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ABSTRACT

This paper is concerned with the issue of how verbai instructions infiusnce skiii
iearning. In particular, our goal is to 7utline the components of initiai cognitive skiii
acquisition and anaiyze what features of eiaboraticns in the instructionai materiais
can faciiitate each component. We Iidentify three basic components of skiii
iearning: learning novel concepts and the functionaiity of noval concepts and
procedures; learning how to execute the procedures; and Isarning the conditions
under which the procedures can and should be appiied. Each of these
components can be learned independently and each component can be a
"bottieneck” to acquiring a skill.

Three types of elaborations are analyzed in terms of the requirements of these
components: analogies, simple instantiations, and situation examples. We argue
that situation examples are the m: st useful type of elaboration for skill Isarning
because each example can contribute to learning in all three componsnts. On the
other hand, while. analogies can be constructed to illustrate each ‘omponent, they
are more likely to help- people learn the functionality of a procedure._than how to
execute it or when fo select it. However, since learners tend to rely on examples
as models, it is very important to choose examples with great care and to provide
enough examples to illustrate the range of application of a rule or procadure.
Otherwise, learners may interpret a ruie incorrectly or make spurious assumptions
about the conditions under which it applies.




1. Introduction.: Skill Learning and Theories of Cognition

Understanding the processes by which peopie iearn is fundamental to any theory of
cognition. Accounting for iearning adds constraints to theories of cognition; not only must a
theory account for aduit capacities, but it must aiso posit mechanisms for acquiring new
capabliities as aduit learnars do. Although the study of how information is acquired has
been central in memory research, only a few theories of cognition, probiem solving and the
like (e.g., Anderson, 1983; Kieras & Polson, 1985; Hayes & Simon, 1974) have been

concerned with specifying how a skili or procedure is initially acquired.

it seems natural and desirabie to try to apply what we have discovered about acquiring
factual information to the study of how people learn new skills or procedures. However, whiie
the findings from the memory domain are certainly relevant to the study of skill acqulsmon,_
they faii short of what is needed. At the very least, the standard parformance measures for
fact learning (e.g., recognition judgments, binary-choice decision tasks and recail protocois)
are inappropriate for measuring skili learning, which requires the learr.m to apply his or her
knowledge. Consider a budding scientist who has studied inferential statistics in order to
determine the reliability of experimental resuits. A fair test of how weil this student has
iearned the various statlstlc'al tests is not whether she can recaii their formulae, but rather
whether she can select_. the appropriate test and use It correctly to analyze the data.
Presented with two samples to contrast, the student must remember that there is & test
cailed the Student ttest and decide that it is an appropriate test for the data at hand.
Then she must retrieve the formula for the test, find and plug in vaiues for the variabies in

the formula correctly, and solve for the-corrent resuit.!

This exampie lliustrates that aithough skill iearning and fact iearning both involve the

'Romomboﬂng that the name of the test is “tlest* is not critical in this case, but in other skili tasks (such
as using a computer or constructing a proof), remembering the name of a procedure can be quite important.




acquisition of nev; information, they differ in the types of information that must be learned
and the ways in which the learner uses the information. The first obvious difference between
fact leaining and skill learning is that a skill has an execution component that is quite
specific to that skill and the requirements for executlon vary considerably from skill to skill.
The output for many skills comes in the form of complex motor activity, such as pressing a
cortain sequence of keys or fitting together the parts of a device. In contrast, the output
modes for demonstrating mastery of a fact are general, simple and well-learned: the learner
vocalizes or writes the fact that is retrieved from memory or signais whether the retrieved

representation meets socme criterion (e.9., recognition or paraphrase match).

One r3ason jor the variation Is that skills are often built up out of component skills,
which are called on in the manner of “subroutines.” For example, psrforming a ttest
involves at least two component skills: finding the mean and the atandard error of a
sample. A different procedure might involve finding a different mean, bu using some of the
came values to determine the error term. The relatloﬁshlp between ‘acts in a domain
seems qualitatively different from ‘the relationship between subroutines embedded ln‘ a
procedure. While it is common to “"unpack” a concept by retrieving related concepts, the

process Is seld&m as routine and unvarying as performing a fixed subroutine.

Another difference between skill learning and fact learning is that ihe context in which a
fact is retrieved can facilitate access to the learned information. A learner demonstrates fact
learning by retrieving a fact in response to a query. The query not only provides a retrieval
cue, but it also provides an appropriate occasion for retrieving that particular fact. In other
words, a person can be co.nsiderod to have mastered a fact if he or she can recall it when
specifically querled. But recall of procedures when queried is not sufficlent for mastery of a
skil. Knowing how to perform a sklll requires that the learner understand and appreciate

the contexts in which a particular procedure is appropriate. In the case given above,

7




deciding to use the ttest rather than some other test depends on knowing something about
the function of the ttest and something about the data to be analyzed. Granted, it is just
as important to know when to use a fuct as when to use a procedure. The difference Is,
however, that iearning a skil means knowing when to use the acquired procedures but
vaming a fact does not. A test of skill iearning shouid measure the iearner’'s abiiity to

choose procedures appropriately.

