule Concept Task

Advice Alone Inapt* [sample

EAST TRIALS

Appropriate .82 .71 .66 .S7 .77

Inappropriate .75 .71 .72 .85 .76

NARO. .79 .71 .69 .116

BARD TRIALS

Appropriate .76 .64 .64 .76 .70

Inappropriate .62 .61 .58 .69 .63

.69 .63 .61

86

In the Change Isornorph However. the accuracy of the Concept Example and Ruts

Alum, groups IS suddenly much lower than the other Instruction groups Reflecting

the relatively poor performance of these two groups, the Instruction factor produced a

shoocant main effect, F(3,57)3.4, p<.05. The Concept Example and Rule Alone

groups In the Move tomorph differed In another way from their counterpane In the

Change Isomorph Whereas In the Change isontorph these groups showed the

biggest effect of Appropriateness. In the Move Isomosph the Concept Example and

Rule Alone group showed NM* or no drop In accuracy on the Inappropriate trials

,
The reaction time measures provide little additional Information of Interest. Table

5-5 shows the average amount of time (In seconds) that sublacts spent In the

Encoding and Planning Interval and Table 5-6 snows the average amour: of time (In

**condo) ki the Decision Intent*. The data In Loth sables are presented as a

function of Instruction. Appropriateness end Difficulty. For both measures. the only

factor that produced a significant effect was Difficulty in the Encoding and Planning

interval. sublects averaged about 32 seconds on Ear. trials as opposed to 44

*condo on Hard trials, Ftl.f.").62.11, p< In the Decision Interval. sublime spent

about 5.8 seconds on Easy trials and 72 seconds on Hard trials. Ff1.57).198.

p<.01. Thus. the measures themselves were again sensitive enough to pick up the

expected differences among types of trials. In addition. while the limes for the No

Advice and Task Example groups Are comparable to the times for the corresponding

gioups the Change isontorph, the Concept Example group Is no longer fastest on

either measure. ,

Whale It I disturbing that the two Isomorphs did not yield Identical effects of

advice, the fact of a differenc. In performance for the two lsomorphs is not In Itself

too remarkable Hayes and Simon (1977) found that a out:lied& abilLy to solve the
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TAIL& 5-5

MICIRNCT TASK.

Encoding and Planning Tito (in maenads), as a

function of Instruction, Appropriateness and Difficulty
Rave Isonorph

INSTRUCTION

N.
Advice

Rule
Alan

Concept
Rumple

Task
'awl,

BAST TRIALS
MARG.

Appropriate 31.0 25.7 31.5 36.3 31.1

Inappropriate 31.5 29.8 33.7 34. 32.4

MAW. 31.3 27.8 32.6 35.4

NAND TRIALS

Appropriate 40.9 36.6 42.1 47.2 41.7

Inappropriate 49.8 39.0 44.6 48.8 45.6

MARG. 43.4 37.8 43.4 48.0
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TABLE 5-6

EFFICIENCY TASK:

Decision Time (in seconds), as a function of
Instruction, Appropriateness and Difficulty

Move I'lmorph

INSTRUCTION

No
Advice

Rule
P.one

Concept
Example

Task
Example

BAST TRIALS
MARG.

Appropriate 5.0 4.9 6.4 7.3 5.9

Inappropriate 5.5 4.3 7.2 5.6 5.7

NAM 5.3 4.6 6.8 6.5

RAID TRIALS

ApprolJate 5.7 5.8 7.7 8.2 6.9

Inappropriate 6.0 7.3 8.0 8.3 7.4

MARG. 5.9 6.6 7.9 8.3
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Tower of Mina problem sedge enormously depending on me isomorph. They have

found the some verlatkin for many other NMI of problems. So me Important question

M whet caused the Morena between me Change end Move leOnlorphe In this

regard. N M Mae intemeling Mel me same pets of IneMmlionel groups stood out in

Salk Illammenhe.
The meior afference between Me results for Me Iwo Montorphe was

his performance of Me Mule None and Concept Example groups. In la Change

Monlatek Mmes groups showed Me biggest sheet of Apirrope.atenses. but that overall

accuracy wow not slodIcener Merest from me Task Example and No Advice groups.

In me MOW Montorph, me Mule None and Concept Example groups showed *IWO

no.allect of Appropriateness. Funhermore, they were much lees occurs. Shen IM No

NW, and Task Example soups. It NMI reasonable lo elkibuie ale conjunction

of reitulla to Me same mum MS Mem groups of subjects Meowed or attempted to

fellenv his advice. Homier. when subjects In the Moe isomorph sampled to follow

Mm sake, hey mimeo:Mk enoounlerad severs prob....

letter tills altoMmtelion, tie Mama between Me Iwo immoral( was caused

by some anerence In the ett.ece or how Subjtne corded N out. Conceivably, the

diference might hew been caused by some New Ni the ccostructIon of the Move

Women. gnaw. (see the description of Oriel construction I Seclon 4.3.3). II Is

Impotent timely" to now Mel the difference is confined mainly to the Concept

Example and Rule Alone groups hat Me Ellidency task. As described above.

performance In the Task Exempts and No Achim groups was comparable in the two

Isomorphe As we qh see Ni the next dopey subjects Ni the two Isomorphs

recalled the at equally wet We our also NM Met. In IM Advice Recognition

task. overall accuracy wee mile lima. Ni the two learnaphe n The fact that the

URN.*** Imes did ewer lei she her Mee else& M efebeteal. Nye Covey gawpe wow sup the
"men row to the camp mewee, to me itewee yew is lee More 11015eh0et.
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Wife/once is isolated to the Rule Alone and Concept E..mple groups in the

Efficiency task suggests that the difference between the isomorphr. was COWAN) by

differences Ni the advice as it related to the Efficiency task and not by

umelonnallon of the problems themselves

the

So whet aspects of the advice might have caused the difference? Consider again

the advice tor the two Isom/ohs, reproduced below with that respective Concept

Examples.

CHANGE is usually the most efficient command to use whenever you can
make an Object into Me shape you want by hooky just one command;
othemles avoid using CHANGE.

