.T.TJ { ey, e

DOCUMENT RESUME

ED 269 421 ™ 860 239
AUTHOR Charney, Davida H.
T.TLE The Role of Elaborations in Instructional Texts:

Learning to Use the Appropriate Procedure at the
Appropriate Time.

INST!TUTION Carnegie-Mellon Univ., Pittsburgh, Pa. Dept. of
Psychology.

SPONS AGEXNCY ~€¢fice of Naval Research, Arlington, Va. Personnel
and Training Research Programs Office.

REPORT NO TR~ONR-86-2

PUB DATE 14 Feb 86

CONTRACT N00014-84-K-0063

NOTE 158p.; Ph.D. Dissertation, Carnegie-Mellon
University. The entire document contains small
print. _

PUB TYPE Reports - Research/Technical (143) --
Digsertations/These - Doctoral Dissertations (041)

EDRS PRICE MF01/PC07 Plus Postage.

DESCRIPTORS Adults; *Computer Science Education; *Decision Making

Skills; Deduction; Games; Guides; Higher Education;
Information Needs; *Learning Processes; *Prob em
Solving; *Skill Development; Textbook Content;
Textbook Preparation; *Textbooks

IDENTIFIERS Box World (Computer Game)

ABSTRACT

The content of textbooks teuching the use of a
computer was studied. An important component of skill learning,
choosing the right procedure at the right time, is difficult in
computer education because the connection between real-world goals
and the generic procedures described in a manual is often obscure.
Furthermore, it is difficult to tell which of several similar
procedures is best for a particular situation. Various types of
advice about choosing the correct procedure were investigzted.
College students and staff members read one of four vr.csions of a
manual for a computer game called "Box World." A Dandylion computer
was used. Three versions contained advice about when to use
particular game procedures. The advice was either stated as a simple
verbal rule or elaborated with a concept example or a task example.
The fourth version contained no advice. Subjects then performed three
tasks: recall; recognition of correct versus incorrect applications
of the advice; and decision making and problem solving. Subjects who
received advice followed it to select a procedure; however, so did
subjects receiving no advice. The examples helped subjects identify
correct applications of the advice, but did not increase adherence to
the advice during problem solving. (Author/GDC)

ARRR KRR AR RA R AR R AR R R AR AR AR R AR R AR AR R R R R R R AR R AR AR AR AR RN AR AR ARRR AR AR

* Reproductions supplied by EDRS are the best that can be made
* from the original document.

*
*

ARARR R R R R AR R AR R R R R AR AR R AR AR AR AR AR R R R R R R AR AR AR A AR AR AR AR ARR AR AR Sk




THE ROLE OF ELABORATIONS
INSTRUCTIONAL TEXTS:

ED269421

Learning to Use the Appropriate Procadure
at the Appropriate Time

Carnegie-Mellon University

.Technical Report No. ONR-86-2
February 14, 1986

The work reported here was sponsored by the Office of Naval R

No. N00014-84-K-0083, Contract Authority Identification Number NR687-529,

IN

Davida H. Charney -

U.S. DEVAMIMENT U EDUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)

}Thn documest has been  sroduced as
w from the person cr organization
+ gnating it

O Minor changes have been made to improve
reproduction quality

® Points of view or opions stated in thrs docu-
ment do not recessanly reprasent officis; Nig
position or policy.

gesearch, Contract




o
Rt
Lo

b

REPORT DOCUMENTATION PAGE

‘3 REFCRT SECLRITY CLASSIFICA:.ON
Unclassified

tD RESTRICTIVE VIARKINGS

23 SECURITY CLASSIAICATION AUTHORITY -

3 OISTR!SUTION/ AVAILABILITY CF R€7QRT . ]
Avproved for puplic release; distribution

b, DECLASSIFICATION DOWNGRADING SCHEDULE

unlimited.

4, PERFORMING QRGANIZATION REPORT NUMBER(S)
.~ Technical Report No. ONR-86-2

S MONITORING ORGANIZATION REPORT “MUMBER(S)
Technical Report Nu. ONR-86-,

§6s. NAME OF PERFORMING ORGANIZATION
Davida Chamey

6b. OFFICE SYMBOL
(If applicable)

7a3. NAME OF MONITORING ORGANIZATION

Sc. ADDRESS (City, State, and ZIPCo ‘e)
Department of Psychclog -
Carmegie~Mellon University
Pittsburgh, PA 15213

7b. ADDRESS (City, State, and ZIP Code)

82. NAME OF FUNDING/ SPONSORING
ORGANIZATION

Office of Naval Research

8b. OFFICE SYMBOL
(If applicable)

9 PROCUREMENT INSTRUMENT IDENTIFCATION YUMBER
N00014~84-K=0063

8c. ADDRESS (City, State, and ZIP Code)

10. SOURCE OF FUND.NG NUMSERS

Personnel and Training Research Program PROGRAM PROJECT TASK 'WORK UNIT
Arlington, VA 22217 ELEMENT NO. I NO. NO. ACCESSION NO
61153N RR04206. RRO4206 NR667-529

11. TITLE (Inciude Secunty Classification) .
The Role of Elaborations in Instructional Texts: Learning to Use the Appropriate Procedure

at the Appropriate Time (unclassified) . . .

12. PERSONAL AUTHOR(S)
Charney, Davida

13a. TYPE OF REPORT
Technical Report

16. SUPPLEMENTARY NOTATION

1S. PAGE COUNT - °
163

13b. TIME COVER™D

14. DATE OF REPORT (Year, Month, Day)
fFROM __1/85 7O _10/85 86=-2-14 .

17. COSATI CODES
FIELD GROUP SUB-GROUP

18. SUBJECT TERMS (Continue on reverse if necessary and igentify by block number)
Elaborations, computer documentation, human-computer inter-
action, skill learning, text comprehension, examples, selection
strategies

19. A3STRACT (Continue on reverse if necessary and identify by block number)

This research investigates the kinds of information that should be included in instructional
toxts that teach skills (such as manuals or textbooks). It focuses on an important subcomponent
of gkill learning: choosing the right procedure at the right time. Leamning to choose the vight
procedure is difficult in skills such as using a computer because the connection between real-
world goals and the generic procedures described in a manual is nften obscure. Furthermore,
when several procedures have similar functions, it is difficult to tell which one is best for a

‘Fparticular situation. In order to facilitate the decision process, instructional texts may
A include advice about when to. use particular procedures and may illustrate the advice with ex-
- L,amplcs.

The research reported here investigated the eftect of various forms of advice om
learners' strategies for choosing a procedure. Subjects read one of four versions of a manuai
for a computer game called Box-World. Three versions contained advice about when to use par-

ticular game procedures; the advice was either stated as a simple verbal ruwle or elaborated
with one of two types of examples. The fourth version cor’ iined no advice. Subjects then

20. DISTRIBUTION/ AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

kJuncLassiriepunumited I same as RPT.  (Jomic useas | unclassified
223 NAME OF RESPONSIBLE INDIVIDUAL o 22b. TELEPKONE (Inc/lude Area Code) | 22¢. OFFICE SYWBOL
DO FORM 1473, 8amanr 83 APR adition may be used until exhausted. SECURITY CLASS/FICATION OF TI§ 24
i All other editions are obsolete. =30 —= = GE
o - : unclassified

L]
. . 3 ]
A3 - n z 3 i M




19. (cont.) performed three tasks: a recall task, a recognition task (i.e., discriminating
between correct and incorrect applications of the advice), and a decision task ( i.e.,
solving prcblems for which the advice was relevant). Subjects who saw certain forms of the
advice were equally able to solve the problems correctly. Examples helped subjects identify
correct applications of the advice, but did not increase adherence to the advice during
problem solving, The results suggest that advice does not require elaboration with examples,
but further rasearch is required on how subjects interpret advice and decide to apply it.




CARNEGIE-MELLON UNIVERSITY
College of Humanities and Social Sciences

DISSERTATION

THE ROLE OF ELABORATIONS IN INSTRUCTIONAL TEXTS:

Learning to Use the Appropriate Procedure
at the Appropriate Time

Submitted in Partial Fulfillment of
the Requirements for the Degree of
Doctor of Phiiosoohy in Rhetoric

by

Davida Charney
COctober 11, 1985




Table of Contents

ABSTRACT
ACKNOWLEDGMENTS
1. INTRODUCTION: DESIGNING EFFECTIVE TEXTS

t.1. A Nots on Methodology
1.2. An Overview of the Dissertetion

2. THE ISSUES OF CONTENT AND ELABORATION IN INSTRUCTIONAL TEXTS

2.1. The Tradiional View on Conlent

2.2. Asssaich on the Role of Elsborations in Skt Leaming

2.3. The Eftect of Eisborations on Skt Performance

2.4. Controing What Typee of informetion Recelve Eleboration
2.4.1. The impiicsions of the Mesults

3. THE ROLE OF SELECTION INFORMATION IN SKILL LEARMING

3.1. Selection informetion snd Tesk Characleriedics

3.2. What k Takes %0 Follow Advice

33. Finding the Most Effective Form of Acvice: the role of examples
3.3.1. The Benen of Exampies 1or Concept and Skl Learing
3.3.2. How Exampies Aid Leerniny
3.3.3. Concepiusl Expmples end 7ask Examples

3.4. A Preview of the Experiment

4. METHOO

4.1. Overview ol the Box-World Game
4.2. Design
4.2.1. Efficlency Teask
4.2.2. Advice Recognition Task
4.3. Materiele
4.3.1. instructional Melerisle for Box-World
4.3.2. Triels {or the Box-World Geme
4.3.3. The Move tsomorph
4.4. Apperatus
4.5. Subjects
4.8. Procedure
4.6.1. Efiiclency Task
4.6.2. Recalt Task
4.6.3. Advice Recogiition Task

8. AESULTS AND DISCUSSION, PART §: THE EFFICIENCY TASK

8.1. Overview
5.1.1. A Note on the Number of Subjects per Task

- am

ERIC .

PA i Toxt Provided by ERIC

32 2 222IIR2TSRRABS S 25882V VRN

-

52.°The Utliizatior and Uility of the Advice. the Elficlency Task
53 Did Subjects Foliow the Advice?
54. Was the Advice Helplul?
5.5 Did Task Difticuity Atfect Rellance on Advice?
56 Did the Form of the Advice Affect Perlormance?
56 1. The Effect of the Task Example
56 2. The Etfect of the Concept Exampie
5.7. The Effect of the Move lsomorph

6. AESULTS AND DISCUSSION. TART It

© 6.1, Recall Task
6.1.1. Recall of Advice
8.1.2. Fecal of Examples
8.1 3 Retrospective Report on Solulun Sirategy
8 2. Advice Recognition Task
62 1. Accuracy of Declelons
62.2. Reaction Time
6.3. Replication effects

7. CONCLUSION

7.1. The Role of Elaboratics in Instructional Texts
7.2. Coals for Futurs Research

Apperdix A. BOX-WORLD MANUAL

Appendix B, BOX-WORLD TASKS

Appendix C. BOX-WORLD TASKS - MOVE ISOMORPHS
Appendix D. DISTRIBUTION OF SUBIECTS AMONG CONDITIONS
Appendi . SAMPLE RECALL AESPONSES

AEFEREN..ES

n
73
74
80

81

]
95

95

100
100
101
104
108

109

109
112

15
2
131
Y]
143
145




-

Table 2-1

Figwe 4.1
Figure 42
Figue 4.3
Figue 44
Figwe 4.5
Figws 43
Figue 4.7
Table 5-1

Teble 5-2

Table §-3

Table 5-4

Table 5-5

Tabdle 88

ti4

Tables and Figures

Mean Staps per Subject for Five Kinds of Actlons
as a Function of Version of Manual

Box-World Shuetion with Gos!

Sox-World Shustion with Action

Theee Forms of Advice for the Change Command
Three Forms of Advice for the Move Command
mnucuommm,ﬂudomyTM
Questions in the Cued-Recall Task

Insiructions (or the Advice Recognition Ta .k

EFFICIENCY TASK: Percont Correct Decisions
as ¢ Function of instruction, Appropriateness
and Oificulty (Change isomorph)

EFFICIENCY TASK: Encodin) snd Planning Time
(in seconue), as & funciion of Instruction,
Approproprigtensss snd Difficulty (Change isomorph)

EFFICIENCY TASK: Decleslon Time (in seconds),
as a function of Insiruction, Appropriateness
and Difficully {Change isomorph)

EFT'CIENCY TASK: Percent Correct Decisions
as & Function of Insiruction, Appropriatersess
and Diificulty (Move isomrorph)

EFFICIENCY TASK: Encoding and Planning Time
{in seconde), as e function of lastruction,
Agproproprigieness end Ditficulty (Move tsomarph)

EFFICIENCY TASK: Dacision Time (in seconds),
as a funciion of instruction, Appropriateness
and Oifficulty (Move isomorph)

50

51

57

67

72

76

78

87

1]

Table 61

Tabla 6-2

Tabla 6-3

v

AECALL OF ADVICE Mean Recail Scores as a
funcilon of instruction and Isomorph

ADVICE RECOGN‘lTION TASK Percent Correct
Decisions as a funclion ol ! omorph, Instruchon,
Match and Oifficulty

ADVICE RECOGNITION TASK: Overall Aeaction Times
(in saconds), presanied as a function of isomorph,
Insifuction, Match and Dilticulty

99

102

105




5 mu mmm i i} mmm mm
wmmm i mmmmw i )
i m il it :
wm..m.mm : m ﬂ.%m“ mm mm .
. mm mwmmw mmw .m mum“m m.mmmm
| HALH mw wmmmm “"mmmmmm
il sl
5 mumw wmmmm T ammm

I THITR R m,wmm“ gi}

" ABSTRACT
100004




ACKNOWLEDGMENTS

~Pheedrus

the 1esulis 1 tus ovn example.

Everyone is bound (0 bear wih pelerce

i mmmmmmmwmwm
MMMW mmwmm m
m

“mmwwﬁ N% .

tjil
i

mmmmﬁm tfi

wmma 1L

HIHITE m il

1,

mmmmm

il

gegse
nmww

LX- B
mm t

il

i




Chapter 1
INTRODUCTION: DESIGNING EFFECTIVE TEXTS

Helping writers to prodi more offective lexis Is an important goe! of both
writing pedagogy and research on document design  The sticking point in the
previous sentence is. of course. the phvase mors efecave Whai makes ons text
more efiective than anoiher? Rhetoricians know that the eim of @ discorse may be
to ‘astruct, delight, move or persuade the resder. In some sense, then, @ more
effective text simph carries the suthor's kMention further. the persussion is deepsr or
the delight is greater. This way ol looking et elfectiveness presupposes two things:
fiest, that you can isolaie exectly what the text is supporsd to eccomplish, and

second, that you <.0 meesuie the eftect ol the text on the reader

For some types of 1exi. it Is not et eN easy to dacide whet effect the text 8
supposed (o have. For exemple. Werery texis might not have eny determinate,
*intended® eitects. 80 lhe Question ol elfeciivensss may be krelevent or it may
depend enikely on which theory of ltereture the resder adopis Even when the
discourse has sn identitiable eim, the elfect 20 the reeder mey be dilficult to discern
or messwre. Argument, for exemple. aims et chenging the reeder’'s beliets It is
diificut, however, 10 Mmeesure the extend 10 which e persen has been Persueded by a
loat. since @ chansa in bellels mey nol tiweys manilest itseit in the Jeder's behevior

in o predictabie wey. of in measureble degrees

Functional documents, aspecially instructionel texis, have two Quallties that make
them particsany ecceshibie 10 raseerch on effeciiveness  Flist. funciional documents
have ! least some over., Ssterminate goals. For exemp-e, the Insiruciions fo; the
1040 tax lorm are intended 10 help psople M out thelr 1ex retwn correclly A
compuler user’s menual Is intenced to heip people iesrn 10 >oerete the computer
53, while e functional document can certainly have hidden egende. the primary goals
ol the document are usuely quite explicit  Second, functionel documenis have
observable 21d measureble effecis On their resders. Alter reading the text. peof .
shoul’. be ebie to do something that they simply couldn't d> belore (or couidn‘l do
as wel)'  Therelore. it is relatively eesy to decide wheiher a functional text is
otfucusin, or which ol two functional texts is more effective An effective text heips
pec,de learn 10 do something. A more effective text helpe people isarn 10 do that
something more eeelly and quickly. with fewer mistakes or problems  Beceuse
functional texts have these qualties. I Is possible 10 expiore the (eatures that

distinguish effective texts from ineffective ones. .

My longterm goal Is 10 develop principles for deciding whet 10 say and how
much 10 say in en instruciional text in order t0 tesch @ skill mosi effectively  For
the purposs of this work. | will mit tha term nsirucuonsl text 10 include such texis
as geometry textbo ks end cOMpUler USer's manuals, which emphesize ki
performance end problem solving, but exclude 'exts such es history books and
newspaper artcies. which place mor) emphesis on the acquisilion and synthesis of

inlotmation. An imponignt assumption of the work is that princCiples Inr designing

'Obv-ouw. scquiting 8 kil in any uus sense requites 8 giesl dest of Nisthend ezperience
L 9 the principles andd procedures In verbal form is @ common and
almost ingispensable list siep, 89 Andarson (1983) polate oul

———
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instructiona’ texts must be grounded I a cognitive model of what information people
nesd 10 perform ihe skl and how they uUee this knowledge 10 coNsiruCt and refine
now meniel procedures. This wark therefore draws heawly on cognitive psychology
for Wheories of text processing and okl feeming and for experimentsl methods
owiusling sl peformance under diferent lseming condiions (ihat le, how wel
resders can perform new skilin aher studying G rent insiructional texts).

1.1. A No on Methocology

n recenmt yeurs, there has been a3 movement away kom analyzing texis es
iscistet enifacts and toward viewing lexis as pert of a compiex relationehip among
he wwiter, the reader, the exiemal shusiion being writien sbout and the text that
Geeoribes i (0.0.. Young, Becker & Pie. 1970: [Onneavy, 1971). This movement has
influenced the way in which 16xts are eveluaied; more and more, the iniended reader
s being incio ‘ed in the process. One exampile of this rend e the growing popularity
ol holistic scoring for eveluating writing abiiy. Many people believe that hokisiic
scoring s more valid than so-callad aneiyiic Messured DECUse it 90eks a natwal
re0ponee 10 & 40t from a reader (Chamey, 19048). Simiiarly, more and more wrilers
ol fun:donal documents e taking the seneible step of seeing what a + ical person
aciually lesme from reading their documents.

Userdosting (or the “user-edi.® as Ades, 1960, lermed it) has been an imporant
development for both resesrchers and praciitioners of documeni design. By observing
mmdmmnmmomwmmom'tm.
wrilers Qain valusble information about where the document works and where it
dosen’t. Wih the addiion of thinking-sloud prolocole {(ss uescribed, for example. in
Swaney, Jenk, Bond & Heyes, 1901. Sullivan and Flower. forthcoming: and Charney.

1984b) user-testing can also suggest causes for the problems and point to possible
solutions.  Repeated cycles of tesiing and revision can result In highly effective

documents.

The primary goal ¢! user-esting is to make individual documenis more efleciive
The primary goal of this diaseriation, however, is 10 develop general principles for
creating effec & Instructional texts. Consequently, this dissertation sets the user-
tooting approact within an experimental tramework. By Sysiematicaly controlling the
features in various versions of a text and comparing what reeders learn from the
diferent versions, we can gain a Detic - understanding of which fealures are most
important and why they have the efiect they do.

This oOtssertation is related both 10 cognitive peychology and 10 the work of
instructional design theorists such as Merril (1923) and Reigeiuth & Siein (1983)
lnstructionat dnlgm-u have developed a family of theores about the Lest forms of
instruction. Like cognilive psychologisis workine in the Inlormation processing
paradigm, insinictional designers begin with a detalied enalysls of the lask thet
learners are 10 perdorm  The objectives of ihe two approaches ditfer. however.
Information processing models aim at describing how people naluraily go about
soMng problems In order 10 Muminate human mental resouwrces and capacities
instructional design theories aim at guiding learners 1o solve problems in the optimal
way. So, after seling weli-de'ined performance objeciives, an instructions! designer
selecia, elaboratea and organizes information in ways prescribed by his or her thedry
o create insiructional malerials for achieving 'iose objeciives. In this dissertalion,
the imerests of composition teachers, Insiructional designers and  cognilive
peychologisis overiap: In order to teich people 10 wrile eHeclive funcllon.l texts, we
can benefit from research on how people leern as well as research on oplimal forms

ol Instruction.
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1.2. An Overview of the Dissertatior

The reesarch In document deeign thal has adopied sn exgerdmental methodology

hes mainly focused on two sorts of goals: making the information In the text easier
0 find and meking the injformetion eesier 10 understand. So, a great desl of
dooument design work has cemersd on probleme wih technicel languege or on g
concermns Wke he role of tables of conlents and indices, or page layout and
- typography (e... Wright, 1977, 1978, 1983; Dwity & Kabence, 1982, Kieras, 1985;
) and resesrch reviewsd In Felker, 1900). An imponant lssue thel hes not feceived
onough atiention ls the lesus’ of information content. What kinde of Information
should an Inewructional text incilude? How much should be expleined 8nd what form
should the expilanations or eleborations take?

i ] This dissertstion s pert of a larger research project thet focuess on information [
content 8nd,"In perticuler, on te rols of elaboratione In skil learning (Rede:, Charney
& Mogen, In press).. Chapler 2 begine by presenting the Wadional view of
infonaalion contenl. ¥ then reviews resserch *1iat points 10 8 more complex view of

mmummm.u@nmmun_wm&,

focus s on an impontant subcozonent of leeming & ski: leaming to choose the

nght piocedure at' the right ¥me. Chapter 3 inwroduces the problem of selecting

sppropriste procedures, why this s sn imporiant problem and how advice and

eavmpled In en inswructionsl text might help people lesm 8 selection strategy

Chepler 4 describes the experimental method of the ressarch study on advice and .
‘oxamples. The - aults of the sludy are presented and discussed In Chapiers § and

§. Finally, Chapler 7 presenis some concluding remarks on the impiications of the

ressarch for document design, including goals for future resesrch.