In addition to diiferences in what must be learned, there are aiso differences in how we
view "mastery” of a fact versus a skill. Although facts can vary in iearnability and strength,
we usually do not judge "how weil” a fact is recalied when it is recaiiled. In conetrast,
procedures not only vary in ease of learning, but most require practice for any degree of
competence to be attained. That is why in skil domains, we ciassify practtioners as
experts, novices or intermediates. We do not say that someone is "skiied” in a particular
domain until she can execute the procedures }apldly and rather effortlessly. A person wio
is slow to execute basic pro;:edures or who rehearses the requisite steps "deciaratively” is

usuaily judged to be a novice.

Because skiii learning lnvolveé different output requirements and dmellent standards for
proficiency, we need new, more sensitive measures in order to study skiil iearning. But,
more importantly, we need to cqnalder ciosely the cognitive mechanisms of skiil learning and
how they interact with those of fgéi ];\a";ﬂnlng. If skiil learning draws heavily on declarative
knowledge, then we might expect factors that affect encoding, retention and retrieval from
declarative memory to be important for skill learning. Conversely, if skili learning and fact
iearning involve iargely independent processes, then we might not exp.ect conditions that

faciiitate fact learning to have much benefit for skill learning.

One model of cognition that carefully considers where deciarative knowiedge interacts




with procedurai knowiedge is Anderson’s (1983) ACT" modei. Anderson foliows Fitts (1964)
in positing that iearners initially acquire a skill in deciarative form, usuaily from orai or
written instructions. Procedurai knowiedge of the skill, in the form of a production system,
anses only after hands-on practice. At first, in order to approximate the required skiil
behavior, the learner uses a set of generai-purpose productions to retrieve segments of the
deciarative representation of the instructions, and transiate them into a series of actions.
With additionai practice, the iearner graduaily constructs a set of skiii-specific productions
that directly incorporate the reievant deciarative knowiedge, eiiminating the extra step of
retrieving this information from deciarative memory. As the productions are compiied and
tuned, skili performance 'improves dramaticaily; performance becomes much more efficient

and requires much iess conscious attention.

in this model, deciarative knowledge becomes increasingly superfiuous to skiii
performance as l?amers gain expertise, but the deciarative representation i3 criticai to the
initiai stages of skiii iearning.. We mlg'ht expect, then, that factors Influencing the formation
of the deciarative representation wouid strongly infiuence initial skiii performance. in
particuiar, the form .of the verbai instructions on which the deciarative representation Is
based is cisarly quite important. if the iearner cannot extract an adequate deciarative
representation of what to do from the instructions, it is uniikely that he or she wiii be abie
to approximate the skii, except perhaps through trial-and-error or some other probiem-solving
heuristic. Further, since the initiai productions are based on the iearner's early
approximations of the skiii performance, the form of the verbai instructions may criticaily
infiuence what the skiil-specific productions iook iilie. Surprisingly, the issue of how verbai
instructions influence the Initlal acquisition of procedures is only beginning to receive

attention in the iiterature (e.g., Lefevre, 1985; Kieras & Poison, 1985; Hayes & Simon, 1979).

This paper, then, i8 concerned with the Initiai stage ¢f cognitive skiil acéulsltlon; that is,




how a novice iearns a sk'ii weil enough to use it. We mean to distinguish this stage, in

which the iearner acquires the bare essentiais of a cognitive skiil, from iater stages in which
the iearner becomes proficient. Theories concerned with proficiency (e.g., the dynamics of
speed-up with practice) have been developed by & number of researchers (e.g., Anderson,
1982; Neweil & Rosenbioom, 1981; Rosenbioom & Neweil, in press; Schneider & Shiffrin,
1977; Shiffrin & Dumais, 1981; Shiffrin & Schneider, 1977). Rather than trying to understand
the deveiopment of cognitive expertise, our goal is to expiore more carefuily the requisite
components of initial cognitive skiil acquisition and what features of the initiai verbai

instruviion facllitate each component,

We will begin by outlining three components that we consider crucial for initiai skiil
'sarning. Then we wil! describe three types of elaborations that wa balieve faciiitate iearning
and liiustrate the ways in wtilch they facllnaie the components of skiii iearning. Finaily, we

will summarize our-view as to where elaborations are beneficiai and where they are not.

y ¢

2. A Tn-Partite Model of Cognitive Skill Acquisition

We concsive of initial skiil iearning as consisting of three critical components:

* learning novc conéepts and tha functionaiity of novel procedures;
* learning how to exesute the procedures;

* ilearning the conditions under which a procedure is applied; and remembering the
best procedure to execute in a given situation.

In other words, iearning a skili means knowing what proceduies exist for accomplishing
various goals, knowing how to carry out the proc~dures, and knowing under what
circumstances to apply them (inciuding remembering to use them when the situation
warrants). Each of these components can be learned independenty and each component
can be a "bottleneck” to acquiring a skii.  Furthbarmore, the reiative importance of the

components may vary, depending on the type of skil being iearned: assembiing a piece of
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equipmeiit, oporating a device, using a computer -ystem, solving problems. This section wiil

consider the requirements of each component in more detail.