EXAM2LE: Use CHANGE when you have a diamond and need a triangle
of a Pentagon: you can get to Miler of lane shapes with just one

command. Look for another way to solve the problem If you nate a
diamond, but need a hexagon or a heptagon.

MOVE Is usually the moat efficient command to use whenever you can
put the Object Into the Box you want by Issuing just one command,
otherwise avoid using MOVE.

EXAMPLE: Use MOVE when you have a diamond In BOX.A and need a
diamond In either 90)(3 (which Is Inside 130Xk) or In TOP (which
contains 80XA); you can get to ashy of these boxes with just one
command. Look lot another way to solve the problem if you need a
diamond In any other Box.

The Change advice (and especially the Concept Example) is quite concrete and

deals with simple relationships between limner geometric objects. There" a lair

degree of censinty about which shams have the relationship specified In the advice

A diamond is always 'one Yds more than a triangle and 'one side less* than a

pentagon. In contrast, the Move advice depends on a relationship of location.

involving boxes In varying configurations. The example involves one hypothetical

configuration of boxes with particular names. but there is no censinty in the Box.

World domain that liox4 Ye always contain a smeller Box13. So the concept of an

96



113

Meet being on box away' !a ism concrete and lees definite than Ills concept of

to °bled helm 'one more side or one fewer skis.' N a result. the Aul Atone

and Concept Exemee subMas M the Morn isonturph may ban twined a wry

imprecise repreesrnadon of Ohs sake. 1.1e as Met Meir accuracy was so much

Iva, then 1511 011151 groups nexteels Mal *wry efts* relied on wins reprrnentadon

of the 'Auk*. The fact by were equally accurate on ',peones* and inappropnam

SIC4 emote Mist whatever representation by did ham was OA* *Miran from

what wee in Mated.

* should be possible to Met the hypotheoh Met the difference in representations

of Me advice wee due to concreteness. A more 'comes' Morn Monarch could be

Amailld- thalkine AMIN be speelled as slots in certeln Paid poeitions rains. than

N relative positions M a ming of bons." N the concreteness is the key. than

performenco.M thls new Momorph should be much more Me performance in the

Change *ornately. (Abernethy*. N might be possible to cre:::o a Mrs abstract

Chino inmate* M which obiecte Una on arettrary attributes instead of familiar

geonwerio shapes. Then the performance in Me Change isommPal should become

nano like the present Move SPOonarPla



Chapter 6

RESULTS AND DISCUSSION, PART II

The Recall anl Advice Recognition hulks attempt to delve more deeply into what

she subjects learned from reading the different forms of advice Recalling the advice

end' recognizing actions Mal are eoneitlent with it seem to be reasonable

prerequisites to following the advice. So these tasks were intended to check that

subjects met these prerequisites and to rawiai any differences between tha forms of

advice.

Si. Recall Task

After compietind the Efficiency Task. subjects were askad to write short answers

to three questions (the exact questions appear in Figure 44n

&U. Recall of Advice

Subjects who ha'J seen any form of advice (Rule Alone. Concept Example or

Task Example) were asked 1..) recall the advice itsell.

Two judges independently scored the recall answers on the following three-point

NOM

No credit 10 points) for no answer or for answers that mentioned nothing
that was relevant to how to use the commands efficiently

98

Partial credit (.5 points) for answers that mentioned efficient use of

commando. capturing Ma spirit of the sake but omitting or incirrectly
stating the 'at most one command' constraint.

Full credit (I point) for ansivsrs that correctly stated the 'at most one
command' constraint.

Sample responses for each of these three coding categories is provided In

Appendix E The correlation between the !,:o ;Ages' scores was r. 77. and

disagreements ware resolved to mutual satisfaction.

Table 6-1 presents the mean recall scores as a function of Instruction and

laomonah. A 3x2x2 Analysis of Variance (ANOVA) was performed over the Instruction.

Isomorph, end Replication factors. Recall overall was not outstanding, with the mean

score about 46.

The form of Instruction in the manuals had a algeekant affect On how well

Subjects remembered the advice. F(2.71).43, p< 05 Subjects In trio Concept

Example and Rule Mona conditions remembered the advice emit equally wen, but

subjects In the Task Example group had much worse recall ( 27) As mentioned

earl*, the poor re -A of the Task Example group supports *kiwi of two

Interpretations: subjwcts In this group may never have processed the advice well

enough to recall h or the example may have led them to reinterpret the advice In

Such a way that they could not recall the original Interpretation accurately Subjects

In the Concept Exang.le group, at least In the Change Isomorph. appear to have

recalled the advice best, but the contrast between this group and the Rule Alone

group was not significant

There was no main effect of Isomorph: subjects in the Change and Move

Isomorprts recalled the advice equally wall overall. There was also no Interaction of
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InstruclIon NMI Isomorph. own though Sub feels in the Change isomorph seemed to

have beam resell Mao subjects In the Move isomorph for the Concept Example

condNloo (.71 vs. .60) and worse recall 1 the Task Example condition (.19 vs .35)

Wren MN amnia recall appeared filly weak on this measure. N is worth

reconsidsdno whether any subjects were Ibis to follow the &Mice on the Efficiency

task. The evidence Not 1h6 Concept Example and No. Alone groups did follow the

advice Is the fact Mel OM groups showed the predicted effect al Appropriateness.

Si least in NM Change Isomorph. The only difference between the Appeoprist and

'flop/papists trials was this on the inepprorlale Mob. 11 was necessary to *Adam

the advice 10 find the most efficient solution. Furlhermore, the real result* are

consiNete with the Efficiency task results: the groups MN Mowed most evidence of

following the advice liso Obtained the highest recall scores, and the group that

showed no pvklenc of lollowing the ethic* had worst recall. 'This conjunct on of

results makes N seem reasonable to conclude that subjects in the Concept Example

and Flute None groups were able 10 follow Me **Ace. despite their relative* poor

Amine on the recall task.

N is also liestestIng to speculate on whether the poor showing of the advice In

general was due to poor wall of N overall. N recall of the aritAce had been

greeter, would subjects In the advice conditions have performed Wet than subjects

In the No kMce group? in order to indirectly sees the importance of recall on

performance In the Efficiency task the smarm data for the three advice groups in

the Change isomorph were reattalizetl using the (mail scores is coverlets,.