* Chapter 2

THE ISSUES OF CONTENT AND ELABORATION
IN INSTRUCTIONAL TEXTS

In this chapier. | will sheich the wradiionsl view on the content of Instructional
MNMM‘WMNMH\MW. Alter
preseniing s0me reasons for doubling this Wadhional wiedom, | witt Lrielly review
some experimentsl rusearch that .leads 10 8 More compilex view: thel eleborations are
wmummammmuummd
ol loarning..

2.1. The Traditional View on Content

The Wadiionsl view on content js thet sn inswuctional text for novices should
_ easume Mo or no prior knowiedge. ThC text should be se complete and as explich
50 possibie wih detaied explanations of every relevent point. This point of view e
heid Dy writers of boih textbooks and inewuctionsl manusls.  Teueworihe (1979), for
exsmple, oulines seversl levels of detall for documeniing compuies software. The
Nighest tevel of detall is called for In what he lsbele “Class A dacumeniation,” which
he describes a9 lolows:

generally
{Tovewonhe (1979), pp. 158-180.]

12

Tois Is & good statament of the traditiona) wisdom  Bul. s It ofien happens,
there is good reason 10 doubt the tradillonal wisdom For one thing, raal computar
users apparently don’t ke to reed long. delalied insiructional manuais Thay'd rather
asik someone 10 show them what 10 do of try o figure R out themseives (Scharer,
1963). Furihermore, PhoM and Andecson (1985) have observed that even when the
b;rm do read the texi, they draw on relatively Mitle of this information during 1ask
performance. So from this point of view, providing complete and delsiled instruction
seems of Mtle praciical value to the learner.

A second reason 10 doubt the traditional wisdom s provided by research in the
factleaming domain. 1n a series of ten experiments. Reder and Anderson found that
subjects who studied a full lengih lonbook. chapier performed worse on
comprehension anc /ecall tests then subjects who had studied summaries (hat were
onefifth as long (Reder & Anderson, 1980; Reder & Anderson. 1982 Aliwood,

Wiksrom & Reder, 1902, Reder, 1982).

Reder, Chamey & Morgan (1984, and in press) explain these rather surprising
resuts as a combination of,iwo phenomens, one involving encoding and 1he other
retrieval. The encoding phenomenon s the wellkknown Total Time Law (Bugelski,
1982; Cooper & Pantle, 1967): The mors time and aftenlion a person spends
mdying & particular fact, the beiter he of she wil lean . So. reading elaborations
in the text diverts lime and aliention away from the main points. On the other
haiid, studying & summary allows the reader to devote full atiention 10 exactly those
poinis that need to be remembered. The encoding phenonmenocn Is not ihu whoie
storv, however. In one study, Reder and Anderson (1982) equated the total t.me
subjects spend studying the main points. The subjects in the elsborated group spent
oxus tme studying the elaborallons. Presumably, the encodings for the main points




hmeoMmmMMmmelmum
amount of tme sudying them, but there was silil a signiicant advantsge lor the

summery group. So. the hendicep of the elaboralions seems aleo 10 invova a
second phenomenon, reirieval. When the leaner Wies 10 reirieve the main poims of
8 ot from memory, the eleboralions cause interferance (Anderson, 1974; Reder &
Anderson, 1000). ’

The findings from the fectieaming domain suggeRt thal elsborations hurt
mmmmwwb»wmmmmm
of @ text. But what happens when the goel is 10 spply the facts, 10 uee them to
solve probleme. 88 (n skil lsaming? We know thet learners don’t ke having 1o rely
On compuier manuels, but it's an open Quesiion why Compuler manuaie end other
instructional lexts are 30 unsatielaciory. X could be that such texts fall 10 Wve up 10
the tradhiong) wisdom: that s, they aseume 100 much prior knowiedge and 90 don't
mmm.o:rmumwmmmm;mnm
wiat disracts atiention awey Kkom Whe seseniied facts; that s, the advaniage of
summaries might apply even in the sikill jeaming domain.

2.2. Ressarch on the Role of Elaborations In Skill Learning

To test whether elaborations help or hurt skilt learning. we conducind a etudy on
the user's menual for the Disk Operating System (DOS) of the IBM Personai
cm(btammmwdmm.mm.m&ﬁwmn.
1964 and in press). We rewrote pan of the originel IBM manusl (Anonymous, 1963)

10 include the clesrest anG most releva. 4 elaborations we could think of, such as

detalled explanations, snalog 88, metastatements, examples of commands, and s0 on.
This “elaborated® version of the manual came (0 about 40 pages. Then we created

a8 second. °unelaborated® version ol the manuel by simply deteting all of the

elaborations. This manual came to aboul 12 pages.

Eighty novice computer users were given up to an hour to read one version ol
the manual and were toid that the manuai would nol be avallable (o them afier the
reading period was over. Aher the subjecte reed the manual, they were asked 10
catry out 8 set of lour ordinary tasks on the computer: renaming files, creating
subdireciories, copying ana deleting files. and sc on. As the subjects worked. the
computer kept a record of every command they typed and the time al which i was
ontered. The measures of how well subjecte performed wete whelher they were abie
1o do the lasks and how efficlently they worked (e g.. how much time they took and

how many commands they issued). ’

HeM of ne subjecte. the ‘Cefore® group, were given advance information about
the (asks they woro. going l? periorm, belore they read the manual  The °After®
group saw the task Instructions only afier they had linished reading the manual.
This manipulation was inciuded in order 1o simulste two common leerning siluations
Sometimes Iserners have explick goals in mind and turn to instructionai materlals
spechiically to find Information relevant 10 ihose Qoals Al other limes, poc;ple come
fc learn a new skill with only a genera! idea of how they wili meke use of what they
learn. We speculated that elaboralions pruvided in the text might be less valuable to
the Before group. who could presumably generate their own task-speciic elaboralions

while reading.

We found that the version of the manual did not allect the number of tasks
subjects could complete, suggesting subjecie could learn enough from any of the

manuals to complele most of the tasks, providing that the lime for working on the




asks wes not restricted. Mﬁ.mwmmmhMMNMa
worked. Subjects performed better ¥ elaboradions wers gvaliabis, either elaborstions
In he text or elaborations thet they generatied Ihemesives based on sdvancs
knowiedge of the tasks; they were ester at performing the tasks & ° lssued lfewer
conwmands. However, having elther ane of these sources of elsborations was
sulicient: having both elaborastions In the text and advance knowledge ¢id not boost
petformance above one of 1hess sources sione.

For some measures, we found thet the shori;, unelaborated manual worked well
for subjectks who hed advence knowiedge of he tssks. However. the results n
Qenersl support the idea thal manusis should contsin elsboration.  Resllstically, we
can't assume that ol leamners will come In with suth clesrly defined goals as Whe
Belore group subi'cte. i fact, the worst performence alweys ceme from subjects
who hed no_sisborasions avelisble, l.e., subjects who siudied the une’sboratsy menusl
without advance knowiedge of the tasks. On belence, e leamers were impeded
more by the under-elsborated ierts then the more goal-directed feamers were by the
over-elsborated version. At this point, then, thu best siralegy would seer 1o be o
pley & sele ind provide eleborsied inviruction 1o ol leamers.

80 1hese rosults seem 10 SUPPOTt the Iradiional wisdom of ghing novices
compieie explanations of ol e relevant poins. Umorunately, we can‘'t lay the
Question 10 rest hers, since Carroll (1985) did a falrly simitar study that produced
confloNng results.

wmmmmammmmmu
he so-called Minimalist (hilcsophy.  Jeeigners of so-called “minimaliet tralning
malerdals® proceed on the ascumption that hetructional caaterisle should actively
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ancoursge discovery lesming by providing 89 little prose ss possible  Carroll put 1his
principle into practics In e lutorial manusl fof & commaercisl word processing system
the IBM Dbpuy\mno‘l System) and produced 8 ;evised manusl thet wss one lourth
the lengih of e origingl. Carmoli's principles for shonening the manus! Included two

major stepe. Firsi, e cut cut everything he considered irtelevant to the tssk st hend,

...alimingting all repeliion, all summaries, reviews. and gyactice ®xsrcises.
the index. and the troubleshooling sppendix. ..AN matsrial not relsted to
doing offics work was eliminated or radically cut down (the weicome to word
processing overview, descriptions of the system status lne, detsils on the
system components..., sic.). (p 8}

Canol's second 3sp was to lake what was left. the releveni informstion. end

delete peris that he beNeved lesrners would be able to figwre oul on their own R

Procedural detslis wers deliberalsly specified incompletely to encouisge
wamers 10 become mors sxplorstory, and therelore, we hoped, mors highly
motivaied and lavolved in the leaming scivity (e.g. the function of the
cursor step-keys was introduced with an invitstion to ‘Try them 1d see )
{Corrod, p.6} -

Carroli's manual wes tutorlsl in the senss that ders wete expscisd to ftry

things ol as they read about them. After giving some subjects the minimsl menusl
and oiher subjects dhe original manual, Carrol found two things: first, subjects whe
worked thvough the minimal manual lesined the basic information more quickly, end
second, when thess subjects went on to study advenced techniquss. they lssinsd
more of thess techniguss mors quickly than subjects who worked with ths originsl

materials.

Carroll admits thet this effort st designing minimalist materisis wes sxplorstory
For example. as a result of preliminary tssiing. hs found he hed to sdd In soms
explansiory sactions ss well a3 some procedurss that subjects ~ctually couldn’t ligure

out on kel own  Furthermors, Carrol made other chengss to the manusl In
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- discussion sround typicsl siiustione for users. % Jo thereiors uncertain how much ol

he superiority of the minimalist version js due 10 length and how much to these
other changes. However, in the mein Casroli'e findings support the minimalist position.
having lees to reed ied 10 cquivelent or better leaming &l 8 fasier overal 18’y

Nelther Carroli'e study nor ours allows us 10 generslize 3bowt whether of not
elsborations should be included In ¢ loxt. We have no Systematic basis for
contrasting the kind of eleborations 8 Oow manual to those In the original
WM.&ndm\mmlnddm-nmemmo
wmmmmdmammmemwo.n&om
know exactly what our eleborations did 10 improve subluct peric-mance, 30 we cant
predict what kind of elsborslions sre worwhile. The work | will describe now
pursues both. of these questions: wha: types of elaborations are necessary and how
they affett the user’s behavior at task.

2.3. The Etfect of Elaborations on Skill Performar:e

The subjects In our experiment who studied the slsboraicd manue’ compisied the
tesky In fewsr siops than subjects who saw no elaborations. There are two major
ways in which the alaboraons might have heiped subjects perform the t1esks more
officlently. First, elsborations mey have heiped subjecis construct more efficient £lans
for acoomplishing & task. Some elaboraions In our Manusl geve advice about when
10 Use shon-cuts (such as wikdcard charscters). I thess elaborations Meiped subjects
temember 10 use he shortculs at the sppropriste Hmes, then subjects who read he
oleborated manual would be able lo comp'ste the tasks with fc ser corwnands. The
second sree In which elsborations may 1. .ve helped s 10 genarate syniacticaly

cofrect computer commands  The elaborated manual contained many 6xampies of
syntacticelly cofrect commands and detailed explenations of what the notation meant
These elsboretions may have heiped sudjec's remember the names and the syntax of

the commands end formulate syniacticelly correct commands more easily 2

We investigated these aiternatives b analyzing the kinds ol commands subjects
issued end the kinds of misiekes iwiey made. These data were avalieble fro.a the
fecords or “on-lirs protocois® of the subjecis’ interactions with the computer The

commands V. the protocols were sored lnto fve categorics:?

* Produciive moves: syntactically correct commands tha' cerry out a “target
action” or that enable one.

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

¢ Exscution #frors: COrWnands that contaln one or more syntectic errors

* Goal specificafion errors:  wrong command issued of fakiuze to perform a
prerequisite action  (The subject may have had some misconception
about current state of the computer or the capabiiities of a command )

¢ Recovery movel: commands to gain ‘nlormation after an error of to undo
undesiced effects. ‘

it Ja important to note that recovery moves are not simple corrsctions of syntactic
orory; recovery moves efre efforts ot problem solving to diagnose syntaclic errors

{such as uuron.olno the elements of the commend lne). as well as e*orts to figure

——

P ol sy ' cortect d9 mey help in olher wiys than iHustisling the commend
Seeing o variely o' examples depicling difereni spplications of @ comi end mught miso M8l
foern mor® aout the funcion of the command or when of In whet cHcumstences 10 apply it

of pies wes nol 10 out Manusl, HNCE MO COMMENDS ware Husiraled with

ie

one axample

i

i

s

o, p is for 20 weie y hal had studied the Elsboreird version of 1he
manusi and heil the Uneleborsied version AN of the subjecls were in IN® Aler congilion (1. none
80 hed advance knowiedge of the tasks)

o ———
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out what effect & command .ed end 10 Undo any undesired consequences (such as
TABLE 2-1

deleting flee that were copled 10 the wrong locadon). Any eyntactically corfect

commend thet achieved $ (aQet action was clsssified as e productive move. Mean Steps Per Subject for Five Kinds ot Actions
as a Punction of Version of Manual

rogerdiess of whether & wes preceded by an incorrect ettemm:.

om«muwmmmmmmm-&m ’ Elaborated Manusl Unelaborated Manual
the ervors people make whils performing tasks on the computer, for example Riey &
O'Melley (1384) and Sebrechi, Galembos, Wagner, Slack, Deck and Wiker
tlonhcoming). These coding systems differ in some important reepects; for example,
only our sysiem examines the rlave diskintlon of droductive commands 4nd
different types of errors. However, »* three systems dietinguish between gosl settng
probleme and probleme of execusion.

Productive Moves 27.7 steps 33.7 steps
Verification Moves 11.0 12.3

' Bxecution Rrrors 9.5 20.2*
Goal Specif. Errors . 7.3 13.5
Recovery Moves 11.3 0.8

Table 21 shows the dlewributon of the ive types of commends for subjects who | ;

aw the dﬂ.nrmd manual and , -
Wojeck who saw \v. unelaboraied manusl.  The #Contrast is significant at the .05 level

m—

nuroes of steps for producive and verificalion MGves were essentially the same for
the two groups. N the eisborations Fad heiped subjects invent moce efficient solution
sirstegies, then we wouk! have’ expecied the elsborsied Qroun to have needew fewer '

productive moves. But this was not the (=

The Werence in behavior between the two groups appears in the final thiee
calego ‘a8 (' commande. Subjects in the Elaborated condition lesued lees than hall

%
20 meny commu:nds that comained syntaclic errors 88 subjects in the Unelaborated . 1
condon, (18)226, P<.05. About the seme ralo held for goskapeciication errors ]‘
und recovery mowas, but only e conirast lor the recovery moves was significant, I
(18)=2.3. p<.08 So two things that the elsborations sesmed to help subjects do |

were 10 learm 10 generate comect commands and figure out how to fix bad ones. '

- 2. - . . 4
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Meder, Charney and Morgen (in press) tets these reeults imo e bigger picku. of
whet peopie hw © 10 jearn in order ic *we & new amt of procedures, Nke those in o
compuier nanual. We concelve of good sk per’- ence -on o novel tisk e
.oquiing mester; of ee SUD-Components:

1. Agprecieling the mesning of novei concepts and procedures.  For
example, what ) ¢ subdireciory, whel doss it mean lo copy & Mis?

2. Remembering W9 procecurss and undersiending how 10 execule them in
a specific shustion. For our task domein, this wolves remembering the
syntacic rules and using them 10 20Nerale COMECt commaends.

3. Remembering 10 use the most appropriste procedure for the situation et
hand. When there s more then one way 10 do whet you want, you need
20Me 20lecion rule or SNBNQgY.
mmmmwmmmmmemmum

reinforced by tinkig-aloud protocol deta, the resuts of the’ snelysis are 3t quite
suggestive. The advantage of the eleborsied Qroup seems ‘10 be in the second
subcomponen: knowing how 10 formulate commande cortectly. recognizing what was
wiong in eyntaciicily incorrect commande and figuring ot how the computer
inlerpreted the Incorrect comenands.

" Now the Information in the menusl can concern any of these subcomponents:
informanon aboul what commands we avelsble and what they do, information about
how 10 lesue COmect CoOmmMends and advice cn when 10 use one command rather
then snother. But some of the eleborations in the manusl seem Much more relevant
than others 10 lsaming how 10 formulate correct commands.  Presumably, the: most
relovant elaborations would be thoss thet reiste directly 10 the command notation and

" wose thet gve sxamples of comect commands. ¥ the only adventage of the

olsborated version *vas in heiping pecple learn the commend syniax, then perhaps
only the elaborations relevent 10 this 10pIC wer™ Necessary in the manual.

A
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2.4. Controling What Types of Information Receiva Elaboration

in order 10 test whether the syntectic eleborations were the source ol the

difference in subjects’ per: we ducted enother siudy In which we

systematically controbed the evallabliity of the siaborelions by iype (egein reported
more fully in Reder, Chamey & Morgan, in piess). Wa siarted with the elaboreted
manual we had used in the previous experiments. Then ws clessified the
elaboralions in the manusl according 10 whether they concerned “conceptuel” of
*syntectic” informailon. Elaborations were classitied as “conceptuel’ if they
concerned basic concepls, such as the purposs of e command of when to use it
Elaborations were classitied as “syntactic’ H they cr :erned h 1o Issue commends
correctly {e.3, examples of commands, detads about notation conven.ons, eic) By
croesing 'hees laciors. we came up with four versions of the manusi; one Zontained
both concsptual and syntaciic elaboretions, one comteined just the conceptual

slaborsiions, one just the syniactic ones end one conialned neither type.

The purpose of the classdication v/as 10 separele out information ebout syniex
from other types of information Two caveets ere in order. First, although we have
classed “lunctional® Information atout the purpose of a command ftogether with
“selection” Informetion ebout when 10 use & commend, this should not necessarily be
taken as @ theoretically mﬂcam grouping In fact, the research 1o be described in
thie dlesertation will attempt 10 sort out the role of selection informetion. Second. we
have classed examples of syniaclically correct commands as syniax elaboretions As
noted above, such exampies may have oiher benelits relating 1o leerning the funcilon
or sppicpriate spplication of commands. To the extent that subjects need additional
elaboretion for these funciions, we would expect the “conceptuel® eleborations 1o

improve performance. Il the syntax exampies also coniribute heavily to these
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funciions (a8 opposed 10 the syntax funclon we have postulated), then we would
Mummmmmmuw.

in this experiment, hal of our subjects wers experienced compuler users and half
wers novces. We expecied 1hese Groups 10 have complemeniary neede a3 far 8 the
conceplugl elsboralions were concemed. Experivnted compuler Users  aieady
undersiend the genersl Conoepts behing compuler :yelems.  They need 10 know what
MmMMommMMMNMuﬁmw
sleborsions on concepls they alresdy understend. Nowices however lack & clear
concepion of whet .0 COMPUIr OPErMiING system cen do. We expecied them (0
benelit from fuller explanations. On the other hend, we expecied axperienced
compuier ueers and novices ailke 10 benelt from elsboraions on the command
Oyl.!ll- Experienced compuler users are probably betler af pansing the abetract
symectic ruigs that are found in most computer manuels, but both experienced
COMPUIr Ueers and novices should be better ot formuleling correct commands
themeolves ¥ they have seen examples of correct commands. So both groupe of
sbjecks should benefit from elsboralions sbc-+ how 10 leeue syntactically corect
commend.

Not surprisingly, we found that the experienced compuler users performed much
betier than the fovices On eviry Measure. However, we didn't fnd that axpents and
novioss needed elaborations on dilferent types of information. instead, both groups
benefled from the sytax eleborslions; When the syiax eleborations wers svallable,
subjects worked signiicandy more quickly and leeusd signiicanty fewse commands
en when they were absent. In 0 case did We conceplusl elaborations seem 10

have any effect whalsoever.

e
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These results provide siriking evidence thet users beneflt from exire information on

how o 18 p d boih nxperi d end novk puter users pertormed
P der with such elaborstions then without them  The fnding that the cocceptual
maborations wera ussiess even for the novica computer users wes 8 bit surprising.
However, & seems prematws 10 conciude the' we never need to aelaborste on

concepiual information in instructional texts.

2.4.1. The Implications of the Results .

My goal In this dissertation is to considrr furthes the question of the conceptual
elaborations, In particular those that corcarn “sefection® information: when to use
particuler commands or how 10 choose between similar commands Thers are severs!
possible axplanationis for why elaboretions on selection Information falied to Improve
performance while syntex elaborslions succeeded.® Let's consider thies plausible
sxplanations. Fust: it is possible that both types ol elaborations reslly are usetul,
but te selection information happened 1o be krelevant 10 the paniculsr tasks in this
axperiment (Le.. deciding smong the plausible commands for sach task may heve
been irivislly simple or the seleciion of ons crmmand over snother mey nol have
deastically improved of impairud afficiency). if 30, then i shouid be sasy to show thet
elaborations on selection information Improve performance whene > tesks require’

carelul choices smong commands.