2.1. ..ea}nlnq Novel Concepts and the Functionality of Procedures

For someone learning an entirely new skill, the idea of what «inds of things can be
accomplished and what objects the procedures act on may be entirely unfamiliar. Consider
someone who is8 learning to use a computer text-editor (e.g., EMACS) for the first time. A
proficient typist who has never used a word-processor wiil consider it a novel concept to
insert a word .lnto a string Instcad of erasing a line and retyping it. Features such as
automatic line wrapping, muitiple windows into the same file, keyboard macros and Kili
buffers are other concepts that wiil be entirely new. :n addition to novel concepts such as
these, the novice user must also find out what things can and cannot be dcne with a text-
editor. That is, the learner ;'léeds to know what distinct procedures (In this case, what

commands) are avaiiabie in the text-editing svstem and understand what eech one does.

It is important to distinguish between: lew:ning a procedure’'s functionality and acquiring a
"mental model” of the system that ues these procedures. Learning the concepts und the
function of individual procedures dues not entaii acquiring a mental model of a system (i.e.,
its components and how they interact). Although a sophisticated understanding of the
concepts and prosedures may involve the construction of a mentalimodel. a mental model is
nct always necessary for proficient skill performance. For example, many experienced drivers
have little more than a crude idea of how a car works. The value of a mental model to
thg rovice iearner depends on the type of skill being iearned. As Kieras (1985) points out, a
mental model of how a device works Is only likely to improve performance ¥ the procedures
for operating or assembling the device can be inferred from knowing how the parts interact.
In a computer operaplng system, the syntax and the names of commands are oftentimes

chosen arbitrarily, so having a mental model of how a computer works is not likely to help
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people iearn and remember how to execute the commands. On the other hand, when the
goal is to troutle-choot the system, having a mental modei can be very heipful. That is,
when tha computer is not responding in the expected way, it is much easier to diagnose
the troubie if one has a mental modei of what the computer does u'nder various

circumstances.

2.2. Leaming How to Execute New Procedures

It is often crucial in skill iearning to remember fairly arbitrary assoclaticns of objects and
functions (e.g., which button on a controi panet produces the desired state) and to be abie
to reproduce exact sequences of symhois and actions. in this respect, skiil ieaming is quite
different from fact lear~ing. When seeking deciarative information, peopie are usuaily highly
tolerant of gist reporting, paraphrasing and 2ven slips of the tongue. It is irrelevant for
most purposes whether a fact presented in one syntactic form (e.g., passive) is stored or
retrieved in anothei (e.g., active). in cont.ast, theie is low tolarance for such variation in
most cognitive skiil domains. For example, ;:ompmers cannot commonly recognize a wide
range of synonyms or abbreviations of crucial terms. in fact, computers are notoriously
"literai-minds~~ when a user presses the wrong key, the computer at best responds with an
error mesaage, aﬁd at worst performs an undesired action. The computer has iittie or no
capacity to infar what key the user intended, even if the key he typed had a slmilar' iabel or
was physically near the correct key. Given the current tecl';nolooy. learners must strictly
adhere to the vocabulary and syntactic rules of whatever system, ianguage or program they
are us}ng. Equelly strict conditions o the sequence of operations and the use of symbois

areé imposed in many non-computer skili domeins.

The complexity of the execution component depends on the nature of the procedure and
the skili domain itseif. In many domains, the task r‘ '8z.ning to execute & procedure

consists of iearning three eluments:




* the name of the procedure,
* the rule describing a sequence of operations, and

* the method of binding variabies in the ruie to objects in that probiem space.

These three elements can be lilustratud most clearly in the case of computer commands.
Suppose that a learner is given the task of renaming a file. To execute the procedurc the
iearner must first remember the nane of the command (e.g., RENAME). Then he rnust
reproduce the sequence c¢ arguments that the RENAME command -equires (e.g, type the
name of the command, then the current name of the file, then the desired name cf the
file). In this sequence, the name of the command (RENAME) is a constant term, but ihe
present and desired names are varie' 'es. The learnor must determine the values of these
variables for the present situation, and plug the values into the correci piaces in the

sequencs.

The first and third elements, learning the name of a procedure and iearning to bind
variables, are not required in all skills. They are most often required in skills like using a
computer that involve a set of general, muiti-purpose procedures. Whereas the procedures
in a « Jmputer manu_al can be used over and over in novel combinations to accompiish a
wide variety »f goais, the goal is fairly fixed in an assembly task or a device c¢Deration task.
For example, when one Is learning to put together a stereo phonograph system, there is a
specific, known object that a closed set of pieces is going to form. In this case, the
rlescriptions of the piccedures can be completely explicit, naming the exact parts that are
invoived at each stage. Each step in the assembly is performed only once. Under these

clrcurpstancos, there are no variables and the proc'odures need not be ramed.

The second element, the rule or sequence of operations, can take many differsnt forms.