However. dote was no sIgnlicent effect of mall on the accuracy sconce, and

adjusting the scores to mesa recall did not produce nolicesble differences hi the

cell means. So as a group, Me subjects In, for example, the Rule Alone group

1 0
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produced a fairy similar pattern, of tesi.lts on the Efficiency task regardless of

whether individual subjects In the group law received a high score or a iow score

on the mull test. What this suggests is that the fecal test was not a sensitive

enough mason of what subjects got out of reading the advice, some subjects who

remembered and acted on the advice may have scored poorly on the recall test.

perhaps because the question (or ptobs) was too vague

6.1 2. Recall of Examples

Subjects who had seen examples In conjunction with the advice (Le the Concept

Emu** and Task, Example conditions) were asked to rscaN the exa,nple. Recall of

the example was metal quite poor. Orley 16% of the subjects recalled all or part of

the example they had seen. An additional 22% of the subjects reproduced the

general rule for the advice but not the specific example. Nearly a third (27%) of the

subjects were unable to give any answer at all, and emitter 35% gave answers that

didn't relate to the advice at sit they reproduced the syntactic rules for the Change

and-Move commands or exempts of these rules.

Subjects were asked to answer this question before trying to recall the advice

Without this context, they may have gotten contused about whether the example in

question was the examples for the syntax rules that were also included In the manual

or the example for the advice. In addition, N may have been difficult to flame a

response about the Task Example, since it involved a specific diagram and goal

situation.
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TAILS 6-1

WALL OF ADVICSI

Mean Rectal Scores as a function of
Instruction and Isoaorph

INSTRUCTION

Concept Task
Rule Alone Swale Waldo

Change

HAIG.

Dimorph .53 .71 .19 .48

Hove
Isonorph .44 .50 .35 .44

1141111INALS .51 .61 .27

SOO

6 t 1 Retrospective Report on Solution Strategy

Finatiy. subjects were asked to retrospectively describe the SalOgy they used to

Solve the problems There was Quite a bit of variation in the type of response

.subjects gave to this question. A number of responses essentially recapped the task

Mans:dons. About, 60 responses focused on Haling a complete solution strategy.

about half of thew mentioned counting steps to find the most efficient solution, the

odor halt lust referred to comparing "my solution' to -1..e computer's solution'

Mother group of about 30 subjects seemed to locus on the Individual boxes rather

than on an averse solution. they mentioned trying to 'solve one box at a time

Of these, about half explicitly mentioned strategies for choosing between the Change

and Mare commands. For example, some mentioned looking only at nearby objects.

Or trying to move objects before considering changing snipes. or matting, minimal

shape changes. Only eight subjects claimed to slave no strategy apart from guessing

Of guessing on Wahl they thought were herd The responses in general were

somewhat vague and were not analyzed beyond this rough CittegorizeliOn

6.2. Advice Recognition Task

Tim task assessed subjects' ability to judge whether or not a solution was

consistent with the advick, In the memo. Before performing this task. sublet.ts were

explicitly reminded' of the advice As In the Ellicie..:y task. subjects were presented

with a siltation end a goal. After they studied the situation and the goal. the

computer proposed an action for achieving part of the goal Subjects were told to

decide whether or not this action was consistent with the advice, regardless of

whether the action was pan of the most efficient solution to the problem See

Chapter 4 for it more complete description of this task.
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Subfeas' pelformence was assessed both In WIN of accuracy and reaction Ilmes

(ng tufts; both how king May took so encode and plan and how long they took lo

make COMIct decision once the Action statement appeared). For each dependent

nmesure, a 3xex2x2 ANOVA was pstiormed over the instruction, AdviceR*49mm,

Mech. DIfficuNy and isornotph Maws.

8.2.1. Accuracy of ....Jiang

TAM 2 shows the percentage of correct 'decisions as a function of isonvaph.

instruction. Acklce-Reaponse Match, and Difficulty. The data on the left aids of the

table we from sublet:Is In the Change loin *tided Into tie throe 11111111A11011

oondllone. The data on the right side are for the Move Nornotph. TM data are

presented tolparately for Easy deb (the top of the table) and Hard Weis (Ins

The data show no owing ONsct of irstruclion: eluded@ M all three Instruction

.,WIllons vise cowed on about htodirtM of the WNW There was also no OM

*NW" SubleciS whe waked on the Change and Move Nomorphs wows squally

accurate overall. As M the Efflasncy teek subjects performed significently better on

Easy Mak than on Hard NUN. ffit.214.14.7. P< 01. Subjects' areas averaged

twebffi percentage points higher when this were Easy.

Although Mete was no overall shed of instruction. exampies did Imam

performance somewhat. Subjects who saw an example (either a Concept Example or

a Task Example) were 10% more ant* than subjects who saw the advice without

elaboration (Me Rule Alone condition). 834.2 114, As .05. 71'..11 result contrasts with

the results of the Efficiency and Recall tasks. M which there was effie diffihence

between the Rule Alone and Concept Example groups, but both of these groups

104

TABLE 6-2

ADVICE RECOGNITION

Percent Correct Decisions as a Function of
Isomorph, Instruction, Match and Difficulty

CHANGE HONOREE MOVE MEW V

Rule
Alone

Concept
Example

Task
Example

Rule
Alone

'oncept
Example

Task
Example

EAST TRIALS

Use-Yes .75 .71 .79 .50 .15 .83

Use-No .54 .67 .54 .60 .71 .67

Don' t Use-Yes .58 .71 .71 .65 .67 .92

Don* t Use-No .79 .96 ,79 .50 .71 .92

MARG. .66 .76 .71 .56 .71 .84

HARD TRIALS

Use-Yes .50 .68 .67 .70 .50 .56

Use-No .42 .42 .17 .40 .58 .42

Don't Use-"es .50 .42 .75 .50 .58 .67

Don't Use-No .75 .83 .83 .60 .81 .75

MARG. .54 .59 .61 .55 .62 .60
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differed from Me Task Earn* group. The example groups may have performed

NNW in Me *Wm Recognition task because MI subjects were reminded of the

arMie (and Melt examp*. N any) before comp(eeng this task and Ni. task explicitly

Muffed tatiPerlhe Ma proposed mean to the advice. This reminder gave the Task

Example group an opportunity and a motive to process (or nenteryirM) the advice and

Ni example. Since Me MIAs Recognition WA was more of a classifkaidon task.