A second aexplanstion shifts the blame from the lasks lo (he ~isboretions
themselves. Supposs (hat the sclection Information feslly was relevant (o good

pedormance on these lasks (i8., the choice between commands wes hard of would

“The wgumenis developes in this section locus on It but 9
o can be loped lo¢ *lunctl b o woll

Qo




A ERT AN

i Y ORARDT
.

o
«

have affected eiiciency). but subjects couldnl figure out how 10 tske sdvaniage of
this Informesion and the peniculer elsboraiions in the manue) happened not to be the
most eflectve Wind. As a resull, subjects falied 10 make gOod use of the selection
information, whether slaborations wers avalisbls or not. However, i the manusl had
conisined Detter eleborations, then subjects would heve been able 10 expiokt the
selection Informetion and their performence would heve improved. In this case. the
wick 18 10 find the right Mind of elaboration.

The third and most intersesing posslbility is that the results of this swudy should
be tehon ot 1600 vaks~: there mey be different types of nformelon, only some of
which need exteneive elaboration ' ineirucsionsl menusle.  informetion sbout how to
Qonerale synieciically ComMect compuier commands would then seem 10 be a type et
Denele Kom elaboraion, Dut selection informeNion s noL N s Case, we should
never find Improvement for subjects who read selection eleborstions, no matter whel
the eleborssions 100k ke, oven when the experimentsl ixeke require carsiul selection
among commends.

Notioe that 1heee explansiions oS ¥res festures 10 COnol whether elaborations
have & chence 10 improve perormence: the tasks must be Ons for which the
informetion ‘e relevant, 1he elaborations Must be the right kind and the information
must be & type thet benels from elsboration. Esch explanation sssumes thet &
Gierert 5ne of these Wvee fesiures was missing for the selection information in our
operiment. N s Inleresiing and Important 10 find oul which explenation le correct
becsuse they heve differsnt implicelions for witing effectve manusis. |t seeme
imulively obvicus that writers wil aiways heve 10 consider the (asks thels readers wit

8

periorm and that they must aiways choose eiaboralions clnlul-‘y’ However, it ihe
third explanation Is correct, then there is an additional featura. Information type, that

may help writera decide whether or not to elaborate some point in a manual

2et's begin by following out the impiications of ihe fUst and second explanalions
SUpposs that fo any given kind of information, we can aivays find a task for which
pertormance s improved when the right elaborations are avallable Then, In ordar to
decide wheilher of not 1o alaborate a poinl, witurs never need lo consider what kind
of information the point js. but only the relative abundance of tasks for whick that
Information I relevant. For example, suppose that thera are tasks on the IBM-PC
for which selecting the most appropriate command is cilficuk and making the right
choice Qreatly improves the efficiency of tha soktion If these “selection-critical®
tasks or pituations are faily Common, then selection lnformation should be included in
the manusl 2 iwelp_ the computer uer pick the best command. On the other hand,
these situalion right e relatively rare. That is. the tasks we chose for our
experiment may have besn highly represeniative of the tasks most people perform on
the IBM-PC most of the time. Then W might be safe 1o cmit the selaction
slaborations and inciude only syntax elaborations. as we did in one of our manuals
n short, # we can assume that any type of informalion can benefit irom efaboration,
ten  writers only 'nud 10 worry about the distribution of tasks for which ths

information is relevant and Hinding the right elaborations.®

‘uonm. fose, Dean & Dory (1335) provide 10Me espenments! evidence st sven for ihe “gynias®
typs of information (10, how 10 esecule o proctdwe), Whe level of mesl be
cnosen; 100 Hne o degiee of detasl only conluses e learner.

.Undov NG analysis, e 10a80n why syntar elalJa/stions 816 10 Neiplul IS Nel no matler what 1ask
you My with 10 ubs & COMMAAG 101, yOu will dlways nesd (o Rngs Now (o gensiats the command fine
corectly.
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On the other hand, ¥ he third explenstion i§ correct, then k's not sufficlent to
consider the tasks and the quality of the elaborations. Wrilers must siso consider
the ftype of informesion. K& would be very heiphdl 10 know in advance that syniax
information is & Iype that beneiis irom elsboration but thet selection information is a
type thet dosan't. Then weiters need never worry about nding good eleboriiune for
selection (njormation; they can shways lsave selection information unelaborated no
matior whet the tasks are She. Thers might sieo be cther types of information Ihat
o not benelt from elsboration. So, N thers I8 reseon 0 belleve hat the third
oxplanstion is comect, then our research siralegy should be 10 explsin why syntax
informesion differs irom selection informesion in this reepect and attempl to predict
what other types of informelion will benelit or not iram elaborasion.

The ressarch reporied in the following chaplers asempts 10 sort out these
WUMMMMMUOM«NM:;M .
seiocion information and provicwg diferent types of selection elaborations.  The ]
experiment is describad In detad n Chapler 4. First, however, Chapler 3 snalyzas . .

whet is invoived in seleciing a prooecure and revicws felated research.
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Chapter 3

THE ROLE OF SELECTION INFORMATION
IN SKiLL LEARNING

This disserisiion focuses 0n the iest of the thres subcomponents of skl learring
presented (n Chepier 2: how pecple lsam 10 chooss eppropriste procedures for
soMing o probiem. This chepler begine by considering the problem of nrocedwa
seleciion and whet kinde of tasks require siwalegies for seiecting & procedurs. | will
then coneler whet information In an instructional fext might be relevani for leaming
- such orslegies and briefly raview what work hae been done In this sres.  The
se00nd part of this chepiar desie with what instruction on selection should look ke,
foousing in penicular on the role of exsmpies. The chapter concludes by previewing
_how the experiment (0 be réporied attempied ‘10 menipuisie the features of task and
quality of elaborations that vwere described at the end of Chapler 2.

3.1. Selection Information and Task Characteristics

The experdiments of Meder, Chemey end Morgan (In press) and Carroll (1983)
MM“M’MMM.O‘!NMW“.W&“
procedures thet can be combined 10 achieve 8 wide vadety of goals. In ihis

10000Ct, foaming 10 USe & COMPUler operaling sysiem OF a compuier text editor Is .

similer 10 leaming how %0 cook. A Qood cook knows how to use some basic
procedures, such s saulesing vegeisbles or making & while sauce, 10 prepare a
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wios vanely ol dishes Similarly the commands in & typica! text editor can 0@
combined 10 serve gcals 28 diverse as wriing Compuler ([ ograms wauling poeiry
doing daia anlry. and so on  Just as someons who Is skillad in cooking can
combine thie basic techniques 10 achieve new culinary delights without depending on
n“todpo. 30 a person skilled in using a compuier must Le acle to select and

combine eppropstate procedures to achisve his or her own goals

The wide range of passible goals for using a computer system (or learning some
comparable skil) has a profound kmpact on the content ol the typical instructionat
foxt. It woulks be aificult il not impossible to explichly sddress all the goais a user
might adopl.  Consequently, most computer manuals describe the commands and
procedures in the abstract. 30 that users can apply them 10 whatever goals they may
havo adopleuy at the moment. Cne common tesult s that new learners develop
“junctionsl fixedness’: they associate a command with whatever gurpose they first
used 4 for and forget that the command may have oihel valuable uses Another
common ‘esult is that people finish reading a description of a command without
having the siighitest clue 83 10 when they'd ever want 10 use it Even whan thete
afe examples of how to use the command of procedure. at best the exampie reflacts
3 guess about what the most typical use might be. and at worst the example Hsell
is arbltrary of formal. For example, in the 18M manual for the Disk Operailng System
(Ancayimous. 1984). the commanc for renaming a fike ls Wusirated with the following
example: *The command: RENAME B8'ABODE HOME tenamaes the fils ABODE on drive
8 to HOME.® Comgputer manuals sre not the only Instruciional texis to present

arbitrary of generic ies, of ) Tive problems that students work on in

math classes of even writing classes oiten beat Ntile resembiance to the real world

problems that they wil need these skills to solve
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for a given slustion. They alec nesd 10 know how individusl procedures ialate lo
mw.nmmmmm.mmmmomm
mmmmmmamlnmummmm
for informelion in an inewructionsl text that aime ot salelying eiher of these needs.
The Question is, 10 what exient should selection information be elaborated in the
oxt? mwmmnmmwmmm
* can be conveyed wiih ilie or no elaboralion. One Qoal of the dissertation is tc test
the generality of thet result.

IUMMMM%MUMMMMW
muummumnm-mumu-ma
w..mmmm-mmadmum}uo
warlety of gotle, he goel of an aseembly task O an opersiions lask e faidy fixed.
hnmlﬂ.annmnwwomw.m«oho
3pecific Whing thet the pleces sre going 1o form. in an operstions task, such 3s
leaming 10 operate & radio set, thers mey be seversl different operaing procedures
nm.ummummummmmw.mm
procedure for the most pen hes @ dlinct goel. Because the gosls are more
definke, the descripions of the procedurss Can 8ieo be more speckic. In’ some
mmmummum‘o«mmnmmmmu
folowsd exactly. il ihe procedures a/e sulficiently compiex end detailed, leamers
might never expect 10 wcrk incependenty of the lnsiructions, such 88 pllots who
foview printod check-lets each tima they Ny in coniast, once leamers know how 10

wuwwunmm.mmmmmnmwmmmtmmnmm
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solve some unexpsctsd problem of for en 0. casionsl iomunder  For these reasons,
the ebillly 10 select an appiopriste 9rocedu.e for the tesk at hand s mucr. less
importar: in assembly of cperelions lesks then in lesrning o system of “mult-
purpose® procedures. The Instructional materials for sssembly and op@ration tasks

probably don't nesd selection information.”

The work that is relevant 10 selection information hes thus far besn sperse.
Thers lo some eerdy evidence from Smadsiund (1968) that without any instruction,
pecple can develop consistent and efficient srategies a3 they work through @ series
of problems. Not surprisingly, Smedsiund found grees individual ditferences in the
quality of the siralegies. Other studies suggest ihat you can irein people to use the
stralegy you went tham 10 use (0.g.. Reder, in press; Stenbeig & Ketron, 1982). In
these siudies, the task Instructions told the subjects which sirategy to use. either for
the whole experiment or for each Individual problem. The situalion | went to look at
he- I8 o bit dilferent. Wnat I'm inlerested in is advice that teils people ‘Use
procedure x only when you afe in sHuations that heve such-and-such characteristics,
otherwise use procedurs y.° The question ls, when pecple see such advice end
then afe presenied with a range of ditferent sHuations, can they pick out the ones

with the right charecteristics and wit they use the advised procedure?

This kind of advice is obviously very task-dependent; advice is much more limited
than the general problem-soMing heuristics thet Polya (1957) of Newsll and Simon

(1972) were interested 5. Advice is much more clossly reiated to the seiection rules

Tiiorss (1088) and Smith & Goodmen (1802 provide Interesil ! hat
Insliuciionsl tesls for essembly and opaelon lasks Co Senstit tom 2 atsrgnt typs of intermation
*how R works® information Kierss sigues et knowing how ihe peris of e device intersct helps &
loarnes lnfer procedures for how 10 put N logether or opersie R



from Card, Mcisn snd Newell's (1983) model of 1ask performance. Card. Moran and
Newell studied experienced users of a compuier fext-edor that offered two basic
meihods of moving the cursor: soarching for a specified siring of characters of
moving the cursor up o down a Wine of a Hme. They found thet the users had
identifisbie selection ruise ‘or choosing *.ween theve meihose (a.g.. use the search
Wamwmhmmwmmm.wmuwmm
otherwies). Presumably, these compuier Lsers developed thelr siraisgies themseives,
NMMW“MMMMMMMWIW
Inefficient sirategies. For example, one subject never used the string search method;
she used some varistion of the ine-feed method even when the target location was
over 10 lines awey. . Card. Moran and Newell successiully modelied how the experts
used selection rules, but they weren't interested in the relative efficiency ol the ruies
thelr subjects had come up with nor in how the subjects had acquired thelr rulea.

"These issues ara importamt for teaching novices 10 deal with a new set of
procedures. i novices don't appraciels when 10 LSS varlous PrOCedures. they might
compietely overlook proceduree that would be very useful 1o them. instesd. they may
setie on some Inefficilent procedirs what they happened to leamn first o that may be
oasy 10 remember. Even aswuming that peuple do know about alternative
procedures, the decision o’ ich one 10 Use migit depend on a personal prefer ince
for soming problems a cerlein wey, or N might depend on the 3peciiu features ‘A the
problem (La., perhaps pecple can easily Quess or ligure oul that one r.ethod is
beiter for a given problem). The gual ol this research is 10 nd cut whether the
decielon-making process can be Influenced by advice in the manual on when 10 use
a specific procedure. S0 the work that will be dascribed here puves two sorta of

fm«e'; Questions:

1. Wl people 10llow advice about when 10 use a command? When they
don’l. is it simply because the task siiuation lisal makes it easy o
identily the most efticient sirategy?

2. What lorm shouid the advice take 10 have the most effect? In particular,

should advice be 3tated jusl aa a verbal ruie or should it be elaborated
with exampiea?

3.2. What It Takes 1o Follow Advice

As described above, the sort of advice that wil be tiudied here Is essentially a
rule ol the form: “Use procedure x only when you are In siiualions that have such-
and-such characterisiics. otherwise use procedure y.° The advice Is Intended to
Qguide a choice between wo Of more procedurea .hat Can be uaed 10 solve some
problem; the advice poata 10 the eaalest or moat efficient procedure for the

clrcumetances.

In order 10 lollow advice. isarners must do the following Ihings

1. Asmember the advice
2. Be molivated 10 lokow the advice

3. Decide whether or not the task siuation maichéa the conditions speciiied
in the advice

4. Carry out the recommended procedure.

Tne fiat roquro;mnt is straightiorward; iserners can‘t follow advice Il they don'l
toriember . The form of the advice and the degree 10 which it i aiaboraiad. may

affect how well it is remembered, as wil be discussea ‘#low

The second requiement Is based on the fact thal. aithough advice 13 a rule,

compliance with the rule is discrelionary rather than compuisary  People don't have

1o follow advice In order 10 do thelr work, the worst thg. =n happen it they don’l is




& drop in efficlency. in conirast, synlactic fules for writing comect computer
ocommends are compuisory in the sense hat i & person wishes 10 lesue & command,
he o she must follow the nie exactly. (n reel-world shuations, leamers may be
swongly molvaled 10 work eificlently, perhaps in order 10 mest & deadiine or
CONOOIVE reaources. in the present resesich, the nekwe of the lask provides o
different kind of moiivation: e task i 10 ind the most efficient way t0 sove &
problem. This task forces subject 1o Consider verious sokMions 10 & problem and
compare how many sleps each one would take. Theee comparieons will be difficult ¥
there ere meny possible solulions, aach with & fally large number of steps. In that
cose, jects might be more Prone 10 UM the advice 10 point 10 the most efficient
aolution, rather than kying 10 perform all the necsssary Caiculations.

The third requiremen: addressss the (act that subjects must analyze the siuation
in & problem 10 decide whether the advice applies. In fact. the advice recommends
two different actions depending 0n the characierisics of the silustion. Procedure x is
10 be used i there i £ poshive match between Ihe conditions in the advice and the
task ouslion. ¥ .ere s NO maich, then following the advice means using
procedure y.  Recell, for exampie, the selection rules for moving the cursor from
Card, Moran and Newell (1983): The Search mehod was used ¥ the (arget location
wee more then tives Hines « “om he curment location, otherwise the Line-feed
method was ueed. in order 10 Ue procedure y, leemers have 1o recognize the
abeence of the condkions under which Whey would use procedure x (l.e.. recognize
that the cursor is nol more than ivee lines away). Such “positive® and “negaiive’
maeiches mey affect how essy W I8 10 decide which procedurs is th~ advised one.

V.o dy, once K ' clear which procedure is advieed for the current siuation, the
loarners must know how 10 carry W aul, which they leam Kom procedural information
such a8 syniax rules or 9ep-by-slep inetructions.
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3.3. Finding the Most Effective Form of Advice: the role of examples

A plece of advice is 8 ru'e. it poinis out something 1o do (or not to do) n a
perticulsr situation. Previous rasearch has found that axampias haip peopie earn 10
spply rules in both the problem-sching and concopl-lesming domains The prassnt
research axamines the role of axamples for leaming to follow advice is advice mors
memorable o sasier 10 apply correctly i R is alaborated with sxamples? Are peopie
mors wlno to follow advice that is elaboratcd with examples? i exampiss do
bene learning, what is & about the exampies that causes the effect? is it thet
examples provide specilic, concrete insiantiations of the general tarms in the ruls?
Or s i that examples provide s model of the 15sk subjects have 10 perform?

This section will lriefly review previous research on examples. It will also
describe two types of axamples and the ditfarent effects they may hava for iearning

to follow advice. -

.

3.3.1. The Benetit of Examples for Concapt and Skl Learning

Numerous rasearchers have found that exampies help pacple lesrn concapts
The basic finding is that siudylog @ definition (in essence. a rule for category
membership) siong with axamples of class members, grastly improvas a lsarer’s
abiity 10 correctly identify members of the class, as compared to learners who study
the definklon without examples.® Polichik (1975) defined various paychalogicel
“defense mechanisms,” with or without exampies ol what someons mig™ do while
oxhibiting that defense maechanisni. Subjects who studied dalinitions with axampies

wers much bettar at classifying descriptions ol Lehavior pallarng  Nitsch (1977)

'mwmwlw'omomdumd '] ge of @ itke ‘amp with the
Sty (0 recognize Intieices of rest lemps in ihe world




oblsined sinMiar results when subjects leemed novel, unfamiliar concepts Her
subjects were Giso better a1 idenifying novel calegory menibers ¥ they had seen
oxamples®

Exampies often Dresent typicel instances, but fess typical inetances have been
found usehd for learning the range and verlaion of a calegory of sel. Nitsch (1977)
found thet subjects lesmed concepts better when the examples were different from
each other than when they were all feivly similar. Counterexampies have siso been
found 10 help lsamers set boundary condiions 10 & rule or Qenersiization (Tennyson,
193 TW.M‘M"??).me‘leWn
festures ol exampies inlo account (the typically of the examples. the degree of
simllarity betwaen supericial fesiur-« of the exampies and the similadly of exampies
and counisrexempies) 10 successiully predict how the wiong mix of exampies leads 10
overgenersitzasion, undergeneralizstion and misconcepion. In addition 1o the choice
of exampies, researchers have found thet the order of the oxampies s important;
subjecte learn better when typice! examples sre presenied before more exotic ones
(Eio & Anderson, 1984; Tennyson, Sieve & Boutwel, 1976). A more thorough review
of the Merature on examples can be found in Mandl, Schnotz and Tergan (1984)

.

In sddeicn 10 aiding concept leaming, exampics have also been found 1o faciiete
problem soiving. Pepper (1081) studied the alfect of different compuier programming
1books on siudents’ abidty 10 do programming problems. He found that students
who reed a carshully written chapler thal included numerous examples rated K more
highly than comparable chaplers What did not contain examples. More importantly,

Frhe Sacuesion of the swdies by Polichik (1875) end Niisch ($B77) are Based on Branslord’s (1879)
socount.
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these atudenta also solved more programming problema correcll; tnan students who

read the other chapters

Ross (19684) found hat auperiiclal simiariies between the problem that subjecia
are currenily working on and examples lhey previously saw in the Inalructicnal
m'nm can influence thek choice ol procedure. For example. aubjecia learned a
paic of procedurea for using r computer text editor. in the insiructional materials,
one procedure was ilusirated in a task involving a shopping Ust  The example for

the other procedure invoived a course listing When subjecis subssquently ked on

editing @ shopping Hsi, they tended to use the procedwe they had seen associated
with a shopping lst, even though either procedure would heve worked equally well

This effect of “reminding® haa potentially ach consequ In aubsequent

studies, Ross found thet subjects tended to use the procedure they were reminded

ol, even ¥ & was nappropriate for the probiem at hand.

3.3.2 How Examplea Ald Learning

Hobbs (1979) notea that an example invoiea a relationahip beiween (wo
statements: a rule (of generalizadon) and a specific instance for which the rule ia
true Hobbs deflnes an exampie as a statement that aaserta the same propo’ lion
a8 the rule, except that one of more general terms In the rule are replaced Dy
specific terms describing class members. DOrawing the identity relationship between
the proposiions may be an essentis!l part of recognizing that 2 alatenent is an
example. In an unpublished aludy (Charney, 1983), subjecia raad seniences and
classified them as either examples of detalls. if the sentencea wee read in the
context of appropiiale generalzations, he examploa were classifiet corractk 79% of

.

the time. But read in isolstion, without the context ol the generalizailons. (he
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ex»" )% were indisiinguisheble from the deislis; only S§% were correctly classitied
80 _.ampies.'® imecostingly, # seems ihal sesing an exampie e not enough: Lhe
connectien between the example and the rule must be expiich In order for the
example 10 help lssrners apply the rule. Pioll and Anderson (1965) mudied subjects
foaming to wrie recursve hunciions in the programming lenguege LISP.  Seeing
examples of recursive funciions helped subjects wrile funcions when the examples
were pressnted with a rule as pert of a discussion of how 10 wiite such funchone.
But the seme exampies had no effect on performence when presenied s pant of 8
dlscuesion of how recivsive funciions work (i.e. iracing Wwough Whe variable bindings
and funciion cale).

Given (his reislionship between Qeneral ruies and instances, there seem 10 be &t
feast fowr ways in whioh eramgies might help people feam concepts or solve
probleme. Studying examples mey: .