Commonly, the sequence of operations comes in the form of an orcered list such as a

13




cookbook recipe, each siep of which may refer to distinct subprocesses (e.g., sauteeing
vegetabies as part of a recipe for making spaghetti sauce). However, a iist format is not
appropriate to ail skilis. Mathematical formuias and computer commands have a formai
syntax which may de expressed abstractly in the form of a ruie or tempiate. To iilustrate
the diversity of these abstract ruies, we provide three exampies beiow. The first is a
formuia for the ttest for single mean (compared to a specified constant). The s3cond is the
syntactic ruie for the command to rename files on the IBM-PC. The third is a tempiaie for

defining functions in the computer ianguage LiSP:2

X-p

t=——
N
where s is an estimate of the population standard deviation.,

REN[AME] [d:][path]filename].ex} filename{.ext

(DEFUN <function name> ‘ ' (3)
_(<parameter 1> <parameter 2> ... <parameter n>)
<process description>) ’

"To execute the procedures for the ttest, one finds values for ail of .the variabies
mentioned in the ruie, performs the arithmetic caiculations signailed by the mathematical
symbois and solves for a numeric soiution. This procedure is quite different from the use
of a syntactic rule or template. The sequence of operations for generating a RENAME
command or defining a LISP function from a tempiate is to type a sequence of symbois
that matches the tempiate in structure, in which each conatant term (e.g., DEFUN) and each

symbol (e.g., parentheses, coions, spaces) acnesrs in the appropriate location and each

varlable is replaced by the appropriate value.

The degree to which the ruie for a procedure must be internaiized depends on the task.

2Tho ruie for the rename command was taksn from the official Disk Operating System (DOS) manual
(Anonymous, 1983). The LISP tempiate Is taken from Winston and Horn (1981).
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For many skiils, executing the procedures shouid be automatic. For exampie, once iearners
know how to use a computer text editor, they use the manuai mainly to iearn new features
or to solve some unexpected probiem or for an occasionai reminder. They should not have
any difficuity executing the standard set of commands without much conscious attention. On
the other hand, factors such as the number and complexity of the proceduras, their
importance or their frequency of use may require iearners to depend on written instructions
each time ihey perform a task. For exampie, airpiane piiots review printed check-lists each

time they fly.

2.3. Learning Conditions for Application _

As argued above, having a skill means knowing when tc appiy particuiar procedures. in
some cases, the conditions for application are perfectly straightforward. For exampie, when
the procedures come in a strictly ordered sequence, the precondition for any given
procedure is the resuit of cor.regtly executing the previous prbcedure. The conditions for
appll;:atlon may be mﬁch more complex, however. in skills such as using a computer, there
may be muitiple ways to accomplish a goal. Under certain conditions, one procedure might
be much more efficlent or advantageous than the rest. if novices don't appreciate the
conditions under which the procedures are most usefui, they might overiook procedures that

would be very useful to them. Instead, they might ciways choose to use some inefficient

procedure that they happened to iearn first or that may initially be easier to rerember.

Card, Moran and Neweil's (1983) study of experienced users of a ‘text-editing system
demonstrated that experts have weli-defined ruies for seiecting between ;;rocedures. The text
editor involved offered twc basic methods of moving the cursor: searching for a specified
string of characters or moving the cursor up or down a line at a time. The subjects had
consistent strategies for for choosing between these methods (3.g., use the search mathod if

the -target location is more than three lines away, use the iine-feed method otherwise).
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Presumably, these computer users developed their strategies themseives, but their early
Ieamlnb was not observed. At least some of the subjects had developed fairly inefficient

strategies. For example, one subject never used the string search method; she used some

variation of the line-feed method even when the target location was over 10 lines away.’

if we wish learners to use a (epert-alre of procedures appropriately, it may be necessary
to motivate the use of some procedures by demonstrating the advantages they have in
particular situations. Acquiring ‘a repertoire goes beyond the abilty to decide between
specified procedures on demand. Even if a peison can, when queried, consistently judge
which of two procedures is more efficient in a given context, he may not aiways select the
most efficlent one in real situations. The learner may faii to ask (or ve unwiiling to ask) for
each subgoai, “which procedure is optimal here?” Computing the relative costs of
procedures can be time consuming and tedious, and not without its share of the costs.
Therefore, unless a procedure easily "comes 16 mind,” it may remain unused. This means
that skilled performance invoives not only the ability to recognize the situations in which a
given procedure is optimal, but the ability to retrieve the best procedure easily and rapidiy

when necessary.

it is worth noting that learning sophisticated selection strategies is probably unnecessary
for skill tasks such as learning to assembie a device or operate a piece of equipment.
Since the procedures In these tasks are less multl-purpose, they are also less
interchangeabie. I: is more likely that the conditions for application in these tasks grow out

of ordering constraints rather than considerations of efficiency.