Miter kind of exempts helped performance.

Performance on this task was tele** low, as Ni. margins's In Table 6-2

intlicots. Performance metal averaged about V% correct. TM dMaion of trials Into

Me AMice-Reeponee MO categorise sheet Met some idnds of trials were much

more difficult than others, /(3,117)=11.7, p<.01. The best maformance (77% correct)

came on Ms Don't Use-No MM. in these trials, sublscts were presented with an

action stater lent that vicisted Ni MAN and Me correct response was No (I.e.. :his

action was not consistent with the acrece). The worst perfonnerme (82% correct)

came on Me Use-No Vials. In Mesa *leis, there is a possible step Wm achieves a

pen OS the goal and Mal is consistent with the advice, but this step Is not the

saki) that Ni. compuM women, to the correct response is No.24

The data concem:4 Ni. ArtAce-Reeponee Maid, lector Mamie that these task

features inlluence how *my N Is to identily Ni schised solubsn. It was relatively

Hey for subjects to relict actione Met violated the advice, but harder for them reject

action, that didn't expect* *isle Ni *diem, but didn't exploit N either. Since

ewes task features cut across Me Appropriatellnapproprlam dimension In the

Efficiency task subjects may not have been OM to folc. the advice well enough to

"Pet a wore heel Ur Is PIN, we eke C7 M Appends A. TIM 5.4 Is a UseNs Silt
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Identify solution oaths consistent with It. This may mean that subjects need more

explicit Instructions or 'training' In how to follow the ammo

Another reason why scores In the Advice Recognition task may have ;Juan

relatively low Is that sublects may have confused the Instructions tor this talk with

the Instructions for the Efficiency task that they had already completed. Although

they were explicitly told to judge the proposed action for consistency without regard

for *halm it led to the most efficient solution. subjects may not have been able to

drop the efficiency c:ffecion. The effect of such *contamlnrsion' can be assessed by

counterbelandng the order of the two lake.

6.2.2. Reaction Time

The ("liminess between the typev of trials discussed above were not reflected In

the reaction times "able 6-3 shows the average amount of 0ms (In seconds) needed

to make correct deciCon on an Advice Task trial (the sums of the limes for the

Encoding & Planning and the Decision Intervals) The data are again presented as a

function of Instruction, AdviceResponse Match and Difficulty. The only factor to

,prOduce a main effect was Difficulty; subjects spent about 25 seconds on an Easy

trial and 37 s--mnds on a Hard trial, F(1,29).74 5, p<.01

There was, however, a significant Instruction x Isomorph Interaction. F(2,29).3.6,

p< 05, and a three-way Instruction x Isomorph x Difficulty interaction.

F(2,29).10.7,p<.01. These Interactions Indicate that the Concept Example group

performed differently in the Change and Move isomorphs: In the Change Isomorph,

the Concept Example group gave the lastest responses, Male In the Mbve somorph,

the Concept Example group gave the slowest responses. This ellterenCe was target

for Hard tasks than for Easy tasks. This result may reflect the fact that the Concept

10



TAMS 6-3

ADVIC8 81COGNITION TASK:

Overall Reaction Tise seconds).

presented u a (unction of Isosorpts,
Instruction, Match and Difficulty

cum 15000118 NOVA 150001,8

Rule
Alone

Concept
temple

Task
Bungle

Stale
alone

Concept
Lew le

Task
Example

SART TRIALS

Una -Tae 26.1 27.9 23.6 31.8 29.7 22.4

Usa-No 28.4 26.2 26.5 20.1 38.6 . 22.6

Wait One-Tes 22.6 17.2 26.3 21.1 33.3 22.0

Don't Use-Ne 20.0 10.3 29.6 23.2 32.5 22.8

NAMG. 24.3 21.4 26.5 24.1 33.5 22.5

SAID ThiALS

Use-Tes 39.1 28.2 42.6 32.5 48.1 39.1

Use-No 46.2 27.1 31.0 12.5 61.0 38.4

Don't Use-Tes 36.7 30.9 49.2 24.8 49.8 25.9

Don't Use-No 36.3 26.2 42.2 38.1 54.2 36.3

MALL. 39.6 28.1 41.3 27.0 53.3 34.9
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Example was more concrete in the Change taomorph than In the Move monioron (see

the discussion in IM previous chapter). TM Task Example groups were presumably

unaffected because the diagram provided extra specificity.

6.3. Replication affects

The generality of the results of this experiment Is weakened by replication effects

Two distinct groups of subjects performed the experiment. The Eff-Only Replication

subjects (who performed IM Efficiency task but not the Advice Recognition task) were

prima:11y students at Carnegie-Mellon. The Eff&Adv subjects (who performed both

tasks), were primarily from IM University of Pittsburgh. The Replication factor was

included In all analyses for the Efficiency and Recall tasks IAN subjects who

Performed the Advice Recognition task were from the same Replication) In general.

subjects In the EffOnly Replication were quicker and more accurate than the EffLAdv

subjects. Below Is I summary of the replication effects.

In the Efficienc, task. subjects in the EffOnly Replication were more accurate

Their scores were atrat 10 points higher than the EffSAdv group In both the Change

leomorph and the Move nommen ()(1.40).12.0. p< 01 and F(1.57).4 7. pc 05.

respectively) in the Move isomorph, there was also a significant thrmway interaction

of instruction x Difficulty x Replication. P(3.57).4 7. p<.01. Two instruction conditions

(Comept Example and Task Example) seemed to contribute most to this interaction.