1. improve memary for the oriical feskres of the rule;

2. Clanly general terms in the rule by Wustraling the range snd variation of
class members; .

3. Covince leerners of the ulilly or wuth of the rule;
4. Provide 8 besis ior anslogy 10 new problems

Exampies mey Improve memory for the criicel festures in two ways. Firsi. ss
suggeeted above, comprehending the example 88 sn example may lwolve rehesrsing
the relationships between the criiical slements of the rule. TM_MWOHM
example sa mat-hed ono the genersl teme of the nde. To 9ee how this works,
consicder ihe following generalization and two elaborasions (laken rom Chamey. 1983):

10ring ieronce s Portermence Gus 10 1he (90ing COMONt wee SIGANCORt 107 ot the peicent of
et were claseited conectly, KEN =8.4. p<.01, g tv &, he whjects sbilPy 10 detect He

sumplon
uampied sgeingt the *noies® of 1he Solslles, HIN <80, p<.OL.
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t ‘Lawaulis ore now pending which seek 10 hold hendgun msnuisclurers
ang distributors ilaole for the demege caused by their products °

2 °The femily of Jemes Riordan, o Chicago police ..ficer killsd by a
handgun, I8 sulng Walthe:, the West Germen muker of the gun and
international Asrmament Corporetion, ite American distributor *

‘3. The cases are Dased On an unconventional and as yet unproven
application of the product Nabiiity law, the law made famous by the suis
againet the Corvakr and Pinto automobiles *

To recognize that sentence (2) la an example of the generelizetion in (1), but thet
sentence (3) is not, readers might have 1o realize that (1) and (3) stete the same
proposition, by maiching the Riordan family to the initiaticrs of e lawsult (le.. the
agenis of 8 suing action), matching Wakher 10 the manuleciwers end the tAC to the
distributors (the objects of the suing action) and matching the desth of the olficer to
the demage caused by the handjun (the reason for the sull) Recognizing exemples
may therelore (vovide rehearsal of the critical relatinships between the erguments in
the tule as well a3 encoding variabiity, both of which might improve recell
Furthermore. the exire specificity, concreteness and famillarity of the terms in the
oxample maey aid recal, since concrele and specific terms are generelly recatied

better than abstract terms (e g. PaMo, Yulle & Madigan, 1968).

Even ¥ k mers remember the rule, they may nol undersiend It wel enough io
apply & correct.  So examples muy be an effective way to clarly and musirete the
torme of the ruls  The reseesrch of Tennyson, Woolley and M‘mil (1972) clied sbove
Is relevast here; without the right selection of examples, laainers may overgenerelize,
uncergeneralize of misconceive the scope of the rule  Again, in order for examples
e full this function, fes:ners must drew Ihe nevessary relalionst«ps between the
torme of the exemple end those of the rule. Tennyson, Steve end Boutwel (1973)

added analyses of the exemples lo 8 lext teaching subjects 10 recognize metricel
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forme in poely. Each exsmpls was diccussed 10 shuw how i met the critice)
alribuies of the metrical calegory. The authors found that subjects who teed the
W wih these eleborations performed better on a clessiication task than subjects
who saw the unannotated exampies.

In conwast 10 the preceding anelysis, the work of Reder and Anderson (1980,
1962), ceecribed in Chapter 2, suggests that elsborations will impalr recall of the
genersiizstion and comprehension 8cores. In fact, Mandl, Shnotz and Tergan (19884)
osssontially replicaied Reder and Anderson’s resulle. They prepared twn versions of
an exposiiory text on “Man and His Environment,” which ditfered only in thet one
version contained examples of the general concepts. Like Meder and Anderson, they
found that recall and comprehension ecores were ot lsest 86 Qood (and sometimes
betier) when the text contained fewer elaboraions (n this case, exampies).'!

As In Reder and Anderson's swudies, performance In the Mendi ot ol experiment
wad meatured with deciaraiive 0ets in which subjects had 10 recall or make simple
inferences sbout the mein conceps>. ™4 not apply them 10 sove problems. We can
bring ihese results nt0 e with the clasaification and problem-song research cited
above (where exampies did Improve performence) ¥ we assume ihat o both
mwmmmwmmmm In
the osse of classification, the lsamer may use o rule 10 test whether ¢ putetive -

Hgimtaty, Chomey (1963
whothor Ihe Qonasslizelc~; 1] BOOR olobeiaied with exampiee o' delalls Or sludied
olobnstion.

5
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member of a class meeis the necessery and sulficient congltions for membership ‘2
In the case of problem soiving, such es leerning 10 write correct compuler
commands, learners use the rules 10 generete compuler code thal meels consirainis
specified In the rules So the value of examples for helping learners remember or
updommd fules (at leest 10 the extent ol being able 1o answer comprehension

questions) i st an op3n question

ft aiz> ;emains to be seen whether exampies incresse learners’ aptitude for
following advice. The final two features of examplas Ksted above may be relevant to
this question. First, exempies may have an important role for esteblishing the truth
or the utiity of e rule (Pereiman & Olbrechis-Tytecs, 1969, Schoenfeld, 1879, Manal,
Schnotz & Tergan, 1984; Gilson & Abeison, 1968). Seeing e varlety of exampies
mey convince learers that o rule is truly general. Seeing retatively easy examples
may comvince lesrers (hat e rule is easy 1o apply This eHective funciion of
oxampies may be particulatly smuoriant when the sule I8 e heunstic or a piece of
advice that leerners are nol obliged 10 follow. .Snmq cases whese using a heuristic

greatly fecilitates problem soiving may convince leerners 10 use It themsetves

Finally, reseerch in skil ecquistion suggests iha* people who are learning math ¢
computer progremming rely heavily on examples of correclly soived problems es
models for soMnQ new problems PwoM end Anderson (1985) observed sublects

lsarning the programming language LISP  Thinking-aloud protocols revealed that the
subjecls drew detaled enalogias betwesn the problem they wers working on and

.
[]
200, o Many S/QUe. learners Jecide On 6 PUIBvG MermDer Dy (iswing 6nalogles beiween H end
and {eg. ¢} 19005, or ¢ generaNzed proiotype (e 9. Rosch, 1977
In s case. the exampie I sorving 68 & model rather then es an susery 8id for remembering of
undersianding the terms of the 1uie  See the discussion ol ezampies es mode's delow
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worked-0ul exampies they had seen in the insirucional text. The example served as
& modué o lempise for 1he solution. Rellance on exampies as models haa aiso been
documenied in uiher problem domeins. such a8 leaming (0 nove analogies (Lefevie
and Dinon, 1964).

3.3.3. Conceprual Exampies and Task Examples

hh\MMdNWw_dWWMUCM
imporsant for skl leerning. The present work iskes siepe loward distinguishing the
instantiation funciion of examples Wrom the ‘model® funcllon. For this purposs, | will
oheracterize exampies that inetantisle genersl CONCeplS 88 CONCep! examples and
worked-out probleme, such as 1hose found (n & meth or programming textbook, 38
task exampies. Thess two types of examples are similer 10 whet Mandl, Schnoz and
VYorgan (1084) call “Nuswative exampies® and 'M ampiee,”  reepactively.
Both types of examples provide specific instantiations of the general terme of & rule,
but the types difer n what other kinde of informetion Whey provide.

To Mustrate the two kinds of examples, consider the following ihree sentences.
The first is & stylietic rule, based on Wiliams (198t). The second is a concept
mdnm,mnmuaumz

1. Rule. When & nominelization follows

an vorb, change the
nominaliizaon 10 &8 verd that repleces the emply verb.
invessg

The concepl example inelaniisies the general terms ‘emply verd’ and

a“

“nominatization,” but doesn’t provide a contaxt In which they might occur  Tha 1ask
axample instantistes ithe Q@unecal terms within a specific contaxt The contaxt
Wusirates something about the siuations in which the rule should apply tha
nominaltzation need not foliow the empty verb directly. it also Mlusirsias somathing
about how to carry through the solution: changing a noun tn » ~erb can necassitata

changes to other Parts of the sentence

il instanilstion s the major contribution of an example, then concapt axsmplas
and task axamples should aid performance 10 the same degree. But If It s
important 10 use the exampie as @ model, then seelng o lask exsmpia should
improve performance more than seeing e concept example. Task examples may atso
help people remember a rule when they are working on a task, because seeing the
task may remind inom of the example (Ross. 1984). Finaly, the lask axampie may
be better for demonsiraling the utilty of the advice, by shawing rathar than just

asserting that lollowing the rule laads to @ desikabla oulcome.

3.4. A Preview of the Experiment

The pupose of the axperiment ls tr dlscover whather of not alsborating on
selection information lmproves lsamers’ perlormance. and I so. what son of
olaboretion ¢ most effective. Al the end of Chapter 2. threa fasturas wara
described that ‘mly control whether elaboretions heve a chanca 1o improva
performance. the tasks must be ones for which the Information I3 ralevant. Iha
elaboretions must be the right klnd and the information must be a type that benaflis
from elaboration  Of these thiee featwes, only ihe nature of the tasks and tha
natwa of the elaborations can be varied axperimentally Il wa can fnd 8 luk.ln

which some type of selection elaborations Impiove peformance. than obviously

selection lnformation is a (ype that can benefit from eladoration.
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The experiment 10 be reporiad hers creates conditions under which seleciion
information should be highly relevant 1o good task performence. A set of problems
wes conetrucied which covid be solved with verious combinations of procedures.

- Subjects were inetrucied 10 find the most efficient combinetion of procedurss 1o soive

sach one. Some subjects recelved advice on when a pariculer proceduo wes moet
officiont and some did not. N such selection Informasion e indeed relevant lo the
tesks, then subjects who see advice should perform better than those who see nO
advice.

in an attempl 10 increase the Mkelihood that subjects follow the advice, some
problems wers designed 10 be more dificull L.en the others.’ m:.mul&ws
menipulstion le a8 L9~=3. Since advice in our definkion le discretionyy, subjects
may decide not 10 follow K, they may try 1o find the moel eificient solution some
other wey, guch as counting the number of sieps in esch possible solution snd
compering them unill they have fourd the incet eificient one. M 30, then we may tind
mmamammmmnwuuummmm
method of because ekher method allows subjects o find the right answer equally
sesk. To aniicipate this possibily, hell of the problems were designed to be more
m;mmmobbmm-wwmudpowm'm.uchwunn
Qrester number of aleps.  Subjects Mey then be unable 10 mentully compuie
soluion by ocounting and comparing steps. So while subjects might be content to
compute solutions for the easy problems, they may have to fall back on the advice
for the hard ones.

M shis analysie le comect, then the evidence that advice benefits from elaborations
mey eppear only for the hard tasks. That le, subjects might not follow the edvice on

ooy tasks, 30 there would be no ditference i performance for subjecis who have

46
seen some form of advice and those who haven't However. 0N hard tasks subjects
should be much more likely to benefil from the advice And i etaboralions are
needed In orde: for subjects 10 lake full advaniage of the advice. then subjects who
see advice elaborated with examples should perorm much betier then either subjecis
who see unelaborated advice of subjects who see no edvice. If seeing examples
makes no difference to performance even on herd 138, then we may have found

another situation In which selection information (ails 10 benelll from elaborations

The nature of the elaborations will be ipuisted In this exp by prowiding,
elther concept examples Of task examples to Wusirate the advice For the raasons
described 0 the previous section. exampiea heve besn found 10 be very effectiva
alds for learning lO'IM rulsa. Since advice is 1 type of rule, we would expect

examples 10 be the best kind of elaboration However, It la not cartain what kind of

example would be mast effecive The lon on ¢xamples above Pf ted some

arguments for why task examples might be more effeciive than concept exemples

An additional factor of “derest s how tenaciously subjecis adhere 10 advice
ideally, we want siudents lo folow advice judiciously. 10 use i as a recommendation
ather than a8 3 commandment in this experiment, we wil be able to gauge how
olien and how eagerly subjecis follow the advice in two waya  First. we will see
whether Subjects follow the advice 00 eesy 1asks (when hey might be able lo
compute the solution independenily), as well as harg tasks The experiment also
employs a more dikect measuie of how often Subjecta fodow the advice - This
measure relles 00 Lhe fact thet advice is a heurstic rule reinar then an aigorithmic
rle. This means thal advice is nol guaranteed o lead 10 the desired outcome To
refect thia possibility, some Problems were Cssigned for which following the advice

would tead to 8n incormrect solution to the problem If subjects foliow tha advice
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closely, they will anawer incorrectly on these probisme. That ls, subjecis may follow

the advice even when i lesds them asiray.
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o . : ‘o FIGURE 4-1

BOX-WORLD

Chapter 4
METHOD . B

Tor

4.1. Overview of the Box-Worki Game . 1T & &
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sivaion (s configuration of boxes and objects on the screen) and a gosl for what : . :
MMDommmm(mm\nM)."mmmu 1 : ‘ 5
achieved with a combinaion of commends for movin, objects from one box o . E
another or changing an cbject’s shaps. In one task, the Efficiency task. the objest PN AP A

dhmmelmemmumwmm o ] G0AL: TOP SHOULD CONT A ONE HEPTAGON ' SCORE
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AND T3 DIAMOND'S ONLY .
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leou the commands 1o the compuier. When subjects beleved they had arrived at e
!he most eificient sokion. they signaled the computer by pressing a key. The C i
computer Gan prop: .ed n ackon (see Figura 4-2) for schieving part of the goal and
Subjects hea 1o Cecide whether or not this action was part of the mast efficlent way
10 achieve the gosl. They signalied thelr decision by pressiog eiher a key labelied
“yee® or one iehaked *no.” . ’
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FIGURE 4-2 52

indt .dual Change and Move comriands requirad In order to find the most aHicient
solution path, subjects had to take into account some restriclions on shape changes
and movements. One set of restrictions affected how many commands would be

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

World objects (trdangle. dlamond, pentagon. hexagon and heplagon) were ranked
. sccording 1o how many sides they have (le.. thiee. four, five, six and seven 3ices,
respectively). A single CHANGE command can change an object only one degres up

or cown in rank. So, for example. a dlamond can be changed to either a inangle or

o 8 Penisgon with a single command. However. a sequence ol two commands would

be required 1o change i lo a hexagon, or ilwee commands fo change it to a

heptasgon. Similardy, ihe movement ol an object from 8 given box was restricted (0

! 8 box nested direcily above or belcw the cuifent box Su a sequence of MOVE

' commands would be required fo move an oti~t to a more distant box.  These

resuictions are oxplilmd more fully in the Box-World manual. proqded In Appendix A

R e M ST
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4.2. Design

The experiment included two tasks using the ao:-wm game «-at eniployed

somewhat Jliferent designs, an Elficlency task and an Advice Recognition lask  The

Efficiency task requzed subljects to lind the most efficrent :olution lo a ~roblem
The Advice Recognition task requiced them to decide whether or not a proposed

action was consisiert with the advice




4 2.1, EMclency Task

mimm:mmnmwmmmwa
problem. This task employed & €x2x2 mixed faciuisl design. The first lactor.
instrucior, was & betwsen-subjects facior thet manipulsied the avellsbility and form
of advice in wra inetructional meteriels thet subjects siudled. Four versione of the
Materiels ware avallable: No Acvice, Aule Alons, Muie plus Concept Exampie an Rule
* ‘plus Task Example. Subjects were randomly casigned 1o study one of hese versions,
with th- coneiraint that the four groups contain en equel number of subjects.

The second focior, Approprieienses, wae & within-subjects factor that manipulated
the types of wisls In the Sox-World game. Three-quaners of the tricle were
+ Approprise snd one-quarier were iepproprists.  On Appreprisie wisls, following 8
sicategy conslstent with the advice It e menusl led 10 the most efficient solution
{ond 80 Mo correct snawer). Tn inspproprisis Winie, this siralegy led 10 8n incorrect
. 1e0ponts. The puroose of Ihis facior wes 10 measurs how apt subjects were to
follow the evice: the closer they followed the advice, the more Mksly & was that they
would respond correcily on Approprisls trisls and incorrectly on Ineppropriate trisle.

The thid facior, Difficully, was 8leo within-subjects.  For both levele of
approprisiences, hell the Wisls were designed (o De Easy and heit were OiMcul.
Outoulty wae determined by two KKskes: the number ¢4 plausible wolsion puths for
achieving the gosl and the number of stepe in the most eificlent soluiion path,

The parameier ol interest wae the subject's decieion abi ‘s whether an action
proposed by the computer was part of the most efficient solution path. So the

dependent measures were the accuracy of thess decisions and how long subjects
took 10 respond.

422 Advice Recognition Task

The Advice Recognition task required subjects (o declde wheiher of not a
proposed action was consistent with the edvica (regardiess ol whether 1l was parnt of
the most afficient” solution). This task employcu 8 Ix4x2 mixed factorial design The
first factor was again the “etwedn-Qroups factor iInstruction. Instruction hed (nree
fevels (or this task, namely tiw thies versiont of the manual (hal contained some
farm ol advice (Rule Alons, Rule plus Conc: Fvample and Rule plus Task Example)
Subjects were assigned 1o an Instruclion condition before completing ihe Efficiency

task and kept the same assignment for the Advica recognition task '*

The second factor, Advice-Response Meich, was e within-sublects factor of trie!
characteristics. There were four trial categories: Use-ves. Use-No. Don't Use-Yas Con't
Use-No. Tric.s were categorized as Use or Don't Usa according to whether Ihe
adviged sirategy would dictale using 8 paricular commend for that situetion of
avolding that command. Trlels wera calegorized as Yes or No eccording to whether
the proposed solution wes consistent with the advice of not. Oversil, thers were the
same number of Use trials 83 Don't Uss, and the sema number of Yes's as No's.
This factor s described mora fully in the Matesiels section, and exampies of ine
trisls are | .uded In Appendix B

The thikd facior wes Dilficulty. a9 In the Efficlency tesk. nalf the irie!s were Easy

and hall were Difficul.

The dependent were y of response and reeciion limes

M3ubjects in the No Adwce gioup 8IS0 Perioimed Ine Advice Recogaiion sk, In order INSt el
whjects would be tesled equivelently  These f specisl for the tesk 1N
Preeenied o form of the 8dvice However. the dats from the No Advice Qroup were not ncluded in Ihe
anslyses for thie task

o8




4.3. Malerlals
FIGURE 4.3

" 4.3.9. inswructionel Materiale for Sox-World
Three forms of Advice for the Change Command

The insinciionsl materisls consisted of a 4-pege manual for the Box-World
3. AULE ALONE

program {reproduced in Appendix A). The manuel briefly introduced the Box-World CHANGE 13 usually the most efficient command (o use ~nenever ,0u an make an Coject
and then he ond This 010 the shape you want Dy 1SSuINng (uSt one COMMAnd Oth&rvase avaid using CHANGE

.menuel represented the No Advice inswrucionsl condiion. Three other versions of
b. RULE PLUS CONCEPT EXAMPLE
he menual were prepared thet difered only by the addision of some form of advice
CHANGE 13 usually (.6 most ethcient commang 10 use ahenever yov <an maxe an OD|eCl

for how 10 use the Changs or Move commends efficiently. One menual simply siated 1o the Shape you want Dy i1SSUINg jUST 0N CoOMMad Otherwiss avaid using CHANGE
“ m M . m
. hadihd i the o menusls sdded difforent kinds of EXAMPLE Use CHANGE ahen you have a diamond and need 3 Inangie or 3 pemagon
examples 10 NMusirate advice. eee forme . you can get to ether of these shapes mth ‘st oane command  Look for anoiner a, o
the The of acvce were: soive the probiem it you nave a damond but need a heéxagdn of 3 neptagon
. * Ayle Alone: . dce sialed a8 8 genersl rule wisthout sny eleboration. e
* fule olup Concept Exgmple: Advice sialed 88 a rule wih 8 verbal ’ 1 C. RULE PLUS TASK EXAMPLE
sxample QMg speciic instantistions of the terme In the rule, !
CHANGE 3 usually the most efficient command (0 use anenever you Can maxeé an Ovject
* e plup Yesk Exgmolg: Advice sialed 88 a rule with an snnotated 010 (fa chape you wani Dy issuing (uS! one commang otherwse avaid using CHANGE
picioriel example of a task siusiion showing het lollowing the advice

loads 10 the most eMicient solusion. i EXAMPLE Consiger ihe following Box-Wortd situauon  Suppose you want BOX A to comain
. two tangtes Changing DIAMOND2 10 a tnangle takes onty one command and s more
eficent than changing PENTAGON2 into a tnangle 12 cnanges) of maving TRIANGLE] «n

Flgwe 43 shows hese three forms of advice for ueing the Change command. BOX-B 1o BOX A 12 moves)
To creste the menusis for the Hwee advice condilons, 8 sheet coniaining the .
appropriete form of advice was inseried afier the descripiion of the Change commar ’ TOP
in he besic menual. .