-

3Card, Moran and Newell successfully modeiled how the experts used selection rules, but they weren't
interested In the reiative efficiency of the rules their subjects had come up with nor in how the subjects had
acquired thelr rules.
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2.4. The Independence of the Three Components of Skill Learning

The three components of skili iearning that have just been described are fairly
independent of one another. A jearner may know that a specific procedure exists for
solving a problem without knowing or remembering how to appiy . For exampie, a chiid
knows what shoe-tying is and when it needs to be done, but lacks the abiiity to carry out
the procedure. Simiiariy, by rote-learning, one n,ay learn to perform a series of steps
without knowing what the steps are for. Finaily, one may understand what a procedure does
and how to carry .t out, but not know when or why to use This situation often arises
when novices consult computer manuals: they finish reading a description of a command,
understand more or less what it does and how to issue it, but jack the slightest inkiing as
to when they would ever want to use it or how It reiates to other commands they have
learned. Since each of _the three components is necessary to skil' iearning, each can

constituie a "bottieneck” for acquiring a skili.
]

3. Three Types of Elaboraticns for Facilitating Skill Learning

The question we address in the remainder of this chapter Is how the presentation of
information in an Instructional text can faciiitate iea;ning In the three components just
descrived. We will focus on a particular aspsct =7 instructionai texts, namely the degree to

which the main points are elaborated.

The effect of elaborations on the acquisition of Information from a text has been the
topic of considerable specuiation and research (Reder, Charney, & Morgan, in press;
Anderson & Reder, 1979; Reder, 1976; ﬁeder. 1979; Weinstein, 1978; Mandi & Bailstaedt,
i981; M. \dl, Schnotz & Tergan, 1984; Bransford, 1979; Chiesi, Spllich & Voss, 1979; Craik
& Tulving, 1975; 'Reder. in press). In the view of most researchers, there are several
reasons \why elaborations shouid help subjects learn and remember the main ideas o; a text.

Elahorations provide muitiple retrieval routes to the essential Information by creating more
-~
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connections to the learner's prior knowledge. If one set of connections is forgotten, it may
be possible to retrieve the desired information another way. Further, if the learner forgets
an important point, it may be possible to reconstruct it from the information that is “stili
available. Not all the evidence on elaborations is positive, howevea.-. Reder and Anderson
(1980; 1982) found that elaborations can Impair learning and retention of the main points of
a textbook chapter as compared to studying a brief summary of the main points. In
contrast, Reder, Charney and Mo;gan (in press) found that when the goal is to use the

information in a skill learning task, eiaborations can improve performance.

This section defines the essential characteristics of three types of elaborations that we
think are especially important for skill learning: analogies and two types of examples (simple
instantiations and situation examples). After these types of elaborations are defined, the

next section will “escribe how they may specifically contribute to skill learning.

3.1. Analogy

An anaiogy draws a comparison .between a concc.,,:i that a person wants to learn and a
concept in a different doma}n that the leamer is already famiilar with. In Gentner's (1983)
termlnoloéy. the former is the. "target concept” and the latter is the "base concept.”
Gentner proposes that the quality of an analogy depends on what type of information can
be mapped from the base to the target construct. Good analogies map across relationships
between objects rather than specific attributes of objects. For example, In the famiiiar
analogy between the solar system and :“e structure of the atom, the attributes of the sun
(HOT and YELLQW) ara not mapped to the nucleus of the atom. What Is mapped is the
relationship of the tun to the planets (i.e., the sun is MORE MASSIVE THAN the planets

and the planets REVOLVE AROUND the sun).

We suspest that analogles reduce the processing load during learing by facliitating
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chunking of the information in the target domain. That is, the structure of concepts and
relations from the base domain can be used to provide temnorary labels on components of
the target idea while the problem or task is being soived. Since the base iabels are well
understood, the pointers to the reievant structure(s) in m.emory are not lost while the learner

works through the critical new aspects of the target domain.

3.2. Exempilification

Like ana!ogy,. exemplification involves a mapping bstween two concepts, but the mapping
Is more tightly constrained. We will follow Hobbs (1978) in defining exemplification as a
reiationship between a rule (or.ger;erallzatlon) and a specific instance (or exampie) for which
the rule holds trus. The rule and the example are related by sharina the same underlying
propositivn. In other words, the relationships between objects in the general construst must
map across to the specific construct. Unilke analogy, however, exeniplification also
constrains thé mappings of object attributes. The objects in a rule are abstract, general
caiegorles. The objects in an examplq are more specific members of those generai
categories. That is, an example can be constructed by substituting one or more specific,
concrete terms for general terms in a rule. To see how this works, conside: the foilowing

generaiization-example pair (taken from Charney, 1985):

Lawsuits are now pending which seek to hold handgun manufacturers and (4)
distributors liable for the damage caused by their prodtcts.

The family of James Riordan, a Chicago police officer killed by a handgun, (5)
is sulag Walther, the West German maker of the gun and Inter.aational
Armament Corporation, its American distributor.

Statemem. 4 is a generalization that asserts the existence of a new type of lawsuit,
Initiated against manufacturers and distributors of handguns by people who have been hurt
by the handguns. Statement 5§ is an example is of this generailzation. It asserts the

existence of a particuiar lawsuit, initiated against a specific marﬁg‘% (Walther), and a
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epecific distributor (the internationai Armament Corporation), by the Riordan family, who were

hurt when James Riordan was kiiled by a handgun.

The ciass/member constraint o exampies ieads to an important difference betwveen
analogy and exemplification. Tne base | and target concepis in an anaiogy come from
different domains: a familiar base and an unfamiilar target. in exempiification, on the other
hand, the rule and the exampie are both from the same domain, the domain of the skiii 0
be learned. Since both constructs are reiatively unfamiliar, there is the danger. that the
iearner will not understand the ruie weii enough to make the appropriate mapping to the

exampie.