Both groups were much less accurate on Hard trials in the Ell-0111y Replication. but

In the ViAdv Replication, there was no difference between Easy and Hard trials for

these instruction groups

The reaction time measures for the Efficiency teak also produced some effects of

replication, but only in the Change ',morph. In the Encoding and Planning Interval.
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Mere was no main Plea of fleplicsion. There was a three-way Interaction of

lemmas x DifikuNy a ileplosikin and Imo way interaction of

Insinscrion a Appropriateness x Olificulty a RepIMMIon 7(3.4014 3. P<.06. These

interaMions seem to Ni due Is one condition, Mn sublects Ni the MS* Replication

who MOW Mn Ries Alone Instructions. The effects of both Difficulty and

Popropilelowns were twice as big lot Nis group Men any other group. In the

Decision Mien*. Mere was a mein elect of PleMICallon. P<.01.

eithlclo In Mn EN -Onb group were 2.3 seconds Mew Man sublet:is In the effiAch

group. The Replication tutor also keerecled elf Appropriateness. Fil.40).4.0.

pro.08. Sublecis In Mn WO* fleplication ware punyy fast on Appropriate and

Iffniffliffilliff mils WO and SI sae., fsepeataK weds m Ewa wows were

about a second halm on Mn ApproprIele ir is than Mn Inappropriate trials (7.8 vs.

8.7 secs).

Finely. on the recall measure, sublecis In each of the two replications recalled

the.achte ewe", well: them was no mein effect of Repication and this lamer did

nor Winne wish any other factor.

Them effects and iniersolkin weaken Pe (waren of Mn findings since they

summit Mai effects ol KW, wary for Mitering groups of subiects or for other

unoonlrolisd reasons. Ni general. Mn maim of elects suggests simply that the Eff

Only group ewe quicker and more accurst* than ern EMU& subfecis. The Overall

speed and accuracy achenlegse of Mn ell-Only group may be due to the different

student profiles as Carnegie-Mellon and ern University of Plitiburgh. CamirgieMellon

studenls also are more likely lo hive training Ni problem soling and other sides that

fright here been relevant lo Mese links. In order to account for these effezts, it will

be necessary to collect demographic Information on sublects In future studios.

1 1 0
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Including such Information as S.AT scores. GPA, spatial resonIng manor liold

of study. and so on



100

Chapter 7

CONCLUSION

7.1. The Role of Sabots Gaup In Instructional Texts

The goat of MI moon* was to find as whet mates la a more effective

instruMksmi text for OM learning. The tailor* wisdom on the content of such

tems assumed that learners benefit from deftest; explenallane of every relevant point.

The research of Rider. Chaney & Morgan On pees) and Carroll (1MO) suggested

Mal Will Is not the sae. la Ma, Roder. Chantey 1 Morgart's results suggeeted that

learners bengal only from elaborations on penkuler types of Inlormadon in a

computer users manual. eati novice and experienced computer users performed

MOO on Me computer more Olden* If they had studied elaboration e of the

commend syntax, but elaboteilone about Me function of the commands or when to

apply them had no effect on performance.

The oreeen1 research was designed to explore this result turther. Is II true that

elebaillone on 'selection Infomtallore have no benefit for Mamas? Or was the

lack ol arty benefit due to the particular tasks or the particular elaborations we had

chosen in Me experiment? The mower* to Mime questions are !mooning because of

their applications for voting manuals. If writers know in advance Mel elaborations on

selection information don't help learners, but that elaborations on command syntax

do, Men they can allocate their effort, swede sly. On the ollw hand, If Me
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bonsai of selection elaborations depends on the task Inv) writers must (to catotut

analyses of the kinds of :asks learners might perform in order to decide whether

elaborations on the selection InlormatIon are worthwhile

In an attempt to and out wtt-ther selection Information benefits from elaboration. I

designed a new Ptak in which careful selection between commands was essential to

good performance. Selection Information was stated as an advisory rule for choosing

between commands In some manuals, the advice was unelaborated (Rule Alone).

while in others It was elaborated with one of two lams of examples (Concept

Example or Task Exempts). Examples were chosen to elaborate It.1 advice because

examples have often proven quite effective lot warning to apply rules

The results of the experiment suggest that two groups of subjects. the subjects

vhIo studied unelaborated advice (the Rule Alone group) and the subjects who

studied advice elaborated with a Concept Example did follow the advice These

sublime NNW on the advice equally strongly, and did so regardless ot whether tasks

were easy or difficue. However, following the advice In this experiment did not

imp:ove subjects' performance over sublime who Saw no advice at all The Salute

of the arkeli, to Improve performance suggests either Mat the advice Itself was

deficient Or that subjects did not tern how to apply the advice well enough. In

either case, the experiment sheds some light on the effectiveness of different forms

of advice and on how willing people are to folow the advice

To the extent that elaborating the advice with an example dli not Improve

performance significantly over having the advice alone, the evidence suggests that

selection Information mcy really be a type of information that doesn't benefit from

elaboration. However, the data are not clean enough to permit such a conclusion
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For one Ming. subtexts who saw the Task Example did not behave the same way as

Na rote al to maffects who saw advice. The Task Example subjects may not have

Paid enough anention to Me advice or they may have reinterpreted N Ni an

unexpebed way. Since to Task Example was expected to be the most effective

form of elaboration, N Is imminent to invesligeM what happened: perhaps N subjects

had been able is make proper use at the Task Example, MO Perlomleace would

hem been superior lo any ether group, Including subtexts who saw no ethics

The fact that subbase meter* Meowed the edam even though N did not

acme their periormenc toffs us something about how willing people are to rely on

itlAcc WI have several olher indkations Ni this experiment that people rely heavily

on *Noe. 'kW. eublecH were washes* misled by to advice boo making wrong

answers on to inepproprisie trials. Second, eublecis relied on to advice equally

heady on Easy triMs se an Herd idols. This degree of reliance on advice Is

Insweseng as was as high*, worrisome. It Is interesting because teachers have

reported needing spodel aorta so pi Hafting Ist employ general problem-solving

amnesia (e.g.. Schoenfeld. 111111). NOW people were more willing lo rely on the

aslAcie bemuse N was related directly to a amigo procedure (Ls., the Chang* or

Move commend) Ni a specie° domain (1.e., lloxWarkl). The reliance on advice is

worrisome because we would Use students to use advice ludidously. It Is possible

Met wt. th more experience, subhic* would came to rely less on the advice. any

case, a lesson that clearly emerges from this experiment le that writers should take

care when Wes advice. Advice Met seems sensible and helpful doesn't always

immure performance. Furthermore, writers should try to assess how often advice Is

inappropriate, since people who %flow the 1.&Ace may mitt be led astray.
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7.2. Goals for Future Research