™o Meve feomorph. The advice toid subjects under what conditions 10 use 8
paniculer procedure end when 10 avold using K. Since the manual described two

major procedures (tve Change commend and the Move commend), K was imporant Box-4 Bex-B
10 very which procedure the advice concemned, whils holding consiant as many of the &®@ v
task foalures as possidle. Accordingly, & second set of advice was prepared that .

concerned the Move command, shown in Figure 4-4. '
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FIGURE 4.4
Theee forms of Advice for the Move Command

o. RULE ALONE

’ MOVE 18 ususity e most elhcient command 10 use whensver +Ou Can put the Object nio
- mosoxmwmlw-ummnmwmma.mmmﬂ:smumi

= b. RULE PLUS CONCEPT EXAMPLE

MOVE & ususlly the most eticlen) COMMAand 10 use whenever you Can put the Object nto
muxmnmwmwmw:mmmmmuovs

EXAMPLE  Uss MOVE wnen you have a diamond v BOX-A and need a Giamond in either
BOX-8 (winch s ingide BOX-A) or 1n TOP iwhich contans BOX-AL. you can gt o @iiher of
these boxes with st ons command Look for ancihes way to soive the problem  you
need a damond n any other Box

c. MULE PLUS TASK EAMPLE

MOVE 15 ususlly the most elficient command 10 use whangver yous Can put the Object nto
Dy 183wNg juSt one comMand. oierwise avid uwng MOVE

the
" EXAMPLE. Consider the followng Box-Workd Siuahion  Suppose you want BOX-A to contam
triangles  Mowng TRIANGLE2 from 80X-8 10 BOX-A take> only one commind and -~
more eificient than mowing TRIANGLE3 from ~7X.C to 8OX-A (2 movesy or changing
PENTAGONZ into a tnangie 12 changes)

H
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In order to batance the location of the advice. the ‘rdar of lopics n the manuais
was controlled. when the manusl contained advice about the Change command the
discussion of the Change command foliowsd that of the Move command When ihe
advice concened the Move commend. the discuss n of the Move Command followed
trat ! the Change command Separale versions of the No Advice version of the

manual, representing each 1opic order. were also prepered

4.3.2. Tdals for the Box-World Game

A pool of 84 Box-World problems was prepared each Isting of a situation. a
Qoal and a proposed action that was coded for a correct response (either Yes or
No). The construction of the trials involve.’ fous factors,  Appropriateness, Ditficulty.
Use end Respunse (see below). The four factors were completely crossed. yietding a

Ax2x2x2 desige: (the Ikst factor represents the distribulion of three Appropriate Irais

for every inappropriate trial)  Consequently, 32 trials were ded for one comp

replication and the 64.tnm pool reps d two p repications

This pool of lems was used for both he Efficlency task and the Javice
fecognition task. A fixed set of 32 problems was used in the Advice RAacognition

task. The problems were chosen randomly from the pool of 64 problems. wih the

consirelt that the set of problems for each lask should rep one pl
roplication of the experimental design. The cnly modification needed for using the
problems in the Advice Recognition task was an adjusiment in the coding of the

cortect response.

Each Box-World Sltuation presented lour to ten objects arranged inside any of
two to six boxes The Goal specified for one or more of the boxes what objacts ()

any) they should contain. The Action sialement described an action pertormed on



T

* El{fcp

PAFullToxt Provided by ERIC

just one of the Cbjects, eliher Changing ks shype Of moving i 10 another box. (See
Figuwes 41 and 42) The speciied chenge of movement i the Action was not
Sweys conslslent wih the advice. That ls, the Action stalement might propase
chenging 3 diemond 10 @ heplagon or moving an object 10 @ distant box. The
Action was shways pant of e plausible solution 10 the problem and was unique 10 one
solusion pein. ’

Appropristeress  Plausible solions were compuled for each Skuation-Goal
combinetion. W there was 10 one soktion thel hed fewsr sieps Whan the others,
then the probiem wus dlecarded. ¥ the most eMicient sokusion required violaling the
00vce (0.0, & caled for changing o diemond 10 @ hepisgon), then the problem was
clessified a8 inappropriete. N the best sohsion did not violsle the advice, then the
problem wes charscierized a8 Fpproprete.  Thvesdourthe of the Wislt . the final
pool of problems wara Approprisie and one-fourth were ineppropriate.

Ollicully. Ditficsty wes determined by two factors: the number of pleusible
solution pathe for achieving the gosl and the numder of sleps in 19 mMost efficlent
solution path. There wes an aversge of 3.7 plausible pethe per probiem for easy
prodlems and 4.4 pethe for hard problems. The most efficlent path for easy
problems sveraged 3.6 steps; for hard problems, the aversge was 4.4 stepe.

Use/Don't Use. The Uee facior varied wheiher the advised sirategy would diciete
.MQQMWhWOWwMHmMMWW
thpt commend. The advice recommended using the Change command under cersln
clroumstances, namely whenever an object couid be chenged into the deeired shepe
by lesuing just one commsnd. This s the positve form of the advice, telling the
.subject 10 use the change commend when the siiualion met ceriain conditions. The

2 SRR, S - -
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advice aiso hes e negeiive aspect if says to avoid using the Change command i all
other chcumsiances but # doesnt say what to do instesd  Hall o he trais in the
pool satistied the conditions in the adwice. that ls, there wea an object thal could be
changed with one command to e shepe specilied in the goe®l  For the other trials

there was no object thet met thesa conditions.

Response The ﬂuponu‘loctov insused thet thers were an equal number ol trials

in which the correct response was Yes and the correct reaponss waa No

The triale in the Advice HRecognition task were classified inlo four categories
sccording 10 the Use/Don't Use dimension and the Yes/No dimension  Use-Yes, Use-
No, Don't Use-Yes. Don't UseNo The most atraighiforward appiication of the advice
s expected to come in either the Use-Yes or the Don't Uae:No cetegoriea In the
Use-Yes trisls, the edvice dictatea using the Change command and the actlon
atatement pfopoul.lho relevan. change, 3o the correct responss is Yes in the
Don't Use:No triais. the advice recommenda ega:nst using the chenge, command (for
instance, when there ere no objects evailable thet can be changed with just one
awmmand into the desired shape). The ection atetement propossa a changs thal

violates the edvica. 30 the correct response Is No.

Samples of trials in the ditlerent cond” sns are found in Appendix B8 Note that
subjects saw the trials in the format used in Figwes 4-1 and 4-2 For eesae of
refaronce, the samples in the sppendix st the goal end action and are annoteied.
with the correct responsea for both the Efficlency (esk end the Advice RAscognition

tesk end expianations of how the !fial satistiea the raquirementa of the conditiona




4.3.3. The Move lsomciph
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advice concemes the Move commend. However, following the Move advice fo sove
a problem would not lead 10 the same solution es following the Clanne advice.
w.mmaomdmuummmmmmmmmm
10 a0 Move isomorphs). The Move leomoiphs were created Ty Systematically
tranelorming the situation, goal and adon of each problem o that the zolution paths
and the number of steps per path would be preserved and 90 that following thy
b ve advice would lesd 10 a solwion that was formally identicsl 10 that in the
core,epanding Change lsomorph.

Zezaing e Move Jeomorphe (nvoled 8 Wanslsiun beivesn disrance of movement
and 7Jegree of shepe change. Every step in %o solution path of a problem that
ivoive.. . Chenge command was Wansiated Inlo a siep woMing a Move C. . .nd.
and vice versa. For eximn...®, SUPPOse hat one method of solving & problem woula
involve chenging & dic:vond inlc a hexagon. Giwn the constrainis on the Change
commnend described sbove, this method would invove two steps (or two Changs
commends). in the Move lsomorph of this pr-em, changing the shape twice
ansietes IO Moving the dlemonc 10 the desied location from 'wo boxes awey.
mumoxmﬁwommmwc.

Seceuse this iranelation preserved ol of the relevant characteristics of the
problems, the set of 84 Jove leomorphs fuilled all the requiremenis of the
experimental desig~. in addition, the sampling of problems chosen for the Efficlency
wek and Advice Recognition taska was presenved. That ie, the subjects who studied

the Move advice worked on the Move isomorphs of the 32 problems chosen for tha )

Advicc Recognition task, while subjects who studied the Change advice workad on
the Change lsomorphs of thess problems. (lilerences due to whather subjacts
siudied civice about the Move command or the Change zommand will Le relerred to

henceforth as the Isomorpa fector.

4.4. Apparais

The experiment was conducted on Xerox 1108 Dendyllon or Dsndyt - computers
with 17-nch. bit-mapped. high resolution Jisplays (1024 x 808 pixels). Sohwere was

developed 1o record end timesiemp the sublects’ responses.

4.5. Suhiects

The subjects were 113 studenis and siaff members o1 Carnegle-Melion Unive:sity
and the Univorsity of Phitsburgh. AN subjects were native speskers of English, or
fluent enough 1o compietely understand the manual. Subjecis recavec e basic
compensation of either money (33.50) or class parucipation credit in addition, all
subjecte ware pald a bonus of five cents for each correct response they mede above
chance; the highest possible bonus wes $1.60

4.6. Procedure

One 1o five subjects were run concwesnlly at lndivioual Dandylon workstations  In
the first phase of the axperiment, subjects were randomly assigned to either he
Chang or Move isomorph and 10 Gie of the four Instruction conditiune  They we:e
given thelr assigned versic o the manual and a fixod perod of fve minutas in
which 1o ra d 1. Subjects w9 1old 10 review the information it iney tiniched

reading before the five minutes were up, since the manusl would not be avellable 1o




: them while they worked 0n the tasks. After Ihe study phase, subjecis wers asked 10
: do the EMciency task. & Reced lask and ihe Addce Recogniion task.  Sublects
performed the taske in this order 80 What performance on one task would not

. contamina’e the results of subsSUGN 188KS.

An Inisl group of 48 subjects (composad primarily of CMU students) &3 not do
the Advice Renognition lask; they performed the Efficiency task or all 64 problems. !
A second greup of €8 svbjects (primarly Put swdents) did 32 trisle wih the
EMciency lask !netructions cnd 32 irisle with the Advics Recoghition instructions.
Differsnces between thess two groups of subjects wilt be referred 10 hencelortn a9
the Replication facior; he frst group wit be relerred 10 89 the EN-Only group and
the sucond as the EHEAdv group. .

4.6.1. EMclency Task '

The exact instructicns for this task are presented in Figure 4-5. .

For sach triel. subjects were presented with @ shuaiion snd a goal (Figure 4-1).
Subjects were .tetucted 10 study the skuation for as long as they Wked 10 figure out
the most #ilclent combination 0i moves and shape changes 10 achieve the goal.
. When they were ready, they preesed the space bar. The gosl staic.nem disappesred

and was replaced by the aciicn olalement (Figure 4-2). Subjects decided whether of
nol the aciion was part of the moct elficiens solution. They signalied thelr response
by pressing ohler a key labelled “yes® of a ey ladeled no.® The computer then
gave @ feedback message 16'< 3 the subject whether the responss was corrict of
not. ! the respones was r .ect, the ecore n the lower righthand corner of the
wcreen was increased by one. Thers were five praciice trisle, during which subjecls
were aliowed {0 ask questions abcit the Gircedure. '

FIGURE 4.5

instructions for the Efficiency Task

me using Box-World. In sach piay of the geme, you will see some
the scteen and a goal (or what objects you went certeln boxes lo
wnpmuwwoponmwbnwtmyumynolboponolmomon
get (o the goal. (The proposed action wil never be enough to get o the
me one of the things you would wamt to do) The object of the
action g part of the most efficient stretegy [V}

using the smallest combination of the Box-World
the proposed action s part of the most e'ficlent
you 's not, prass ‘No.* Eech time you
you are arong, the computer scores e point As

:

are cofrect, you score a poist. Each time
mm.mﬂwmammmmyouuoou.bm-umuctnmckoluom
the Bonue every point the COmMpPUIer scores.

for
“here are two imporiant things 10 know sbow the sctions shat the computer wili propcse.
ol shape of one of the objects
. The most eiticlant
soluion s besed on the smallest number of separele commands X would iake to reech the
The proposed action may be 10 change the shape ol an Object. To resch the
move thie Object too. Similarty, you might have 1o chenge the
. As long es you think this
say “YVes.” il i's not, sey

%
;
%
i
|

Here Jo the proceduie for each play:

(1) Presa the space bar. The computer will display e siuetion end e goel {printed on the
botiom pa:: o' the screen).

(2) Press the space har sgain when you are ready 10 ses the proposed ection The goe!
proposed echon.

the
S and NO keys. Press the key lebelled YES

¥ you think that the proposed actiyn is part of the mosi eificlent wey to get to the goel

Press the key lubuied NO i that action is not part of the most efficient sawlion

{4) The computw wit tedl you whsiher of not your decision was right end updete the score

{8) To stant the ne... piay, press the spece bar.

We want you 10 play 89 Quickly as possivle and st get e high scoe. In order 1o lat you

got used 1o the procedwre, there wilt be five precilca plays fust  You will be abie 10 take e
breal. hai-way through the game.

68
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For each trial, the computer recorded the ieeponse, whether it wat coirec oF
INCOrec), and two r68pONee NMe intervals:

* Encoding and planning inervel: the time that ela2esd between the initlal
presentation of the siuation and when the subject pressed the space bar,

* Decision imerval the Wme between the proseniation of the action
mwmmmw.m.

The computer generated 8 diferent random preseniation order for each subject.

4.6.2. Rocall Task

Subjects were asked 10 wille short answers 10 13 questions. The exact
quesions are rosenieC in figuwre 46. The aumber of Cuestiond that subjecis
snewered depended on which version of the manual they hed studisd. Subjects who
had seen exampies in their menuals (Le.. the Awe plus Concep: Example and the
Rule plu Tesk Exampie condiions) snswered Question 1, which asked them 10 recall
the exsmple. Subjecis who hod seen any form of advice (le.. the Iwo example
conditions and the Rule Alone condiion) answered Question 2, which asked them io
recall e advice. AN sublects snewsred Question 3. which asked subjects to
reirospect on the sirategy they hed used 10 sihe the problems.

4.6.3. Advice Recognition Task

The exact instructions for this task ere yresenied in Figure 4-7

In Wis task, subjects wers Mt reminded of the advics they hed seen in the
manual. They were s:0wn the page of the manusl with the advice they had siudied,
including exampies in the spproprisie conditions. Then the 1ubjects performed a

series of 32 reccgnition trials. In each t'sl, subjecis were presenied with a situation
and 8 gosl (Fiyuwre 4-1). Subjects studied the skuation for as long as they Hked.

69
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When they pressad the space bas. the goal disappeared and was raplacad Dy tha
proposed action (Figure 4-2) Subjects decided whether or not the action was
consisient with the advice and signalied thekk response by piassing aithar a kay
labelied °yes® or a key labelled °“no.” The computer then gave 2 faadback
W*mumwbmmmlumuwucr'mornm it the
response was correct, the acore in the lower righthend comer ol the scraan was
increased by one. There were five practice trials. during which subjects wera

allowed (G ask quesiions about the procedure.

As for the Eificlency Task, the computer recorded the responsa for each trial,
whether It was correc of incorrect. and the two response time intervals The

computer generated a random order for piesenting the irlals for aach subject
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FIGURE 46
Questions in the Cued-Recall Task

.mmmw-mummummumm«m
olfered some advice and an example’ about when 10 Use the commends. Wile
whet you remember of the example.

2. The Box-World menusi oferedd some advice sbout when 10 use the commends.
Write down whet you remember of he advice.

3.-Desoribe the sirawegy you used 10 soive the problems.

- e
b

FIGURE 47
instructions for the Advice Recognition Task

the experiment involves another game. in this pant of the expesdiment, we
in he of the most efficiant wey to get to
ooal. Instead, we wat you 10 decide whether not the proposed ection follows the
mmmmmmmwwmm in order to remind
ol roview that page of the manusl (ettached).

3 ¥
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now
Whmwmwmm.ommolumudd

133
B
4
i}
:

:
1
%
z

§ REERE,
3t
3l d
i
-

I H
i
§
i
32
§
H
.

3 7
3
i
;

:
.E
i
}

{1) Press the spece bar. mmwmowmuonmaom(pmmmm
mnpmdto_.am).

(amunwowmunmywmuuybmmowopommbn The goel
u:ﬂmﬁwwuurmmwmuwmm

(J)memeMmmYEsmuomm Press the key labetied YES
nmmmmuwmnmwmm;p:mmmumm
NO ¥ that action is not conslsient with ¥ advice.

(4)mwwuwwmmuwmm~unofnondupdnomcscon

(5) To start the next pisy, press the space ber.

M.mwmmwphyuqidﬂuwmmooumscmo
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Chapter 5

RESULTS AND DISCUSSION, PART I: .
THE EFFICIENCY TASK

5.1. Ovorview

The central task in this experiment is the Efficlency task. The results from 1his
task speak 10 the following four key questions:

1. Did subjects follow e advice when sesrching lor the moet efficient
solution 10 & problem?

2Wum_omu.;u1 Thst is, were subjects who followed the advice
able 10 ideniify the mos! eMMiciend solsion more Cinsistently of mora
qQuickly then subjects who didn't see 8ny sdvice?

3. D!d she OMficully of ¥he task sifect the sutject's reliance on the advice?
Futher, did the ditficully of the lask inieract with the need for

olaboration? That ls. were elaborations of the advics more effeciive when
the tasks were more dificul?

4 What form of advice wes most effectve? Did the advice nesd 10 be

olaborated with examples, snd # so. what sort of

elective?

These twestions are ol primery importance since they address the ways in which
avice snd elaioriions might influence a person’s selection straiegles during eciusl
proviem soivng. The other two tasks, the Recall and Advice Recognition tasks,
muwmm.'mmcmnmwmlwm from ¢eading the
dMleren forms of advice. Recaling the advica Ingd recognizing actions that are
consleent with i sssm 10 be reasonable prerequishes 1o following the advicsa So
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these lasks were iNtended 10 check that subjecty jearned enough 10 mMeet these

prerequisites and 10 revesl any differences between 1he forms of advice

The results and discussion will be presenied in iwo chaplars This chaplet
focuses on the Efficlency task and treais sach of the fowr key questions above in
turn.  The next chapier presenis the results from the Recall task and the Advics

Recognition task. 88 wes as 30Me results that imit the generality of the findings

8.1.1. A Note on he Number of Subjecis per Task

The deta reflect the scores of @ ioisl of 113 subjects. but these subjecty did not

all pertorm all three tasks:

* As deecribed above, 48 subjecis (the EH-Only group) performed 84 trlais
of the Eificiency task without doing the Advice Recognidon task at ali.

* For 18 subjects in e ENBAdv group, only Whe Efficlency task dats is
avaliable; althqugh they perormed boih tasks, thelr Advice Task data were

oror was dlscoversd (they reccived
Incorrect feedback on spproximately 20% of thelr trisle). The Efficlency
Tesk deta for these subjecis wers relsined. and 17 adchional subjects

* While 12 subjects in the No Advice group did perdorm the Advice

Recognition task (see the Procedwe section), thelr data was not Included

in the anelysis

* Finslly, fwee subjects inacvertently fslled (o0 compleie the recall taet
Appendix O shows the folal numbor of subjects who completed each task as 8
lunction of Instructional group and problem isomoiph (Change or Move) The
parenthesized entry for each lask is the nunber of subjects in the EH-Only replicaiion

oFAp.
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5.2. The Utilization and Utiilty of the Advice: the Efficlency Task

The Eficlency task assessed Whe extent 10 which subjects followed a strategy
consistent with the advice in order 10 find the most elficient solution 10 a problem.
Subjects were asked 10 decide whether 8 (rOpossd aclion Wes Part of the most
officient .solution.  Thelr perfonmence was 50000000 in terns of the accuracy snd
spesd of these decisions. Fo. each of the Eiciency taek messurse, a 4x2x2x2
snelysis of vorlance (ANOVA} was peiformed over the estruciion, Appropriaieness,
OWioulty snd Meplication fectors. The Chenge and Move isomorphe were snsiyzed
wﬂwummmnumwnuo
dierst patierns o behevior. The following dlecussion pertaing only 10 results from
the Chinge leomorph.

Teble 5-t shows whet persentage of the subjects’ decisions were coriect as a
funciion of the instruction, Appropristenses snd Diioully veriebles. The data are
presenied sepersiely for the Essy risis (he 10p of the table) and Hard ftrisls (the
bosom). The table Indicales that subjects were sensitive overall 10 diterences in the
types of irdals. Subjects were significuwly more aocursie on Apnropriate irisle than
ON INEPDIoE. A0 Wrils; on 1he aversge, Sublects’ decieions were sofrect on 78% of
NW‘OMB‘IMMO&“NWM. R140)=17.4,
Pp<.0t. Subjects wure slso signiicanl; more accursle on Easy triale (77% correct),
#hen on Hard tiele (4% corsct), R1.40)=17.4, p<.01.

There was no oversll effect of fnakuction, suggesting that none of the instructional
menusls led subjects 10 perform much betier ¢/ much worse overal than any of the
others. The lack of an effect of inetruction ie upcising, since R iplies that no lorm
of advice influenced behavior significanly comared 10 the control group, the subjects

TABLE 5-

BFFICIENCY TASK:

Percent Correct Deciaiona aa a Punction of
Instruction, Appropriateness and Difficulty

e [aomoryh
INSTRUCTION
No Rule Concept Task
Advice Alone ?xample Exasple
BASY TRIALS
HARG.
Appropriste .87 .83 .80 .80 .83
Inappropriate Th .63 .59 .86 .11
HARG. .n1 .13 .70 .83
HARD TRIALS
Appropriate .13 .79 «13 .68 .13
Inappropriste .65 .58 .58 .70 .63
HARG .69 69 66 69
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who saw N0 advics. The more detalied analyses below will sitempl to sort oul just
where advice had an effect snd where & didn't.

$.3. Did Subjects Follow the Advice?

The signal for whether or ot subjecis followed the advice was the
Appropriatenses effect: followki) sh~ advice should have misied subjects into meking
incorrect decisions An the ‘nappropriste Wisis. The effect of Approprietenses reported
sbove sugQects ihat all subjects perormed better when the irisle were Appropriate. '’
However, o signiicant interaciion between the ineiruction and Approprialéness fectors
{R3.40)=4.5, p<.01) suggeeis thet thie offect i meinly due 10 two instructional
mmMMwwmcMWm. Scores for subjects in
the Rule Alone group sversged about 20 points higher when trials were Appropriate
than when they were lnappropriste, for both Esey and Herd kisle ((11)=2.8, p<.03
g (11)=3.9, pc.01. respectively). Simiy, scorce for the Concept Exampie group
averaged 20 points highev on Easy Approprisie tas:s wan on Easy Inappropriste

100ks {(11)=2.6, p<.08) and sbout 18 points higher on Mard Appropriats tasks than

on Hard Inappropriate tasks, sshough the iatier contrast did not reach significance.