Despite this danger, exempiification may aid learning in several ways. First, seeing
typical obleéts that the ruie might operate on can clarify the general terms in the ruie. The
genora!l terms are linked to more concrete and specific concepts. Second, seeing a variaiy
of examples and counterexamples can heip the iearner define the scope of the rule’s
applicatior: (Nitsch, 1977; Tennyson, 1973; Tennyson, Woolley & Merriii, 1972).  Third,
exampies may have an impcrtant role for establishing the vaiidity or the utiiity of a ruie
(Perelman & Olbrechts-Tyteca, 1989; Schoenfeid, 1979, Mandi, Schnotz & Tergan, 1984;
Giison & Abelson, 1968). Finally, iearners can use examples of ccrrectly solved probiems as

models for solving new problems (e.g., Anderson, Sauers & Farrell, 1984),

With this iast use of exampies (serving s modeis for soiutions to new probiems), the
boundary between anaiogy and exemplification begins to biur, (On the one hand, using
examples as models is ‘analoglc in that there Is a specific-to-specific mapping between the
constructs (the exampie and the new probiem). Furthermore, as we wouid expect in an
analogy, the "base” example is more famiilar than the target pioblem by virtue of having

been seen or worked on before. On the other hand, unliku anaiogy, the exampies that are
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used as modeis are often introduced to the iearner in the context of a generai principie or
ruie. Further, the modei .problems come from the same unfamiilar domain as the novei
problems they are mapped to. Consider, for exampie, the probiems that are laid out in the
course of a mathematics chapter. A generai formuia or aigorithm is exempiified with specific
probiems that can then be used as modeis for the chapter-end exercizes. Anderson, Farrell
and Sauars (1983) explicitly combine genérai-to-specific and specific-to-specific mappings in
their analysis of subjects iearning to write LISP functions. The subjects were presented with
an abstract tempiate for defining a function in LISP aiong with an éxample of a correct
function definition. On the basis of protocoi analysis, Anderson et al. conciude that subjucts
first make the exempiification mapping between the tempiate and the exampie, then
anaiogize between the exampie anc the new probiem. !n spite of the duai nature of this
type of iearning, we wiii use the term exempiification whenever a generai principie or ru.2 or
procedure is instantiated with a specific example. within a prescribed domain, even when we

assume that the exampie is iater used as a modei.

3.3. Situational Exampies

We wiii singie out situational examples as an especiaily rich type of example. Situationai
exampies differ from other kinds of instantiations in that they iilusirate the contexts in which
a procedure appiies rather than simply iliustrating the detaiis of how to execute an abstract
procedure. The distinction we are drawing between simpie instantiations and s'tuationai
exampies is similar to that drawn by Mandi, Schnotz and Tergan (1934) between “iiiustrative
examples” and "appiication exampies.” Both types of exampies provide specific instances
of the generai terms of a ruie, but the types differ in what other kinds of information they

provide.

To lilustrate the two kinds of exampies, consider the foliowing three sentences. The iirst

is a rule from a text for teaching students to improve their writing uotyle. (Wiiilams, 1931).
o’
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The second simply instantiates the concepts in the ruie, and the third is a situational

exampie:

-

When a nominalization foliows an empty verb, change the nominaiization tvo a (3)
verb that repiaces the empty verb.

For exampie, nominaiizations such as investigation, inquiry or response often (7)
foiiow empty verbs such as make or conduct. Use the verbs investigate,
inquire or respond instead.

For exampie, change the sentence "The poiice conducted an extremely (8)
thorough investigation into the incident,” to "The poiice investigated the
incideat extremely thoroughly.”

The exampie in Statement 7 instantiates the generai terms "empty verb” and
"nominailzation,” but doesn't provide a context in which they might occur. The situationai
exampie (Statement 8) instantiates the generai terms within a specific context. The context
lilustrates something about the situations in which the rule shouid appiy: the nominalization
need not foliow ithe empty verb directly. it aiso iilustrates something about hov to carry
threugh the soiution: changing a noun tc a verb can necessitate changes‘ 10 other payts of

the sentence.

it instantiation is the major contribution of an exampie, then both types of exampies
shouid aid performance to the same degree. But if !t i3 important to use the exampie as a
modei or to motivate the use of a procedure, then secing a situatiorai exampie shouid
improve performance more than seeing a conceptuai exampie. Situatlonal' examples may
aiso heip peopie remember a ruie when they are working on a task, because sesing the
task may remind them of the exampie (Ross, 1984). Finalily, situationai exampies may be

. better for demonstrating the utility of the ruie, by showing rather than just asserting that

foliowing the ruie ieads to a desirabie outcome.
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4. The Interaction of Claboration Types and the Tomponents of Skill Learning

in this section, we recapituiate the three components of skiil iearning and anaiyze the
potentiai benefits that specific types of elaborations may have for leaming a specific
component. in particular, we ciaim that situation exampies are the most useful for skiii
iearning because each exampie can contribute to iearning in ail thrse components. On the
other hand, while analogies can be constructed to iliustrate each comporent, they are more
iikely to help people learn the functionality of . procedure than how to execute it or when
to select it. We will begin by briefly discussing the role of anaiogies in skii’ iearning,

describing their benefits and limitations. Subsequent sections wiil show in more detaii how

examples can contrlbuté to the three components of skill iearning.