The research presented here points the way to future studies on iwo dilferent

levels. the local level of this experimental paradigm and the more general level of the

.content of Instructional texts

First, the results of the experiment provided a number of surprises and puzzles

that bear further investigation These Include'

the apparent unhelpfulness of the advice In general;

the unexpected behavior of the Task Example subjects, who behaved
unlike the other groups that saw advice;

the unusuul behavior of subjects In the Move isomorph. whose
performance seemed to suffer when they tiled to loucw the advice, and

Me poor performance of subjects in general on the Recall and Advice
Recognition tasks.

Specific proposals for Investigating some of these puzzles were pre:ented. in

Chopin 3 and 6.

On the more general level of research Into the content of Instruction, there Is

also much research to be done. Find, we obviously can't conclude from this study

that selection information Is a type of It armation that needs no elaboration Logically,

we will never be ebb to demonstrate this fact check % Whenever a study shows that

selection elaborations laN in Improve performance it will be possible to claim that the

study still employed the wrong tasks or the wring toerations.

There are two ways to break out of this cycle. One way would be to build up a

large body of evidence from studies like the present one which span a variety of

task oomaIns and use the most plauelble tasks and elaborations possible 'I we find
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We sate result over and over again. It matt be reasonable to coma% that

selsolkon Nkomo. Non dose not benefit from etsbarallan. The second way to break

She cycle would be la adopt more Maraca' wpm:h. N we assume for the

sake of argument Mat people don't perform better after setting elaborations about

Wagon In bemoan. Men N is kesieskig to ask why they don't and why people do

seem a benefit from slaboradone about the commend syntax. If we can pinpoint

the Maraca kt these types of infonnegon or how people make use of them, then

we may be able to correctly predict what Ohm types of Information do and do not

benellt from elaboration.

This kind of effort rebukes 'Malkin. *Meant similarilles and differences

between information types. The research reported here attempted to exploit one

slatlartly between syntax inlomtegon and selection Inkuntation: both types of

Infortallon gen be expressed a Rise INN stese what scans to perform In particular

auations. This was why examples were chosen as the form of elaboration for the

skims: perhaps examples always help people apply Information that comes In the

font of a rule. tiovovor, Oho results of this amain. Indicate that concept

momplea did not help sunfeas apply Ms adobe more effectkeely. The behavior of

We Tail Example group media further investigation an this account.

This research also proposed a dIfterence between syntax Information and Mallon

inkemellon. Employing Me loaner type of Information Is compulsory, but IN tatter Is

discretionary. That is. people cannot perform any tasks on the computer without

knowing how to law the commands they select correctly. NOWOIMI, people can

often function perfectly well without selecting the most approprtria ommand; May

may be Iva efficient. but they get the ph done. Perhaps elaborations are only

toad for compulsory Information. In any case. a C106411 study of how subjects went.
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about coking the problems in the Efficsency task may help shed more light on what

kinds of information they needed

In sum, systematic research on what Information learners need and why they need

N promises to tv,.'" us achieve the goal of di.uwering how to write more 'decoye

instructional texts.
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Appendix A

BOX-..VORLD MANUAL

1

Introduction

BoxWiwid is a computer program for manipulating sonata geometric Or,..,cs mai are

contamed in Boxes as pctureo in the diagrams below This martt.:.. will teacn fou now to

write commands to make the Computer Manta obiscts. move them from one box to another

or change that shape. so that you can accomplish goals site taxing the configuration of
Owls pictured below on the left and turning it into Ins configuration pictured on the right

Some general features of EloxWorld are described Wow. On the following pages you wilt

find instructions for how to change. move and delete Objects

Types of Objects. The Objects in the 8oxWorld domain consist of biro simple polygons

triangles. diamonds pentagons how ns and heptagons

Arrangements of loses. Boxes appear on the screen as rectangular ()whoops A 80x.

World arrangement always starts with one very large box named TOP TOP can contain up

to three Boxes. each e which can contain even 'maw boxes.

Identifying Boxes and Objects. In your commands to the computer you will have to refer

to Boxes aria Obiocis by name Boxes are identified by a name Such as TOP or GOxA
printed in the upper t1111 tand Cotner of the box Objects new, a number dram 0 to 91

printed mods them For example a felangis with Ma number 5 inside it is retorted to as
TRIANGLES. in °tau to distinguish it from OIAMONO3 or TRIANGLES

TOT Ovii C.

.0.a otet.
o©

e A A

G.9
'Si'.'
o
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Changing Mt Shape 01 an Obiticf

You an use Me L command to _ range Me shape of an Object For example y00.1

can chants a pentagon ow a hexagon or a *am ann ont a wants There S a km 00
AS Mild Of change you can make wit a angle champ :ornmand. you Can Only add or

wily one 'aide To no an aaallolt cam* the list of pastas floxWorsd Otwocts

arranged Meow aCconang to how many sides Miry het ay 111MAPO one CHANGE

commie* yaw can change diamond aura WOW is Mangle or a pentagon. To change me

diamond In11) any omit shape. you would ham so leas a sans of CHANGE commends

One for melt Si. you meet to Odd or take away. So. to change a diamond into a
hexagon. you would issue 0.10 command so chines 4 kilo a pentagon and another to

change Me pentagOn Iowa a hexagon. With maybe CHANGE commands. you can change
any °Meet into any of the Other four shepee. Obviously, a mangle cannot turn Into an
Object kWh two odes and a hexagon car lot aunt Imo an Object with eight sides

Heptagon 17 odes

0 Hexagon (6 saes)

Peragon IS 0051

ODiamond (4 swim)

Z Triangle 13 sides/

f4litJAT

A CHANGE command has Mee* pans such must be typed in the following order

CHANGE (NAME OF OBJECT, (TYPE OF CHANGE)

The Mt part is CHANGE the maw of the command The second pan 1 trif npme of the

Ofwect. such as PENTAGONI The Mud pan is the direction of the change type either
MORE-SIDES to get a shape with one more NO* than the Object has now or FEWER.