The diference between Agwopriste and Inappropriaie trials for the other two
groups of subjecits was smeler or non-existent. The No-Advice group was less
accurate on the Inappropriate trisle, but the diferences were only on the order ol 10

points. and the conirasts were not significant for elther the Easy irlals Of the e’

74’
wials.' Tha drop-off in accurecy on tha Inappioprista lials may Simply maan thet
some subjecis in the No Acdvica Qioup devised stistegles that wars Similar o the
sdvice.  Surprisingly, the Task Examplc group showed no sgns ol follo'ang the
advice: thelr scoras wars even slighlly more sccurats ON the Insppraprisis Uisls. (An

explancion for this resuk wil bo offered beiow)

54 Was the Advice Helpful

Even though there is evidence that ai leest some subjecis followsd ths advics, it
turns out that in the prazen axperiment, L. advice was not very heipful  As the
sccuraCy scoras in Tatie 5-1 suggesl. there was no oversl suvaniage 1o sasing ths
sdvice. Subjects in the No Advice group were just a9 sccurets {Of mora 30) than the
subjects who saw advica The lack ol an overal sdvantsge for the advica would nol
be important H I could be stiributed wxciusively lo the Insppiopiiste rigis (whers
subjects wers deliberaialy misied into making mislakes) However. It is spperant from
the dala for the Appropriate trisis that subjects who saw advica did not idantify the
most efficlers solution mofs often than subjecis without advica. even whan (hal

solution was Consisient with ihe advice.

It s not surprising it the No Advice group did 30 well on ths Easy trials. since
ihese irials were designed 10 Le simpie enough that subjects cculd computs Ihs
solutions on thek own What Is surprsing s thet the advice fallad 1o Improva
performance on the Hard trials. for which performance was low oversll Naverihalass.
subjects who saw advice weid NO mMore accurats on ths Hard Appropriste trigls than

the subjects who ssw no advice.

10mer tosults aisc’ support the claim thet effect of Approprisiensss is dus to the Rule Alone end
Conchpt Example gioups snd not the No-Advice group A Separste ANOVA was pitoimed on
pertiloned dats, omkting the dals for the No Advice @HOup. The Mmain effect of Appiopiteteness end
the Approprisieness x Manusl Intersciions were bOth sl sigoiicant (F(1.301-122, p< 01 end
R1.301=8 8. p< 01, respeciively) .
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The lack of 1 gain in sccuracy migh: have been offset by a gain in speed of
resgonee. However, the reaction HMe MesUes revealec N0 OVErsY spsed advaniage
associeted with following the advice. Table $-2 chows the average amount ol time
(in seconds) shat subjscts spent on the Encoding &nd Plenning in.erval, siudying the
situstion and gosl of a nial. Tie cata are presenied a8 a furction of instruclion,
Appropriaienees and Difficulty."’

Overall, subjects spent about 38 seconde per iel. As in the percent correct
messure, there was no main effect of newruction, but subjects’ mes were sensilive
10 the type of tiie. There wes & main eifect of Dificulty; subjects vere 14 seconds
fasier on Esgy irisle then Hied wisle, R1,40)=181.4, p<.01. There was 8o a

MMMMWMMOMMMWWM“.

Urisle than lneppropriate ilals, A1.40)=22.2, p<.01.

The 'wck of a mein effact of WeWuciion sgain suQgests that thera was no cveral
ld;w_:tomdyhgmm The Concat © mpe froup wes i (act the
fostont grup, taking about 10 seconds less . Jial than the No Acvice group on
both Eayy and Hard Wiels.  However, Ihese differences were not siatistically
significact.  Furthermors, the Rule Alone group, which was the o/ e Qroup thet
~poarently iuiicwed he advice, tumed in relatively s.ow times, eepecially on tre hard

Clale.

No advanage of advice ene ohther (or the sacond reaction time messure, the
Decinion Inicrvel. Table 53 shuwa the .verage amowd of time :n seconds) that

80 reporied coRect KNee for COITCT 100pONses Only
Sxiromaly fant and satramely Jovw mes, %0 teported ANOVAS were

TAME 5-2

BPPICIENCY TASK:

Encoding and Planning Time (in s¢- ~us), as a
function of Instruction, Appropri.teness and Difficulty
Chenge Isomorph

INSTRUCTION
No Rule Concept Task
AMvice Alone Zxanple Example
ZAST TRIALS
MARG.
Appropriate 30.0 29.5 25.0 26.6 27.8
Insppropriate M.é 34.6 3.8 3.8 32.2
MARS. 34.2 32.1 24.4 29.2
HARD TRIALS
Appropriate : 43.8 46.3 35.4 42.1 41.8
Inappropriate 47.5 €0.6 31.7 47.9 48.4
< “RG. 45.7 $3.5 36.5 45.0

ou
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subjects look 1o make @ cormect decision The 4t are presenied as 8 function of
Instrucion, Appropristenges end Difficulty. For Whis messurs, thare were no main
oifec's of instruciion, Appropriateness or Diticuky.'® Overall. subjects took sbout 7
seconds ©0 make s decision. Meacton times in the Auie Alone and Concept
Example cond™'ons wers eech about 1.3 seconds facier then the No Advice gcup.

but the diferences ~4ain (nllad 10 reach davistical dignificance.

In sum, we must conciude ircm the evidence avalisbie thet the advice xss not
necssssry 10 good performance on ihis lask, since subjects in the No Advice group
m“ummmwumnmﬁnmhuMum
who stucied the advice. Obviously there le N0 value 10 having acwse that e only
right pest of the tine, hat doeen't improve sccaracy (compersd 10 . .+4ng NO advice)
when it le right and shat ggnificenly lowers sccuracy when W la wrong. Why didnt
the advice work beier? R i not thet subjects could seelly figure out the soiutions
on thelr own; the poor periormance on the Hard wials suggests that subjects needed
help cf some s0r. S0 the problem saeme 10 le either with the advice trell or with
the subjects’ abillty o follow &. The former Dossibifity suggecis thet tha acivice lisel
needs 10 be changed, the lavier that we haven't yet found the right wry to trein
pevple 10 lollow the advice.

One possible problem wih the edvice keel s that & didn"t alwass ‘e. 1 uniquely
10 he most eificient path. That i3, there was olten more shan one sokdion patt for
@ irial thet wes consistent with the ac” 3. Su while sh+tdng the probie.. and irying

T A x DWiicully, 7it 401 =28,
Advice and Rule Alone (roups which -rere lsster
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TAME 343

EFPFICIENCY TASK:

Decision Time (in seconds), ss & function of
Instruction, Apprcpriersnsss and Difficulty

Chanjge Is.0morph

INSTAUCTION
No Rule Cuncept Task
Advice Alone Exampie Example
RASY TRIALS
MARG.
Appropriate 7.9 5.5 6.3 7.0 6.0
Inappropriate 8.3 1.9 6.9 7.0 7.5
MARG. 1.9 Gor 6.6 7.0
BARD TRIALS
Appropriste 8.5 6.8 6.5 6.9 7.2
Insppropriste 1.8 6.4 6.8 1.5 7.1
MABG. 3. 65 6.7 )
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to find ha maet efticlent path, subjects ma: have occasionslly discoveced a psth thet
wes congistent with the advice, Unew.re that &k was not the moet efficien: path, end
looked no funher. When presenied whh an >ction, they responded on the
800U ipHion that the path they had chosen was the right one, When the (rials were
App-opriale, 1hese subjects weuld Do abie 10 comecily reject actions thel proposed
violgting Whe advice, but they might make tvo kinds of mistskes. They might
inousrecily accepl actions rom the inelficient path they hed chosen or Incorrectly
- toject actions from she peih that wee aclually mast eliicient. On the other hand, al
thess subjects would be conelsterntly rdsied on Whe inepproprisie iriels because
following the acvice would sl isad them 10 ignore solulions thet biatantly violeted
ﬁ‘mm’rmmmmmumwwmm
oficlent Allhough this interpretation 9 Consistent with the petlern of reeits, & would
be di:it 10 vary R without knowing what solulion path subjects belicved was the
most eMiclent. i this interpretation lo comect, howiver, the) the advice 8 no Qood;
R folls %0 narrow the search specs of solutions sulficlently 10 help suojects find the
best sohaion.

There io eleo the possibiilly that subjects did not follow the advice closely
oenough. Thi; possibilily will be discuseed in section 5.6 below and in the next
chapter.

Even ¥ the scvice i determined 10 be bad advice, the reeults of this expartment
are Interosting for what they iell US abXUt Now PeOpe LSS 8OVCe (9003 or bad), how
memummmmumboamum.n;a
the degree of this relance.
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§.5. Did Task Difficulty Attect Rellance on Advice?

As reporied ebove. subjects were significently more accurate .« Easy Inals than
on Hard iriale. end needed significantly less time in the Encoding and Planning
Interval fos Easy trals than Hard trists. However, Oiific.ty cid not lnterect with
Appropriaiensss on any measure. making tasks harder did not seem 1o Increese
subjects’ fellance on the advice As the accuiacy results in Table S-1 indicated.
mhmmwmnmmwwmmmoot
Mm'm«mmmmm.mmmnmmomm
compute the solutions themseives  Furthermore, these sublects were not mare pt 1o

foliow the aavice on the Hard Uulals; the spread b on the for Approp

asrd ineppropriate trisis was agaln sbout 18 poinis.

mumutmn:owmmtmmmm:mmowwy.

never attempiing 10 analyze the problems on thels own. However, there Is indirect

* gvidence that thess subjocis retained a certaln degree of independ in psrticuler.
Mummmmmmwmuamu . woptietle
irals, but performance on the inappropriate irisle never dropped below chence, even

on the Hurd triale.

Perhape the reason that subjects followed the advice 1o the sama degree for both
Easy and Hard uisls is that these irisle were mixed together  That is. irisls were
presented in random order and subjects may have faced a Hard tesk et any point in
the experiment. So M subjects received some Hard lrais early ln e Oxperiment.
mehmqocmlomtmm.tomunm. Onca they had thought to
vee e advice. though. they may heve siuck w the same method even for Easy
trisis. Yhis interprelation can be tesied by ccunistbelencing the crder in which

subjects see triels of different levels of difficulty
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§.6. Did the Form of the Advice Affect Performance?

This section focuses On the .ditfersnces betwesn the groups that siudisd the
sdvice. Fiel, | wil atiempl 10 wxplain the puziing behevior of the Task Example
m.mmmanmmmwMMMma
following he advice. hm.lﬂmMNTlﬂWUMmy
mmnwhmmmmmmwm.
strategy" thet wes difterent from the advice. Second, | will compare the perdormance
dmwwmmmmnmmmnnoummy
have hed on performance.

5.6.1. The Effect of the Tesk Example

mhmtmwwnwummdmmm
while performing the Effiuency taesk. The deia presented in Table 5-1 suggest thet

- these subjects wers Oven olighlly Mone 8cSuraie on the Inappropriete Wisis hen the

Approprieie wies. Two explenations of Whis behavior seem sepccially pleueit’s:

‘.mw1wmnmmn-mmmmk
W.MMWMNMMNW."

O T T B
According 10 the first explanation, subjects dide:1 follow the sdvice because they
coulun’t remember . }MTﬂWMNdem.M
he five-minuie ¥me consireint on reeding the menual, and not know , thet eificiency
would be imporiant for the tesks, subjects may have lelt this infcimation was

19, nornatively, moy hove Nes Gieully procuseing e verbel enample ln conlunctien with
NM”“.MMW“"MM'M““MNWM
om may eoive Whie problem
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relatively safe 1o ignore Therefore. whie rerdormirg the Eficrency task .mesn
subjects never celied on whelever weak maenisl ropfoumall:m of the acvice they
might have formed  To anticipste the date 1o be reported in Tabie 6-1 below,
subjects In the Task Example group actuay recaked th. advice much worse than

subjects in the other Qroups.

According 1o the second explanation, subjects didn't remember the advice

becsuse they interpreied the example In an wnexpecied wey. C quenily. they
okher forgol the advice of reinterpisted K to conform to the example Then, duiing
pediormance of the Etficiency u;k they followsd & stiategy based on their
intecpretation of the example. LeFevre and L'son (1984) and LeFewre (1985) found
oxgcly this sort of bahavior In thelr research on ingiructions for soiving anslogy
protiems. They founa that when verbal instructions for how to solve a prob'em (le.,
nise) ere eomudlct_od by a task example, peopie tend 10 follow thelr Interpretstion of
the example. How might subjects heve reintarpreied the Tank Example in the present
experiment?  Consider again he Task Example in Figwe 4-3. It compares thiee
diterent solutions 10 the prodiem and shows that the one consisient with the advice
roquices the ‘swest sieps. The most Wkery new Inlerpretstion of the exampse is thet
X's slways necessary 10 Caify out & systematic path length comparison, ltke the one
In the example. This interpretation ie quite Jiereni from the advice The sdvice
was intendec as s shortcul 90 that subjects would nol hsve 10 compule and

compare the sieps of all possible paths. insiéad subjects should only have looked

for pathe that used the Change or Move commands in 8 particular way

The reiterpretation explanation is supporied (0 & cenain et by the
Mmyolunp«mmmﬂnlutmTukEumpuovoupanGlmNo

Advice group In Table S-1. i the Task Zxample group hed simply ‘gnored the advice
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sliogotic-, the resulis of these two Qroupe Should heve been quite »imiar. In fact,
the e Groups were aqually sccwraie overal, but the Tesk Exsmple Qroup tended to
Do mers sccurste on he inepproprisis iriels.  This result ls consisient whh the
proposud reinterpretation: ¥ the Task Example Subjects rousinely compuied sil peth
fongthe, then they shouldnt heve been misied on the kneppropriste Wisls. Thers Is
also some evidence thet is inconeistent with the reintersretetion expisnssion. ¥ the
Task Example group wes the Only Qroup 10 Compule mulligie path lengihe, then one
might expect Liskr reeciien Umes in the Encoding #nd Plenning imervel (Vable 5-2) o
" be longer then sny oer (foup. I 0cs, thelr Umes were Aol the longest.

mmuumnmmﬁamm.
One wey 10 decide the Question would O 10 require 3 crilerion level of recell on ol
perte of the menusl before allowing subjects 10 peciors the EM.‘ency \ek. K good
recell of Mo advr; ls he tey, hen Task Exemple subjscie should show more
ovidence of followirg the 8dvcs. An siemetive rMehod woul? Do 10 take thinking-
sloud protocols of subjetns reading she manuel and performing the EMciency tesk
The protocols should reveal whether the Task Example subjects ignore the Advice of
wiether (hey interpret i Gillersnly than the other sudjects.' ¥ the reimerpretation
cxplonation proves commect, then it wil be Meresig 10 invesiigele whether subjects
con be walned te follow e advce wih mided laek exampies Of perheps a
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502 The Effect of the Cnncept Example

Tre Rule Alons and Concept Example (r04ps boih showeo evidence of folicwing
mn&ommmmx As shown in Table 5-1. the two groups were
MMmuo:wamMMUMnuwuamn percent of
mm,mmmwmwup«m. Tne Concept Exampie
mwwmmowmwMMqr‘p(th}Z).
taking 8n average of 12 seconds lees per irisl. However, the ditference in resction

tmes was orly merginatly significant (p<.10) for Hard triale.

There was s difference. though, in sensiiivily 1 the Appropriateness feclor, a9
reflecied ¢ how quickly subjects worked. The Concspt Example group ssemed
oltvious 10 the Appropristensss manipulstion: the averege difference .eiween {he
oversll reacticy wmes fur the Appropriale snd insppropriste Wiale was only 1 second
in conwast, \he Rule Alons Group spent an sversge of 10S seconds ionger on (he
inappropriaie rials than on the Appropriste wisls. Moat of shis exira time came in
the Encoding § Planning intervel for the Hard idels. The conirast perdormed on the
diierences between Ihe times i the Appropiiete end Inappioprisie irals was

significant, {12)=2.7. p< 05.

80, the Con *pt Example subjecis spent less tme on the Eicoding & Planning
intervel, especielly on Heid Inapproprisie trisle. Al this poim, o % Only possitie io
speculate about ~hy this aifference occurred One possibitity 18 that the Concept
wmmmwawrummmmm:mumm
while looking for the moe efficlent peaih, in perticules, the Concept Example people
mMey never have considered pathe that clesrdy violated ke advice, even (hough these

were in fact mote efficient for the lnappropriste tisls The Rule Alone QiGup may

03
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have begun 10 Coneider oiher paths, sspecially when these -Aam:oohdlnlon.nbiy
oMicient, ae In the ineppropriste isis. The exira Sme the Rule Alone spent did nol
lead them 10 abendon the advice; 30 they must have ended up elthes Lrusting the
advice more then thelr own calculslions of gMng up on the alternative soluting 100

Why might the Concept Exampie have disinciined subjects from doing the same
thing? The Concept Examnple gave concrete, specific instances of both ‘legal® and
“Megel® changes /e., “Use the Change command i you have a diemond and need
8 wiengie or & pinagon. Avoid using Change ¥ you have 8 dismond and need a
hexagon or heptagon.®) Sesing the negeiive inelu.1ces mey heve made i easier for
subjects 10 identily violatione of the advice (Tennyson, 1873). Whan subjects saw the
problem skustion and gosl, they might have auwometically set 2 Smit of what shapes
fo coneider chenging snd ruled out of considerasicn any objects that would
neceseliaie vioisting the advice. One ey .10 find ot more about the effect of the
Conocept Example would be 10 take thinking-asloud projocols and see whether the Rule
Alone group coneiders more siemaiive solutions or a differsnt set of akernaives from
the Concept Example group.

it would be interesting X the Concep: Exampie influenced which solitlon paths
ubjects were wiling 10 consider. ANl in <., however, the effact for the example is
fakly minor.  Subjects apperenily did Nt need the example In order o follow the
advice, and having the example did not lead 10 significamly faster reaciion times.
This result (or non-result) 0 surprising since exampies have been shown repeatedly 10
aid rule appiication. Taken ae a whole, the resulis suggest that Concept Exsmpies
a9 not an effective form of eleboration for advice. The strongest conciusion that
could be drawn from the similarity between the Concept Example and Rule Alone

* a8
groups I8 that we hace found 2 second. more compelling instance of seiection
Information, in the torm of advice, laling 10 benett rom elaborations  However. unil
the effecis ol the Task Example are sorted oul. it I8 o0 soon to draw such a
conclusion. It may he that in order 10 fake advantage of the advice, subje:is need
10 use a worked-out solution (such as a Task Example) 33 a mous' However. aa
u'too“!od above, the Task Example in this expedment may have heen Inadequately

processed of misinerpreted

§.7. The Effect of the Move Isomorph

The fesults p ted 3bove ¢ subjecls in the Change Isomorph only 1t

s now time to consider the ditferences beiween the Change and Move isomorphs

The intention ol creating the Move isomorph was 10 vary the topic of the advice

whlompimuqunyol”tullnmuconm-opowbh.&mo Move
lsomorph  subjcis -Tesd advice abost the \U~e command and Change :jomorph
subjec's fesd advice about the Change command. Idealy, the iopic nf the advice
shouid have teen irelevant 10 the effects of the advice. However, the results for the

Efficiency task were somewhat ditferent for the Move lsomorph

Table 54 shows the perceniage of corect decisions as . funciion of instruction,
Appropriateness and Difficuity. As in the Change Iisomorph, subjects were sensiive 10
the diificully of the irials. Subjecte’ scores on the Easy irals were about 9 points
higher than on the Haru trals. R1.57)=318, p< Ot Overali, l::culacy on
Approprisie trisis was slightly higher than on inappropriaste trias. especially for Hard
triats. Howcver, Appropriateness did nol preduce a signiticant main effect of interact

with any other varisble

.