4.1. The Roie of Anelogies in Skill Learning

Initlaily, one might expect analogies to be the most helpful form of eiaboration for
learners since, unlike exampies, they i:wvoive constructs in a. base domain that are highiy
familia. to the iearner. As such, analogies may be very .useful for clarifying unfemiiiar
concepts. Suppose a novice computer user Is learning to use a personal computer with
fioppy dick drives. The foilowing analogy can help the user anticipate some features of

diskettes:

A diskette is similar to a smali, flexibie phonograph record, except that (9)
instead of storing sounds, it contains information that the computer can |
read, add to, or delete. ‘ |

By mapping information froin his previous knowledge of phonograph records, the user
may anticipate that diskettes are used in a horizontal orlentation and that It is unwise t6 iet ‘ _
the surface of the diskette become dirty or scratched. The usefuiness of the anaiogy Is
somewhat limited, however. Learners may draw Spurious assumptions from the anaiogy,
e.g., that Information Is stored on a diskette iinearly, as it is on a phonograph record. Or

they may assume that, ilke phoncgraph records, diskettes must be removed from their

protective covering when they are used.
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Analogies may also be constructed for motivating the use of some procedures. One
procedure that \many computer users must iearn iS how to specify the location of the fiie or
directory they want to work on. The foliowing anaiogy attempts to ﬁotivate the chcice
between two options for specifying the “path” through a directory structure. The choice
arises In the DOS operating system because paths optionaily begin with a backsiash symboi
(V. The backsiash signals that the path i3 to start at the top-level (or “"root”) directory. !f
the backsiash is omitted, the path-is assumed to start at the current directory (which may
or may not be the top-levei dlreciory). This anaiogy compares the specification of a file in a

directory structure to dialing a locai or iong distance teiephone cail.

When shouid you specify a path that begins at the root directory? it may be (10)
useful to draw an analogy to using the teiephone to make long-distance
calls. When you are calling a number within the current area code, you
don't have to dial or specify your own area code. You just diai the
number you want. This is like leaving off the first backslash in a path; the
‘computer assumes you want to stay within the current directory. However,
if you want to call someone outside the current area code, you dial *1”
and then the new area code-and then the number. Tha "1” that you dial
first ia anaiogous to the backsiash for the root directory, and the new area
code is analogous to the name of another subdirectory whare the files (or
phone numbers) are stored.

This anaiogy clarifies the concept of a path and the appropriate circumstances for
starting the path ut the root directory. Again, however, the anaiogy is fairly fragile. For
instance, the computer ailows you to "overspecify” the location of a file, but the phone
company does not. That is, you can specify a path to any file starting &t the root
directory, even a file in the current directory. This wouid be anaiogous to diailing “1" and
youi own area code. The analogy also breaks down in a very common circumstance: when
the current dlr&ctory is the root directory and you wish to specify a path to a subdirectory
within it, no backsiash Is needed. |f ail axceptions have t0 be expiained to the user, the

analogy may be more troubie than it is worth.

A more important drawback of thie anaiogy is that it does not help the learner acquire
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the particular procedures needed for using the operating system. That is, knowing that an
area code is analogous to a directory name does ‘..i help the learner master the system-
specific conventions for specifying a path thrcugh a dlrect;ary structure. So even If the
analogy were mose robust, learners would stiil have to rely on other means to iearn how to

executs the proceduras.

As this dil.use'~n ll]ustrates, it is possible to construct analogies for various components
of skill learing, but. the benefit of analogies ic limited. Analogles can clarify unfamiliar
concepts and procedures, “ut often cannot hold up at the ievel cf detail to which learners
must underscand and apply the concepts. Anaiogies are probably least appropriate for
elaborating on the the execution component of a skill. We belleve that examples drawn
from the domal» under study, though less familiar than the base domain of an analogy, are
more usefui to the iearner In the Ior.g' run. if examples are carefuily constructed, they may

simultaneously clarify the function of a procedure, how to execute it and when to select it.

4.2. The Role of Examples for Conveying Functionality and Motivating Procedures

Below we Introduce two new concepts from computing to lilustrate how situational
examples can motivate as v'eill as expiain a soncept or procedure. To give more force to
our claim that rich situational examples are best for Introducing or teaching these concepts,

we wiil present the éoncepts first with the impoverished examples and then with richer ones.

4.2.1. Command Editing

At the time of this writing, using a command editor within an operating system Is a
relatively novel concept, even for people familiar with computers, since this feature is not
avallabile on many operating systems. Command editing refers to the ability to retrieve
commands that were aijeady Issued to the £-stem and then use themn again, either re-
issuing them verbatim or I8suing a modified (edited) version of the command. The

*unctionality of command _editing can be conveyed with rather straightforward eyampies;

25




21

however, If the examples do not illustrate the motivation for Its use, learners won't
appreciate the feature and when it is most useful. Consequently, they won't use the

procedures reguiarly and will probably forget ali about them fairiy rapidly.