SIDES to ael a shape pith one form sides To finish Issuing the command to the

computer. press the RETURN key

EXAMPLE

The following command takes PENTAGONI and changes if into a diamond toy making it
have FEWER SIDES)

CHANGE PENTAGONI FEWERSIDES

jZO

Moving an Object to Another Box

You can uso the MOVE command to pus an Object into a aillereni Bo. ,flovauat moves

are landed to crossing the edge of only one 80x This means mat ,ittri a scote MOVE

command. you can only move an Object Into the next iarger or next smaller pox For

example. suppose the Object you want to move is PENTAGON! Nncn is npcle 1:10.4 A 8y

issuing one MOVE command. you can either mow the Object down into 80X8 a smaller

box inside 80XA or move it up into TOP which contains 80xA To move PENTAGON! into

any *Mel box. you. would ham to issue a series of MOVE commands one for each box

shoes edge you would have to Clots So. to move PENTAGON! to 80XC you would
issue one command so move it to TOP and another to move it from TOP to 80XC Wan

multiple MOVE commancs. you can move any Object into any box on me screen

/bit

Owl .4

FORMAT

A MOVE command nas three parts wnich mus. be typed n the tohowtng wiser

MOVE (NAME OF OBJECT) fOESTINATiONI

The first part is MOVE the name of the command The second part s ins name at me

Object. such as PENTAGON! The third part is the name of tne 00x mat /ow want to
move the Object to such as 80X.8 To latish issuing Ins command to me computer press

the RETURN key II you typed a destination tnat is too 'far away mat is roll would

nave to cross the edge of more than one box to get therm ins computer will respond

*Destination too far and gar well have to issue a new MOVE command

FY.aMPtE

The tottowing command takes PENTAGON! and outs a into 80x 8

MOVE PENTAGON! BOXEl
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Deleting an Oblect

You can Wow an Mod from me screen wog the DELETE command Coca iOu awe

an COject. yeu cannot bring is balk

FORMAT

The DELETE command has two parts saKsi mum be wooled in Me foacming wow

DELETE [NAME Of OILIECT)

TM au au is DELETE. me name of Ilse command )1;3 SOCCod Part is the name came

Obfect you awl to debut sun u PENTAGONS

EXASAPLE

The lowing command stasis PENTAGONS front Me flo*World

DELETE PENTAGONS

I
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BOXWORLD TASKS
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lri

ilaa-Wand TdM OA
Chong' isomorpli.

Eat, aporadolais. Use

$4 is a Use males bseauee you wens two Mangles in ile44. and date's a
diamond M Uoa A Mai you CM donee Imo a Wangle %%eh ono sap. The comet

"Men" 11". Mows' 'he Scan MOWN a dilatant 'my' is sake she problem.
mowing in Oa Mangle Item Sawa

124

Box-World Trial (B-4)
Change Isomorph

Easy, Appropriate, Use

Tao

110X-C

A

Goal. Box-A should contain two ttlansies
should contain one g entagon only

Action Move triangle-4 to Box-A

only, and Box-8

Most efficient solution.
Change diamond-3 into a triangle I step
Move pentagon- I to Box-8 2 steps

Efficiency Task response No

Advice Recognition response. No
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llos-Wattl TIM (C4)
Chew leonsuph

Earl. Inappfoorime, Don't We

CeT 9 Don't we Fabian bylaws you sun anoMer heptagon In box11. but the

attaoe toys nos so sty to achieve NM pool by caongIng the pentagon. In this case.

the lamas Is Inappropolste. Moues changing osnagon to heptagon is pan of

the mOSI elitism solution.

126

Box-World Trial (C-7)
Change lsomorph

Easy, Inappropriate, Don't Use

TOP

90% -A

11

Goal. Box-I3 should contain two diamonds and two
heptagons only

Action. Change pentagon-4 into t. heptagon

Most efficient solution
Change pentagon-4 into a heptagon
MovA diamond-I to Box-e

Efficiency Task response Yes

Advice Recognition response No

2 steps
I step
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lentWond T11a1 (64)
Cheap mat

Hord. Apotoodste, WO the

1E4 le a Deal Ulle. preteens became yew went another dlemond In Box-A and tho
Once Nye not to try to SOWN* Met god by d' *S am Wanton. In Mho cue.

Me *Nee le Nonmetal. The most ellidere owe" Wien ohne that eubgoel by

mmeno In the demond Omen box-II.
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Box-World Trial (E-6)
Change Isomor[h

Hard, Appropriate, Don't Use

TOP

Goal Box-A should contain two diamonds only, and
Box-C should contain one pentagon and one heptagon
only

Action. Change hexagon-2 into a diamond

Most efficient solution,
Move diamond-3 to Box-A
Move hexagon-2 to Box-C
Change hexagon-2 into a pentagon
Change hexagon-5 into a heptagon

Efficiency Task response No

Advice Recognition response No

I step
2 steps
I step
I step
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oxMorld Trial (C15)
Change Menem*

Hard. Inepprombise. Use

E.-15 is Use problem because you went mew% demand In Box-e. and there Is a
pentsen M aosA Mat an be changed Wee a diamond M just one step. In Iles
421.0. the froMfm Is ImIPProOnele - M's more Adele to move In the diamond from

Nara

130
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Box-World Trial (E-15)
Change I sornorph

Hard, Inapprrpriate, Use

TO? 110X-

11011-:,

40 n
-f:

9031-.
Goal Top should contain one hexagon only, Box-A
should contain two diamonds only and Box-C should
contain one pentagon and one heptagon only

Action: Move pentagon-3 to Box-C.