The resufte for the No Advice and Task Exan.+e Qroups are very similar (o those
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TABLE 5-4

BPFICIENCY TASK:

Parcent Correct Decisions as a Fuaction of
Instruction, Appropriateness and Ditficulty

Nova Isosorph
. INSTRUCTION
No Rule Concapt Tosk
Advice Alone Bxampla xampla
EASY TRIALS
han
Appropriste 8 n .66 .87 n |
Inappropriata 05 0 72 .85 .76
HARG . 19 1 .69 .86
BARD TRIALS
Appropriste .76 .64 .64 .76 .70
Inappropriate .62 .6 .58 .69 .63 .
MARG. .69 .63 .61 473

T
[y

O
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in the Change isomorph  However. the accuracy of the Concapt Exampla and RAula

Alcne groupe is suadenly much lowser than the other Instruction groups  Rallacling
the reistively poor pesformanca ol these two groups, the Instruction (aclor produced a
significant main affect, 3.5 =3.4, p<.05. The Concept Example and Rula Alona
groups in the Move tTomorph differsd In another way (rom theis countarpans in tha
Change lsomorph  Wheraas in the Change lsomoiph these groups showed tha
biggest effect of Appidpriatensss. in the Mave isomoiph the Concept Exampla and

Rule Alone groups showed litls Of no drop in accuracy on the Inappropriata triais

The ulcuon' tima measures provide Kitie additional information of lnl.;'ll. Tabia
55 shows the average amouni of time (in seconds) that subjecis speni in the
Encoding and Planning intarval and Table 5-8 snows the average amour: of tma (in
seconds) 'n the Decision interval. The data in Loth lables ara praseniad as a
function of Instruction, Appropristeness and Difficuity. For both maasuras. he only
(actor thal produced a significant atfect was Dilficulty in the Encoding and Planning
k\m—vd. subjects averaged about 32 seconds on Esyv (ials as opposed 10 44
saconds on Harg trisls, F1.57)=062.8, p< 0. in the Declsion intceval, sublects spent
about 5.8 seconds on Easy irals and 72 seconds on Hard Irials. F1.57)=198.
p<.01. Thus. the measures themseives wera agsin sensilive enough lo pick up tha
axpected ditfarences nmong' types of irlals. ¢ addition. while the limas for the No
Advice and Task Exampie groups ara comparable 1o the Uimes for tha corrasponding
groups In the Change isomoeph, the Concapt Exampie group is no fonger fasiast on

olthdr Mmeasura, '

White it ‘s disturbing that the two isomorphs did nol yield Ideniical atfecis of
advice, the lact of a diffarance in perforn.anca lor the two isomoiphs is nol in ltsall

100 remarkable Hayes and Simon (1977) lound that a subject’s abill.y lo soive tha

32




Encoding and Planaing Tine
tunction of Instruction, Appropr

TABLE 5-5

SPPICIENCY TASK-

(in aeconds), as 8
fateness and Difficulty

Nave Isomorph
IXSTRUCTION
. Rule Concept Task
Advice Alone Exasple Example
BASY TRIALS
NARG.
Appropriste 31.0 25.7 3.5 36.3 .1
Insppropricte 31.5 29.8 33.7 34, 32.4
MARG. 1.3 27.8 32.6 35.4
" RARD TRIALS
Appropriate 40.9 36.6 42.1 4.2 41.7
Inappropriste 9.3 3.0 4.6 48.8 45.6
MARG. 3.4 3.8 43.4 48.0

93

TABLE 5-6

EFFICIENCY TASK:

Decision Time (in seconds), as s function of
Instruction, Appropristiness and Difficulty

Move I-morph
INSTRUCTION
o Rule Concept Task
Advice Alone Exauple Example
EASY TRIALS
HARG.
Appropriate 5.0 4.9 6.4 7.3 5.9
Inappropriste 5.5 4.3 7.2 5.6 5.7
MARG. 5.3 4.6 6.8 6.5
HARD TRIALS
Approt (iste 5.7 5.8 1.7 8.2 6.9
Inappropriate 6.0 7.3 8.0 8.3 7.4
MIRG. 5.9 6.6 7.9 8.3

-




Towsr of Henol problem veries enormously depending on the leomorph. They have
mmmmoammmuum.sommmm
io whet caused the diference between the Chenge and Move isomorphe in this
muhwmmmmwdmmmwm
both lsomaphe.  The mejor differsnce between the results for the two isomorphe was
mmummmmwwgm.mmm
mmwmmmmuwdwmwmm
mmmmw'mmmtuswmmmm.
hmmmmmmwm:mmmmnm
m.umawmrmm.mmmm.eannmmm
Advice and Task Exsmple oups. R seeme reasonsbie 1o airibule this conjunciion
of resulls 10 the same couse: that these groups of subjects followed or sttempled 1o
Jollow the advice. However, when subjects in the Move isomorph atiempied to follow
the advice, They unexpeciedly encountered severs problems.

Mummmmmmmmwmum
by some difecence in the sdvice o how subjects caried i out. Cancelvably, the
dilerence might heve Deen caused by some flaw in the conetruction of the Move
wmx(mmmdmwmmsma.sm. his
wmmnmmmmmbmmwmcw
Example and Rule Alone groups in the EMclancy task.  As described above,
perforaence in the Task Example and No AVCS (FOUDS wes COMparabie in the two
isomorphe. As we will 300 In the next chaplur, subjects in the two isomorphs
WMWMMWONI*O”MI\MMHMM
lask, oversll acouracy wes quite similar in the two 'eoma.phs 22 The fact that the

piscuon Bmes 16 ier fo: o twe KO OrENG. In panicuier, the Concept Example group wes the
mmhncwvmuuummhuumw.

aifferenca is isolsied 1o tha RAule Alona ang Concapl E~.mpla groups n the

EMficiency task suggests that ihe ditfaranca the | pha was Causdo Dby
dilferences in the advice as i related to the Efficlency task and not by tha

translormation of the problems themseives

.

- So what aspecis of the advice might have causad tha diffsrenca? Consider again

the sdvice lor the two isomosohs, reproduced below with their raspectiva Concapt

* CHANGE Js usually thy most efficient command 10 usa whanever you Can
mm.noqoclmwmpoyouwmbymungMImlcommnd:

EXAMLE: Use CHANGE when you have a dismond and need a trangia
get 10 either of these shapes with just ona
the problem i you have a

MOVE is ususlly the most efficient command lo use wheneve’ you can
wmoonctwolmeoxyouwlmbyMMIomcommnd.
otherwise avold using MOVE.

EXAMPLE: Use MOVE when you have a dlamond in BOX-A and need a
diamond in either BOX-B (which is Inside BOX-A) or in TOP (which
conising BOX-A), you can get to either of thess boxas with just ona
command. Looklormothﬂmylommoprobhmuyounudu
dlamond In any other Box.

The Change advica (and especially the Concepl Exsmple) is quita concrate and
desls with simple relationships between famillar geomelric objects. Thara's 2 fals
dagres of Cerisinty about which shapes have the relationship specitied in the advica
A dismond s aiways ‘one side more® than a iriangie and “one sida lase® than 2
pentagon. In contrast, the Move advice depends on a relationship of location,
iovohing boxas in varying configurations.  The axample invoivas ona hypothatical
configuration of boxass with particular names, but thera is no certainty In the Box:

World domain that Box-A will siways contain a smalier Box-B. So tha concapt of an




object being ‘one box awey® ‘s less concrete and less definkte than ihe concapt of
&n object having ‘one mure side of One fewer 8ide.° As a resull, the Rule Alona
and Concept Examp’e subjects In the Move ieomuwph maey have formed a very
imprecies represuntation of the advice. 1. iact thet thelr accurscy was 30 much
Ic0r than %xe other groups sugQgesw that they aciuslly relled on SOMe representation
of the Zunice. The fact thoy were equally accursie on Appiopriste snd inspproprista
¥icis suggests thet whalever represeniation they did Jorm wae Guite dMferent from
whet wee Intenced. .

R should be possible 10 test the hypoihes's that the difference in raprasentations

of the advice was due 10 concreleness. A mors “concrets® Move leomorph could be

.Cresied. Lacalions right be specified se 3iots In cerain fixed positions rathe: than
o8 relative poskions In & nesting of bores.2 M Whe concratenses is the key, then

performance_ in this new isomorph shouid be much more #ke performance in the
Change ‘somorph.  (ANernatively, & might be possible 80 Crezis a Mora abstract
Chenge leomorph In which objects teke on arbiary siwibutes instead of famillar
geomedric shapes. Mmmhmmmmmm
wommwmummpm‘




Chapter 6
RESULTS AND DISCUSSION, PART i

The Recall and Advice Recognition tasks Stismnt tc deve more dedply into what
the subjects learned lrom reading the dierent forme of advice Aecaling the sdvice
and- recognizing actions hal are congistent with 4 seem to be resaonable
prerequisites 1o following the adwice. So these tasks were intended to check that
subjecis met these prerequisies and 1o revial any diferences detween the forms of

agvice.

6.1. Recall Task

Aver mwm' the Eflficiency Tesk, subjects were eskad lo wrile ahoft answera

10 wee Questions (lhe exaci questions appesr in Figure 4-8)

€.1.1. Recall of Advice

swpwmwjumwlamdmo(amm.mminmphu

Task Example) were asked (o recalt the advice Hseil.

Scoring

Two judgea ndependently scored the cecalt nawera on the following three-poiat

scale:

* No credit (0 pointg) lor no or ik« that menth r 9
thal was relevant (o how 10 use the commands 2fficlently

* Pantial credit (.5 points) for enswera that maentoned sfficiont use of
commands. capturlng the spirt of the aavice bul omilting or inco-recily
stating the °at most one command” constraint,

* Full credit (1 point) for answars that correctly atated the “at most on®
command® constraint.

Sample responess for each of these tvee coding categones e provided in

Appendix E The correistion between the ™0 haages' scores waa (= 77. end

dissgroements ware (esoived to mutual satistection.

Table &1 presants the meen recsi scores as 2 funcilon of instruction and
isomorph. A 3x2x2 Analysis of Variance (ANOVA) was performed aver the Inatruction.

tsomorph and Replicetion fectors,  Recall oversll was nol oulstanding, with the meen

score about 46.

The form of Inatruciion in the manuals had e signuicent affact on how well
subjects lmnmbcl;d the edvice. FH2.7V)=43, p< 05 Sublecta in the Concept
Example and Rule Alone conditions remembered the advice ajout equelly well. but
subjects in the Task Exemple group had much worse recall {27) As mentioned
onlier, the poos ¢ -4 of the Task Example group supporia either of (wo
inlerpretations:  subje<cts In this group mey never have processed the advice woll
encugh 10 secall it Of the example may have led them to reinteipial 1he advice In
such e woy that they could noi recall the origingl interpretation sccurelely Subjecta
in the Concept Examgie Group. at isssi in the Change isomoiph. appea: to heve

secaed the edvice best, but the contraal betwesn ihis Gfoup and the Rule Alone

group was not significant

Thers wes no main effect of Isomorph: aubjects ln the Change and Move

tsomorphs recalied the advice equally wei oversi. Thers waa also no Interection of
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Insirucsion vih lsomorph, even though subjects in the Change isomorph seemed to
heve better recall than subjects in the Move lsomorph for the Concept Example
condtia (.71 ve. .50) and worse fecal = the Task Exampie condition (.19 vs .35)

Given thet oversll recall appeared faidy week on this measure, K I8 worth
reconeidering whether any subjects were sbis 10 fullow the advice on the Eficiency
task. The evidence thel the Concept Example anc Aule Alone groups did follow the
advice Is the fact What thess Qroups showed the predicied effect of Appropriateness,
at jesst 10 the Change lsomorph. The only cilersnce between Whe Appropriaie and
wmmma&m&mmammmmu
he advice 10 find the mast eMicient solution. Funthermore, the fecall resulls are
conslstent with the Eficiency lesk results: Ihe Qroups that showed most ewidence of
following the acvice aleo obiained the highest recall ecores, and the group that
showed 10 svidence of lollowing the advice hed worst recell. ‘Tids conjunction of
reoults mekes K Seem ressonable 10 conclude Whel subjects in the Concent Example
and Mule Alons Qroups were able 10 follow the advice. desphe thelr relatively poor
+howing on the recall task.

N s aiec interesting to spacuisie on whether the poar showing of the advice in
genersl was due 10 poor recall of & oversll. ¥ recall of the atvice had been
grester, would subjects in the advice conditions have performed beter than subjects
In the No Aavice group? In order 10 indirecly assess the impuriance of recall on
performence In the Efficiency task, the sccuracy dela for the three advice Qroups In
the Change leomorph wers reanshyzed using the recell scores as covaristes.
m,m.mmdeMmmWM.o¢m
sdjusting the scores ‘o reflect recall did not produce nolicesbie ditferences in the
cell means. So as o Qroup, the subjects In, for example, the Rule Alone group

produced a faiy simiiar pattern of resuiis on the Efficlency tesk regardiess of
whelher individust subjects In the group later recelved a high score or a low score
on the recal tesi. Whei this suggests is that the recall test was not a sensillve
enough measure of what subjects got out of reading the advice. some subjects who
remembered and acled on the advice may have scored poorty cn the recall test,

W because the question {(or probe) wes 100 vague

6.1 2. Recall of Examples

Subjects who had seen examples In conjunciion with the advice (.o, the Concept
Example and Task Example condiions) were asked 1o secall the exanple. Recall of
the exampie m overall quite poor. Oniy 18% of the subjects recelied all or part of
the example they had sesn. An additional 22% of the subjects repioduced the
general rule for the advice but not the specific example. Neerly o third {27%) ot the
subjecis were unable 10 give dny answer et al, and another 35% gave answers that
didn't relate to the advice at elk: they reproduced the syntactic sules for the Change

and -Move commands or examplas of these rules.

Subjects were asked 1o angwer this Guestion before trying fo recall the advice

Without Ihs context. they may have gotten fused about whether the examgie in

question was the exampies for the syntex rules that ware aiso inciuded In the manual
or the exemple for the edvice. In addition, K may have been difficult to frame a
response about the Task Exemple, since It Involved a specific diagram and goal

sltuation.

-




TABLE 6-1

RECALL OF ADVICER:

NHean Recall Scores as 8 function of
Instruction and Isomorph

INSTRUCTION
Coucs)t Task
Rule Alone Sxasple Bxanple
MARG.
Change
Iaomorph .53 1N .19 .48
Hove

Isomorph - 48 .50 .35 Y

MARGINALS 5 .61 W2

100

6 1 N Retrospective RepOrn on Solution Sirategy

Finelly. subjects were esked 10 retroSpeciively describe ihe st-aioQy they used 10

solve the problems There wes quite e it of verietion in the type of response

.subjects gave 10 this queation. A number of responses essentlally recapped the task

instructions.  About’ 60 responses focused on ‘inding e complete soiution stretegy.
sbout halt of thess mentioneC counting Steps 10 find the moat efficient solution, the
other hal [ust referred to comparing “my solution® to “i.e computer's solution *
Another group of ebout 30 subjects seemed to focus on Lhe Individual Doxes rether
inan on an overel solution. They mentloned lrying to “solva one box et e time *
Of these, about heif expiicitly mentioned atretegies for choosing between the Chenge
and Mave commands. For exempie. some mantioned looking only at neerby objects.
or irying 10 move objects before considering changing shepes. or making minimel
shape changes. Only eight subjects claimed (0 nave no Stretegy epan from guessing
or Quessing on m-m they thought were herd The responses In generel were

somewhat vague and were not enalyzed beyond this rough caiegorizztion

8.2. Advice Recognition Task

Tias task essessed sublecis’ ebiity to judge wheiher of not a solution wes
consietent with the advice In the manusl. Before performing this task. subjevts were
olpl_cm reminded’ of the advice As in the Elficie. oy task, subjects were presented
with a situstion and @ goal. After they studied the situation and the goel. the
computer proposed an action for achieving part of the goal Subjecis were toid to
decide whether or not this ection wes consistent wilh the advice, regerdiess of
whether the action was part of the most efficient solution (o the problem  See

Chepler 4 for a more complate description of this 1esk.



Subjecis’ performance was as8eesed both In terme of accuracy and raaction limes
MMMWMM&MMWWMWM!W!O
meake @ correct decielon once the Acion statement appesred). For each dapendent
mammmumwmmmmmmmmmu
Maich, Diticulty and tsomorph facicrs.

8.2.1. Accuracy of v .~leions

waummmdmmdumu.mo«mm
instruceion, Advice-Redpanee Maich, end Diticulry. The daia on the et side of the
M“MMHINMMWM“MW
condhions. The dats on the right side are for the Move leomorph. The Jata ara
anmmmuu(mwpdmm)muwm«(m
botiom).

The data show no oversl effect of instruction; subjects in all Wwee Instruction
. .INONS wers COrrect on about two-hirds of the irale. Thecs wes aleo no efta
MWWWMNMNMMW.M
acoursie oversl. As In the Eficlency task, subjects performed significantly better on
Esey tels than on Hud Wiels, R1.20)=18.7, p< O, Subjects’ scores aversged
twaive percentage points higher when irisle were Easy.

mmammmmmdmmm.wddwm
performence somewhat. Wmmmowmb(oﬂhucmmiumhu
o Tool Example) were (0% more accuraie than subjects who ssw the advice without
eleboration (the Rule Alone condition), {3%)=2 74, p<.05. Tris resull conirasts with
mmamemmmum.hmwmmmamm

mmnmmmc«mbmﬂom.mmdumum

TABLE 6-2

ADVICE RECOGNITION TA::

Percent Torrect Uecisions as a Punction of B
Isomorph, Instruction, Match and Difficulty

CBANGE ISOMORPH

HOVE ISOMOR™ 3

Rule Concept Task
Alone Example Example

Rule “oncept Task
Alone Example Example

BASY TRIALS
Use-Yas
Use-No
Don’t Use-Yes

Don’t Use-No
HARG.

HBARD TRIALS
Use-Yas
Use-No
Don’t Use-"ss

Don’t Use-No

MARG.

.15 N N}
54 67 .54
.58 N .n
.19 .96 <79
.66 .76 )
.50 .68 .67
42 42 A7
.50 .42 25
.15 .83 .83
.54 .59 .61

+50 .15 .83
.60 .n .67
.65 .67 .92
.50 .n .92
.56 n .84
’
.70 .50 .56
.40 .38 .42
.50 .58 .67
.60 .81 .15
.35 .62 .60

105




g

Mmmrmaumm. The example groups masy have performed
mmmmmumumwu«mdmc
80vce (and thekr example, i any) belors completing this lask snd the fask explicilly
required compering tha proposed action 10 the advice. This reminder gave the Task
W.MMWNOMIOM(GM&)“MM
mw.mmmmmn.ummaomm1m.
eisher kind of example heiped performence.

Porformance on this task wee frelatively low, a8 the marginele in Table 6-2
indicete. Performance oversll averaged about €7% correct. The division of triale into
mmmmmm.ummuuhbmm
more Gificult than others, A387je9.7, p<.01. The best performance (77% correct)
came on the Don‘t Use-No iriels. in these ¥iels, subjects were presenied with an
mmmmmmmwmmmmmu.o..m
aclion was not conelstent with the acvice). The worst performance (52% corect)
mw“mm.hmw.MbGMMMImﬂmo
mdmmmmnmmmm,wmuwbmm

acden that the compuler proposes, 30 the COrrect reeponee le No.?*

mmmammm.wmnmumum
festures Influence how esay K is 10 idenily the advised soluticn. [t was relaiively
myumnwmmmmmm.mmwmm:m
mnmw1mmmmm.w¢m1mmum. Since
mmmunumnmmummmemmmm

emmmummmmwumm.:mmmmw

29p0, 2 semple Dont Us lo Wiel, 200 el C-7 in Appendiz A, Tel 8-¢ is 2 UseNo el

- . )
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deniify solution oeths consistent with . This may meen that subjects need more

expiicit instructions of “ireining® n how to follow the eavice

Anciher reason why scores in the Advice Recognition task mey have yoen
rolatively low s that subjects may have confused the Instrustions for this task with
\he instructions for the Efficiency tesk that they had akeady compieied. Althaugh
they were expliciily 10id 1o judge the proposed action for consistency wilhout regerd
for whether W led 1o the most efficient solution, subjecis mey not have been able to
drop the efficlency < erion. The effect of such *contemination” cen be assessed by

counterbalancing the order of the two 1sks.

8.2.2. Reaction Time

The ¢Yerences between the typey of irisis discussed sbove were rnot refleciec in
the reaction limes _’obh 6-3 shows the everege amount of time (In seconds) needed
10 1agke u correct decision on an Advice Task trisl (the sums of the times for the
Encoding & Planning end the Decision intervais) The date ere egein presented es @

funciion of Instruction, Adwce-Response Meich end Difficuly.  The only fector to

.produce e main effect wes Dilficulty; subjects spent sbout 25 3econds on in Eesy

iria) end 37 s~.onds on e Herd trial, F{1.20)=74 5, p<.0Y

There was, however, e significant Instruction x isomorph interection, F2,29)=3.8,
p<05, and e (hree-wey Instruction x isomorph  x  Difficulty  Interaction,
A2.20)=10.2,p<.01.  These Interaciions Indicety thet the Concept Example group
periormed differently in the Change end Move isomorphs: in the Chenge isomorph,
the Concept Exsmple group gave the festest fasponses, while in the Mcve 1somorph,

the Concept Exemple group geve the slowest responses. This dilterence wes lerger

for Hard tasks then for Easy tesks. This resuit may refiect the fact that the Concept




TABLE 6-3

ADVICES RECOGNITION TASK:

Overell Reuction Time (in seconds),
presanted as 8 functioa of Isomorph,
Instruction, Match and Difficulty

CEBANGE XSOHORPE MOVE ESOMORPH
Rule  Concept Task fule Concept Toak
Alone Rxsapla Bxample Alone Example BExample
BASY TRIALS
Use-Tes 26.1 23.9 23.6 .8 29.7 22.4
Use-No 28.4 26.2 °  26.5 20.1 8.6 . 22.6
Oon't Use-Tas 22.6 17.2 26.3 1.1 N3 22.0
Doa’t Use-No 20.0 12.3 29.6 23.2 32.5 22.8
i MARG. 24.3 1.4 26.5 2.1 1.5 22.5
SARD TRIALS
i Use-Yes 39.1 28.2 2.6 32.5 48.1 39.1
| Use-No 46.2 21.1 31.0 12.5 61.0 38.4
Don’t Use-Tes 36.7 30.9 49.2 2.8 49.8 25.9
| Don‘’t Uae-No 36.3 26.2 42.2 38.1 54.2 6.3,
! .
| HARG. 39.6 28.1 41.3 21.0 5.3 3.9

- - e
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Example wesa mole concrele In the Chenge lsomorph then in the Move 1s0Morph (see

the dis lon in the previous pier). The Task Exemple groups were presumably

unaffecied because the diagiam pravided extra speciilcity.

6.3. Replication eflects

. The generality of the results of this experiment is weskensd by repiication effects
Two distinct groups of subjects perdormed the experiment.  The EH-Only Replication
subjects (who performed the Eificiency task but not the Advice Recognition task) were
primarly students ai Carnegie-Melion. The EHBAdv subjecis (who performed both
tasks], were primarily from the University of Pinsburgh. The Repiication lector was
included M ai analyses for the Elficlency ano Recall tasks (AW subjects who
periormed the Advice Recognition task were from the same Replication) In generel.
subjects In the Et-Only Raplication were quicker and moie accurale than the EHBAdv

subjects. Below is & summary of the replication effects.

in the Efficlenc' task. subjecis in the Et-Only Replication were more lcct;mo
Thel scores were alvut 10 points higher than the EfiéAdv group in both the Change
jsomorph end the Move isomorph (F(1.40)=12.0. p< 01 end F1.57)=4 7. p< 05,
respectivety) in the Move tsomorph, there was aiso a significent (hree-wey interection
of instruction x Difficuity x Replication, R3.57)=4 7. p<.01. Twa Instruction conditions
(Corzept Example and Task Exampie) ssemed (o coniribute most 10 this inleraction.
Both gioups were much less accurele on Hard Inais i the El-Only Replication. bul
1n the E‘8Adv Replicalion, ihere wes no diference butween Easy and Hard ‘riais for

these Instruciion Qroups

The reeclion time meesures lor the Efficiency tesk aiso produced some effecis ol

repication. but only in the Chenge isomorph. in the Encoding and Planning Inlerval.
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thers was no mein effect of Mepiication. Thers wes 8 three-wsy interaction of
insruction x OWiculty x Repliostion F3,40)=4.2, .0<.08, and & four-way interaction of
insruction x Appropristences x Dificully x Replication RJ.40)=33. p<.06. These
Interactions seem 10 be due 10 One condition, the subjects in the EN-Only Replication
who sudied the Rule Alone inswwuctions. The eifects of both Difficuty and
wmmmnwmummmwm.mm
Dscision intervei, there wes & main eltect of Mepliceon, R1.40)=7.8, P<.01.
WhmtﬂMMMISMMMMhMEﬂM
group. mwwummw R1.40)=4.0,
p=.08. whmumwmmmmwnw
WM(‘.O“&.“.MM“E”MMWO
sbout 3 second fasie; on the Appropriate i ‘¢ then the inappropriate trisis (7.8 ve.

0.7 secs).

M.mm:ndm.mmmdmm:mtlunmm
the advice equelly well: thers wes no mein eifect of Repiication and thie factor did

not Interact with any other facior.

Thess eoffects and ineractions wesken Whe generalty of the findings since they
sggest thel effects of edvice very for diferent Qroups of subjects of for other
unconirolied reseone. in general, the patiern of efects suggests simply that the Eft-
,mymmqmwmmmmmenmm. The overak
W“mmumiﬂwmmyNthMdm«m
student profiies at Camegie-Melion and the University of Phtvburgh. Carnegle-Melion
students aleo 8@ More Mkely 10 have Wraining in problem soMing and othes skis that
mm»mm»mmmmnmmmmm’.nm

hmmwmwmmﬂononmopcuhMuom.
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including such information as SAT scores. GPA. spatlal reusoning abil'ty. major fisld

of study, snd so on
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Chapter 7
CONCLUSION

7.1. The Role of Elaborations in instructional Texts

mwummwnmum'mw-m.m@m
Instructional text for skt leeming. The wadiione! wisdom on the content of such
fex10 aseuUMed that leemers benelt Wrom delsliec expienations of every relevant poini.
The ressarch of Reder, Chemey & Morpan (in press) and Carroll (1985) suggested
thel this is not the case. in fact, Reder, Chamey & Morgan’s results suggested that
loamers benefit only kom elsborsiions on penioder types of information in &
computer user'a menual. Bolh novics and experienced COMDUIer USers performed
weks on the compuier more efficiently # ey had studied elaborations of the
commend synisx, Dut elaboralions about the funciion of the commands or when io
apply them had no effect on performance.

The aresent research wae designed 10 expiore ithie reeult further. Is i true that
olaborations on “selection Information® have no benei for fesmers? Or was the
leck of any bene due 10 the particulsr tasks of the particuler elaborations we hed
chosen in 1he experiment? The enewers 10 1hese Qquestions are important because of
MWMMM.HMMhMMWﬂM.M
MMMM%MW.MMMMMWWx
do. then they can aocale ther efforts sccordingy. Cn the olher hand. K the

beneft of selection eleborations depends on (he lask (hen wilers must do Careful
anatyses of the kinds of iasks Isarners might perform in order t0 decide wheiher

slaborations on the selection inlormation are worthwhile

in an atiempt 10 find out wh.ther selection information benelits from eleboration. |
designed a new tesk in which careful selection betwesn commands was essential fo
good parformance. Selection information was siated as an advisory rule for choosing
between commands In some manuale, the advice was unelaborated (Rule Alone).
while In others i was elaborated with one of two forms of examples {Concept
Example or Task Exampie). Examples were chosen lo elaborate ihd advics because

examples have olten proven quite effective for learning to apply rules

The resulis of the experiment suggest that two groups of subjects. the subjects
who sludied unelaborated advice (the Rule Alone group} and the subjects who
studied advice oll-bomod with a Concept Example did {ollow the advice These
subjects reled on the advice equally strongly, and did 80 regardiess of whather tasks
were easy of difficuit.  Haowever, following the advice In this experiment did not
irpiove subjects’ performance over subjects who saw no advice al al  The failure
ol the advk, 1o improve perormance suggesis either that the advice itsell was
deficient of that subjecis did not lerrn how 10 apply tha advice weii enough. In

skther case. the experinient sheds some Nght on the efleciiveness of dilferent forms

of advice and on how wiling people are to folow the advice

To the extem that selsborating the advice with sn example diJ nol Improve
performance significantly over having the adsce alone. the evidence suggests that
selection aformation msy really be a type of information that doesn’t benefit from

olaboration. However. the daia are noi clean enough 10 permit such a conclusion

-




rawmmmmmrwwmmmmmmyu
he rest of the subjects who Saw advice. The Task Example subjects may not have
peid enough atlention 10 the advice of they may heve reinierpreied K In an
unexpecied way. summmuwn_-m;mnummm_cm
form of elaboration, U s Imporiant 10 investigale whet happened; perhaps N subjects
MMMMMW\QOOO”T.&W.MM«MM
have Deen superior 10 8y 0Iher Qroup, including SUbjects who saw NO scvice

mmmmmmmmmmumm

mprove thelr periormence tels us somathing sbout how wiling peopile are 1o rely 0n
aMos. We have seversl other indications in this experiment thet pecple rely heavily
onuMl.:o. First, subjects were consistently misied by the advice into making wrong
anewers on the lnsppropriaie Wisle. Second, subjects relled on the advice equally
heavily on Essy wisls 88 on Herd wisls. This degree of reliance on advice e
mmumummm.uummmmmnm
reporied needing speciel eforts 10 get wtudenis to employ genersl problem-soMng
haurietice (e.g.. Schoenield, 1979). Perhaps pecple were more willing to rely on the
80vice because i wae related directly 10 @ specitic procedure il.e., the Change or
Move command) in @ specific domeln (Le., BoxWorld). The rellence on advice is
worrisome beceuse we would Wke siudents 10 USe advice judiclously. It le possibie
thet wih more experience, subjects would Come 10 rely lees on the sdvice.  In sny
C880, ¢ lesson that clearly emerges from this experiment s that wrilers should lake
care when gMing advice. Advice that seeme sensible and heiplul doesn't aiways
improve performance. Furthermore, writers should iry 10 assess how often advice is
inappropriste, since people who follow the Ldvice may easlly be led astrey.

S e Py
N G Do 2 o e
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7.2. Goals for Future Research

The resesrch prassnted hers poinis the wey o fulure studies on Iwo dilterent

lovels. the local level of this experimentsl psrsdigm &nd the more genaral tevel ol the

.content of instructional texis

First, the rasults of the experiment provided e number of surprisss and puzzies

that bear further investigation These Include’

* the spparent unheipluiness of the sdvice in genersl;

* the unexpecied behavior of the Task Example subjecis, who beheved
uniike the other groups that saw advice; .

* the unusull behavior of subjects In the Move Iisomorph, whose
performance seemed to sulfer when ihey lried to foliow the advice, and

* the poor performance of subjecis in generai on the Recell end Advics
Recognition 1sske.

Speciic proposals for investigsting some of thess puzzies wers pre.enied In

Chepters 5 and 6.

On the more gensral levsl of rasesrch into the conlent of instruction, thers Is
aleo much resesrch 1o be done. First, we obviously cen't conciude from this study
ihat selaction information Is e type of k dmatlon that nesds no elaborslion Logicelly,
we will never be able 1o demonsirets this fect dirachy. Whenever e siudy shows thet
seleciion elaboretions fell to 'mprove performance it will be possibie to claim thst the

study stil employed the wrong tesks or the wrnng e'r™~rsiions.

There are two weys lo bresk out of this cycle. One wsy would be lo bulld up a
targe body ol evidence from studies like the present one whick spun e vsristy of

task comains end use the most pleutible tasks end mbon,uom possible '/ we ling

~-
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he seme resull over and over agein, i might be ressonsbie to conclude thet
_mmmmmbmmnmm The second way 10 break
the cycle would be ic adopt &8 more theorsical approesh. ¥ we assume for the
mdwmmm1mmwmmwmm
seloction Injormation, then i is intersaing 10 ask why they don't snd why peopie do
seem 10 beneft from elsborations about the commend Symiax. i we can pinpoint
mmmmmdmamanmdm.m
mmwuwnmmmmmammwmm
beneit from eleboration.

The Mnd of offont requiree Kdenlying sgnifcant simiarkies and Giterences
mmmm.mmmmmw»mm
simiiarity between syntax Information and selecion information: both types of
mmmunmummmwmwmmhm
shustions. m\mmmmm-ommummt&m
odvice: m-mmmmmmmmtmhm
fom of a rule. However, the reesults of Ihis axperiment Indicale thai concepl
mammmmmmmm. The behevior of
e Task Exsmple group merks further inveesgetion on thi account.

This reseerch ae0 proposed a difference betwsen syniax informetion snd stiection
information. Empioying the former type of Information s compuisory, but the lsef s
discretionary. That Js. people cannot parfora sny tasks on the computer “without
knowing how 10 lscus the commends they select comectly.  However, people can
olten funclion perfectly well without belecting the most sppropricte command: thay
mey be lees oificient, Dut they get the job done. Perhaps elsborations ara only
usel for compuieory information, in any case, a closer study of how subjecis went.

sl

-,
e

e

14

about golving the problems in the Efficiency \asx may haip shed more light on what

Wnds of iniormation they needed

in sum, systematic resaarch on what information iaarners need and why they need
% promiess 10 b~'» us achieve the goal of dicsovering how 10 write more effaciive

inetructional texis.
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Appendix A
BOX- YORLD MANUAL

Introduction

Box-Warld 18 a compuler program for manipuiating simpis geomeinc OR . c's that are
coniaingd 1 Boxes as pPiclurec n the diagrams below This man.l, all teach 40u Now 10
wiile commands to make the computer délete Objecis. move them from one box to anolher
or change their shape. 30 that you can accomphish goals hke taking the contiguraton of
Otjecis pictured belaw on the left and twming it 1ito Ine configuraton pictured on the nght
Some general feaiures of Box-World are described beiow. On the following pages you will
find wstructions for how 10 change. maove and delete Objecis

Types of Objects. The Qbjecis i ihe BoxWorld domain conssi of hive simple polygons
wrisngles. dlamonds pentagons hexa’ ns and heptagons

Arrangements of Boxes. Boxes appear on the screen as reclanguiar outlines A Boxe
World arrangement aiways stans wilh one very large box named TOP TOP can contain up
10 thvee Boxes. 8ach o which Can contain even smaller boxes.

identitying Soxes and Objects. in your ds 10 the compuler yCu will have 1O refer
1o Boxes and Objects by name Boxes are Wenuhed Dy a name Such a3 TOP or 60OX-A
pnnted » the upper ieft-hand corner of the box Objects hav, a number (from O lo 9
ponted ngide them  For example a inangie with the number J wside 1t s relerred 1o as
TRIANGLED. in order 10 distinguish 1t from DIAMONDI or TRIANGLES

&AL Ef@@
OXC

8er-A Aend

A Q@

Tof des-C

C T



Changing the Shape of an Object

JGE command 1G _ 1ange the shape of an Obrect For example you
Qentagon o 8 NexaQon of & dismond wen 3 nargie There .5 a hmit 0n
mcmmmoanobchwwww. you Can only add or
mmmmummm-wmoumu
hey have. 8y issung one CHANGE

Peragon {5 ndes)

Diamong (4 sides)

Ko
O reoem
a
O

’ A Tnangle (3 sides)
§ CAIAT
A CHANGE command has Hwee parns winch must be typed w the following order

CHANGE {NAME OF OBJECT] {TYPE QF CHANGE|

The frst pant 1 CHANGE. the nsme of the command. The second part 18 (R name of the
. . Object. such 38 PENTAGON1 The thwd part i3 the dvecion of the change tlype ether
MORE-SIDES 10 Qot 2 shape wih one more side Ihan tne Object has now or FEWER-
SIDES 10 get 2 shape mih one fewsr sides  To fiugn issuing the commang o the
compuier. press the RETURN key ,

.. The folowing command takes PENTAGONY and changes i info a ciamond (Dy making
nave FEWER SIDES)

CHANGE PENTAGONY FEWER-SIDES

E D T )
5 Pt v

Moving an Qbject to Another Box

You can use the MOVE command to put an Object 1o a aillerent Bos  ingwidual moves
are kimuted 10 crossing the eage ol only one Box This means that vin a singre MOVE
command. you can only move an Object wio the next sarger or nest Smaler 00x For
example. 3uppose the Object you want 1o maove 'S PENTAGON! anicn 18 nside 80« A 8y
wsung one MOVE command. you can either move the Object down nto 8OX-8 a smaller

. box ingide BOX-A or mave it up w0 TOP winch containg BOX-A To move PENTAGON1 nto
any other box. you. would have 10 ssue 2 sanes of MOVE commands one for each box

whose €008 you would have 10 cross So. to move PENTAGON! to 8OX-C you aould
ssue one command 10 move ¢ 10 TOP and another 1o move u trom TOP to 8OX-C  Wan
muitiple MOVE commanGs. you can mave any Object nto any bOx on tne screen

—

TOf

Box -4 Box-C

FORMAT

A MOVE command nas three parls wnich mus. be lyped «n the toligwing order

MOVE [NAME OF OBJECT| (DESTINATION|

The fust part 1s MOVE the name of Ihe command The second part s ine name of ine
Object. such as PENTAGONt!  The Ihrrd part 's the name of tne LoOx 'nat sou ~ant to
mave Ine Object to such as BOX-B To fimsh isswing tne commana {0 ine computer press
the RETURN key It you typed a destinaton tnat :s 100 “far away .inal 1§ j0u  ~ould
nave to cross the edge of more than one box to get there; the compuler il respond
“Desnnation 100 far ~ and ,ou° will have 1o issue a new AMOVE command

FY AMPLE

The loftowing commang t3kes PENTAGON! and puts i nto 80x 8
MOVE PENTAGONt! B8OX-8

121
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Deleting an Qbject

screen using the OELETE oom;'nand Cnce s0u Jee ? ‘

The Mrst 380 is DELETE. the name ol the command Vi3 secend past 1s the name of the
Obnammwm.muﬂiutmom

The lollowing command erases PENTAGONT from the Box-World:
OELETE PENTAGON!
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Appendix B
BOX-WORLD TASKS
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Sox-World Triel (8-4) .
Chenge leomorph Box-World Trial (B-4)

Change Isomorph

$iop
No becsuse the acien proposss & difersnt wey 1o Salve the problem. . Easy, Appropriate, Use

a

. = "A“
_ . |

Goal' Box-A should contain two crimgles only, and Box-8
should contain one ¢ entagon only

' Action Move triangle-4 to Box-A L

Most efficient solution.
Change diamond-3 into a triangle -- | step
Move pentagon-1 Lo Box-B -- 2steps

Efficiency Task response Mo
Advice Recognition response. No
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Box-World Tdal (C-7)
Chenge lsomorph
Ceny. inepproprisie, Don't Use

Box-World Trial (C-7)

Change Isomorph

Easy, inappropriate, Don’t Use

ToP

:'A 2‘C
r ey

—

Goal. Box-B should contain two diamonds and two
heptagons only

Action. Change pentagon-4 into  heptagon

Most efficient solution
Change pentagon-4 intc aheptagon 2 steps

Move diamond-1-to Box-B | step

Efficiency Task response ‘fes

Adwvice Recognition response Mo




Box-World Trial {E-6)
Change Isomorph

Hard, Appropriate, Don’t Use

Tor

%0 o
)

Goal Box-A should contain two diamonds only, and
Box-C should contain one pentagon and one hepragon
only :

Action. Change hexagon-2 into a diamond

Most efficient solution,

Move diamond-3 to Box-A 1 step
Move hexagon-2 to Box-C 2 steps
Change hexagon-2 1nto a pentagor; | step
Change hexagon-5 into aheptagon | step

Efficiency Task response No
Advice Recogmtion response Mo




-
-~

.

Sox-World Tral (€-18) : = i -
Chenge teomorph _ Box-World Trial (£-15)
e e Change lsomorph
E-18 s & Use problem becsuse you went snother dismond in Box-A. and thera is a .
Box-A that con be changed into a diemond in just one step. In this Hard, Inapprepriate, Use
- W's more eiMicient 10 move in the dlamond from

Toe {m-o

o 9

l:ﬂ\n 80X-¢
| o

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 2 steps
Move diarnond-1 to Box-A | step
, Move heptagon-4 to Box-C I step
: Move hexagon-5 to Top 1 step

Efficiency Task response Yes
Advice Recognition response Mo



~ Arpendix C
BOX-WORLD TASKS - MOVE ISOMORPHS o
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two hexsgons in Top, and there's a
hexegon In Bo-A that you can move 1o Top with one siep. The comect 196poNse is
No beosuse the action proposes s differet way

wiangle In Top 10 8 hexagon.
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Box-World Trial (8-4)

Move Isomorph

Easy, Appropriate, Use

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-4into a hexagon

Most efficient solution

Move hexagon-3 to Top -- 1 step
Change pentagon-1{ tnto a heptagon -- 2 steps

_ Efficiency Task response Mo

Advice Recognition response Mo




Box-World Trisl (C-7) . .
Move leomorph Box-World Trial (c-7)
€aey. inapproprists, Don't Use

went snother dlamond in BoxC. but the Move isomorph
moving the diemond from Top. in this

from Top is pen of Easy, inappropriate, Don’t Use

Ao

Cr

X

3

Goal Top should be empty, Box-A should contain two
diamonds among other objects, and Box-C sneuld
contain two diamonds among other objects

Action Move dtamond-4 to Box-C

Most efficient soluticn:
Move diamor:-4 to Box-C 2 steps

Change triangle-1into a diamond 1 step

Efficiency Tack response Yes
Advice Recognmtion response No

#
£ Aty




.

- Mow tomaph Box-World Trial (E-6)

€6 's & Dont Use prodlem becsuss you weni snothes diemond in Box-C and the HMove Isomorph
) ving . I ‘
most efficient oversll solution solves that Hard, Appropriate, Don't Use

Tor

0

-

A
| oA
' i

Goal: Top should be e:sipty and Box-A should contain
one hexagon among other objects, Box-B should contain
3 one hexagon among other objects and Box-C sha-*d

’ contain two diamonds among other objects

Action: Move diamond-2 to Box-C

Most efficient solution:

Change triangie-3 into a diamond | step

] Change diamond-3 into a hexagon 2 steps
o . . Move hexagon-2 to Box-B i step
: Move hexagon-S to Box-A | step

Efficiency Task response No

=

Advice Recognition response Mo
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Sox-World Trel (E-15)

Move isomorph i -
Herd, Inappropriste, Use Box-World frial (E-15) ;
.16 1o & Use problem Decauss you want sncthe: dlemond in BoxC, =nd thers is 3 Move Isomorph

damond In Box8 thet can be moved 10 SoxC with just one step. In this case, ihe _ |
Hard, Inappropriate, Use :
) \

mnw.-nmmnmwamuum.

Tor

30%-A

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
~hamoncis among other objects

Actionr Change diamond-3 into a hexagon

Most efficient solution’
Change diamond-3 into ahexagon 2 steps

Change triangle-1 into a diamond | step
Change pentagon-4 into ahexagon 1 step
Change diamond-S into apentagon | step

Efficiency Task response: Yes
Advice Recognition response. No

Lo
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Appendix D

DISTRIBUT!'ON OF SUBJECTS
AMONG CONDITIONS

APPEUDIX D

Distribution of Subjects asong Conditions tor
Recall of Advice, Advice Recognitlion and Efficlency Tasks

CHANGE 1SOMORPH

MOVE 1SOMORPH

No Rule Concpt Task
Advice Alone X3 €g

¥o Rule Concpt Task
Advice Alone Eg £g

RECALL OF 0 1" 12
ADVICE @ (5 6 (5
ADVICE

RECOGNI TION 0 6 6

TasK o @
EFFICIENCY 2 12 2

™ T8 (&) (8

(0)

(6)

(0) (6) (6) (s)

0 5
(0) (0) (0) (0)

15 17 17 16
(6) (6) (6) (6)

" The figures in parenthesers represent the number of these subjects

who were in the Eff-Only Reglication group.
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1t suggested to use the change command when a object needs 10 be
changed by only one side And to move objects from box to box when
NecCessary

w4 o
AT
.

v X3t

* it the number of sides 10 be Increased of decreassd is more than ong.
find another way of solving the problam

3

Appendix E
SAMPLE RECALL RESPONSES . * if you have to move thru more than one box. don't use move command
. * Use the "move’ command when only one move was necessary.

- . * The advice said not 1o use the CHANGE command o go from one shape
- ’ Sample Responses for Recall of Advice 10 snother which was seversl Steps away It said that a more efficient

i7=4
- could ususlly be found
# Respenses cored 90 &: e

ey

'Un'mm'wyllmmohn.mmenmmnmmd
sides. .

. . -wmmmumuw.u.w;mnm
’ 1ake fower moves o chenge an object then 1o move X.

'Uummwwunnhhmwwmmm
of commands.

Rospensee scored gy 1.8
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