Most efficient solution
Move pentagon-3 to Box-C
Move diamond- I to Box-A
Move heptagon-4 to Box-C
Move hexagon-5 to Top

Ef ficienCy Task response yes

Advice Recognition response No

2 steps
I step
I step
I step
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Aroendix C

BOX-WORLD TASKS MOVE ISOMORPHS



oxWoM TAN 1-4/
Move Isomorptt

Eery. Appropriate. Um

is a UN problem bemuse you went two hexagons In Top, and there's a
Musson In llowA Met you can mate to Top with ono elm. The coma wawa Is
No become the action proposes a Mem% way to solos Me problem. chaceMp the
wimple In Top to a hoopoe.

TOP

Box-World Trial (8 -4)

Move Isomorph

Easy, Appropriate, Use

OX- A

11011-

Goal Top should contain two hexagons, among other
objects, Box-A should be empty, and Box- % should
contain one heptagon, among other objects

Action Change triangle-4 into a hexagon

Most efficient solution
Move hexagon-3 to Top -- I step
Change pentagon-1 into a heptagon 2 steps

Efficiency Task response No

Advice Recognition response No
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IVits10 Trial (C-i)
Mow Isomorph

E. IfIN MOW. Dal UN

CT Is a Clon't Use probkm Maws you NM smear diamond in llo.C. but thil
&Ng. *0 nix I. fry to KINN MN pool by riming Ms diamond from Top. In this

cow OM NM* M IneppaprleN, because moMnp the diamond from Top Is pen of

Its most sIllasnt sokMon.
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Box-World Trial (C-7)
Move Isomorph

Easy, Inappropriate, Don't Use

TOP

MOM-416

00

Goal Too should be empty, Box-A should contain two
diamonds among other objects, and Box-C snculd
contain two diamonds among other objects

, Action Move diamond-4 to Box-C

Most efficient solution.
Move diamoro, -4 to Box-C

Change triangle I into a diamond

Efficiency Task response Yes

Advice Recognition response No

steps
I step
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Ow/Mad Tree (E4)
Mao towel,

Hard. App maim Owl Use

14 lo Dort (Na problems because you sets another diamond In lios-C and the

sAn sent net N by N achieve Oat pal by ntonng In diamond-2 Item Top. In

OW NM Oa atMcs N appropriate. The MOO elliclent osenill solution soh*. That

.opal W Amain. wioneM-3 NN dleinana.

I

Box-World Trial (E-6)
Move Isomorph

Hard, Appropriate, Don't Use

UV

.0

Goal: Top should be empty and Box-A should contain
one hexagon among other objects, Box-B should contain
one hexagon among other objects and Box-C sho,,,,i
contain two diamonds among other objects

Action: Move diamond-2 to Box-C

Most efficient solution:
Change triangle-3 into a diamond I step
Change diamond-3 into a hexagon 2 steps
Move hexagon-2 to Box-B i step
Move hexagon-5 to Box-A I sti,,p

Efficiency Task response No

Advice Recognition response No
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IkmWelld Trot (6-11)
Moue Isemomb

Herd leappropaele, UN

CIS Is a UN problem because you want tnalw demond In lloa-C, mei Mere Is e

ellemand Is $o*4 owl can In moved le anx-C *4111 lug one slap. In Mb Ca". IN
abate Is logogram's,* - We more Oldest to change Mensle-I Into a diamond.

1

139

Box-World Trial (E-15)
Move Isomorph

Hard, Inappropriate, Use

Tar.

Goal: Top should contain one pentagon among other
objects, Box-A should contain one hexagon among
other objects, Box-B should contain one hexagon

among other objects and Box-C should contain two

diamorKis among other objects

Action Change diamond-3 into a hexagon

Most efficient solution
Change diamond-3 into a hexagon 2 steps
Change triangle- I into a diamond I step
Change pentagon-4 into a hexagon I step
Change diamond-5 into a pentagon I step

Efficiency Task response- Yes
Advice Recognition response. No

140
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Appendix D

DISTRIBUTION OF SUBJECTS

AMONG CONDITIONS

141

APPENDIX D

Distribution of Subjects among Conditions for

Recall of Advice, Advice Recognition and Efficiency Tasks

:.RANGE ISOMORPH MOVE ISOMORPH

No Rule Concpt Task Ho Rule Concpt Task

Advice Alone Eg Eg Advice Alone Eg Eg

RECALL OF 0 11 12 11 0 17 17 15

ADVICE (0) (5) (6) (5) (0) (6) (6) (5)

ADVICE
RECOGNITION 0 6 6 6 0 5 6 6

TASX (0) (0) (0) (0) (0) (0) (0) (0)

EFFICIENCY 12 12 12 12 15 17 17 16

TASE ' (6) (6) (6) (4) (6) (6) (6) (6)

The figures in parentheses. represent the number of these subjects

who mere in the Eft-Only Replication group.
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Appendix E

SAMPLE RECALL RESPONSES

Sample Responses for Recall of Macs

RESIMISMI IMO g t

Don't ramember.

1 in not recall Met the maiml emplaned when to tee commends. They

only said what the commends did and Meat syntax.

You an move OOPS one boa at a amt. You can change obfects by
adding or deleting sides one at a lime. you can dam !Must once
deleted. they can't alum.

Use commands when they lied to the most secant may al achieving Me
go

Count Me number of asps Invotmd M ilektming one strategy and
compere Mat with Me numbs( of asps involved M selecting the War.
Choose Me *cagy MN would lead you to the goat with the lust
number of Slept

%news rwil et

Owings Minas Had don't move awn much.

The manual ...rd Mae N was beast not to cherge sides unless necessary
because N toolt up too mow moves.

Use *nave only N N mulls in Ism asps Men changing the number of
sides.

Use the change command as little as possible, la.. only when N would
take fewer mania so Mange an object Mon to move

Use :range commend only when N le necessary to use Me least number
of commends.

%Min HMS U itt

,
r

144

It suggested to use the change command when a object needs to be
changed by only ora side And to move oblects born box to box when
neceessry

II the number of sides to be Increased or decreased Is more than on.,
find another way ol solving the problem

It you have to move *Wu more than one box. don't use mgve command

USe the 'move' command when only one move was necessary.

The sake said not to use the CHANGE command to go Iron, one shape
So another which was several steps away It said that a more efficient
way could usually be Sound
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