Consider the foliowing example that expiains wha* command editing means, but falis to

motivate its use (the exampie pertains to a modified VMS operating system):

Suppose you have typed the foliowing sequence of commands into your (11)
compuier-

$dir
$finger
$go .chap

The first command in this sequence produces a listing of the contents of
the current directory; the second, a listing of the people curiently using the
machine, and the last requests that the current directory be changed to a
subdirectory called "chap”.) NJw suppose you want to list the contents of
the “"chap” subdirectory. Using. command editing, you press the up-arrow
a few times so that $go .chap, then $finger, then S$dir appear on the
command line. Now you need only press the return key to re-issue ihe $dir
command for, the .chap subdirectory.

The above example is sufficien: for explaining the functionaiity of the command editing
procedure, but Is poor for motvating its use In that it provides iittie or no savings In
keystrokes over typing a new dir command. in such an exampie, the usefuiness of the
orocedure is obscured and no novice would see the need to spend tims learning it. The
following example, in contrast, should make much clearer the usefuiness of the command

editor.

Suppose, for exampie, you want to copy a number of files from someone (i2)
eise’'s account on another 8ystem. To copy the first file (cailed
"drafti.mss”), you must specify a lorg path to the relevant directory in
your friend’s account on the other mechine:

$copy cmpsyb::(wells.papers.curchapjdrafti.mss *.*

Suppose you want to copy another flle called "final.mss” from that same
location. One way to do so would be to type a new copy command .that
would look oxactly the same as the commend above, «..cept that

Q .
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"final.mss” wo'ld appear i place of "drafti.mss.” However, re-typing the
command will require 58 keystrokes for each file you want to copy. And if
you enter the commana with unnoticed typing mistakes in the path or the
flename, you will have to type the entire command again. Command
editing saves you ail of this re-typing. instead of re-typing, you simply
‘recail’ the last copy command and edit it to change the name of the file.
Typing the up-arrow key brings back the last command, Then, by striking
the Jft-arrow key, you can move the cursor ieftward to tha specific
characters in the filename that must be changed. When you are finished
changing the name of the file, press RETURN to issue the modified
command. By editing anc re-using your first copy command, you save
nearly 40 keystrokes for each file you have to copy and you reduce the
chances of enor in retyping the whole command.

Eoth exampies ciarify tha concept of re-issuing a command. By specifying the sequence
of keys that must be typed, both examples aiso instantiate the rules for executing the
command editing procedures. Only the siuation exampie, however, illustrates the conditions
under which the commaqd editing ..:csdure is more desirable than the procedure for
lgsulng a new command. in particular, command e_dltlng is worthwhile when you must type
a number of long, similar commands. | We wiii return to the issue of iearning when to use

a procedure in section 4.4 below..

4.2.2. Subdirectories

Consider another exampie from the same general domain. We have mentioned
subdirectories in the course of the preceding exampie. This construct may also be
unfamiliar to many readers o/ this chapter. Simply stating that a.directory can be divided
into subdlmdoﬂes is sufficient for "explaining” the concept, but it is unlikely that the user
will be sufficiently motivated to acquire the cluster of skiils needed to make use of such a

taciiity.

The foliowing exampie, taken from the IBM DOS Manuai (Anoﬁymous. 1983), lilustrates
the concept more fully aiong with some rationale for the usefuiness of subdirectories, but
adds iittie to the reader's sense of how subdirectories might faciiitate day-to-day activities on

the computer.
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DOS Version 2.00 gives you the ability to better organize your disk by (13)
piacing groups of reiated files in their own directories - ail «n the same
digk. For exampie, iet's assume that the XYZ company has two
departments (saies and accounting) that share an IBM Personal Computer.

Ali of the company's files are kept on the computer's fixed disk. The
iogical organization of the file categoriss couid be viewed iike this:

Disk
Sales . Ac;:ount ing
Dav ic.i Jo:mne D<.>n l(;rol
Reports . Rep;rts Repc;rts Réports
Cus tc;mer .1st Acc;s .rec

With DOS Version 2.00, it i3 possibie to create a directory structure that
matches the file organization. With this ability, all of DAVID's report files
can be grouped together in a single directory (called REPORTS), separated
from all the other files on the disk. Likewise, all of the accounts
receivable files can be in a unique directory, and so on.

The example above implies that subdirectories are only useful when different people are
using the same disk. Even then, it doesn't liiustrate the advantage subdirectories have over
a singie directory for any given user. in order to convey the usefuiness of subdirectories,
the iearner might be shown a "one-levei” directory filied with many unralated files and toid
to imagire trying to find a file for which the name cari be recognized but not easily

recailed. The figure below is an exampie of a listing of files in a flat or one-level directory.
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Directory _CMPSYB::PSYSUSER: [ANON]

2APA.REF;6 2SCS.DAT;1 AGHRTR3.MSS; 7 APAREF.LIB;1
CAU.MSS;15 CHP2BIB.AUX;1 CHP2BIB.MAK; 3 CHP2BIB.MSS;10
CHP6BIB.MAK;3 CHP6BIB.MSS;12 CHP7BIB.MAK;1 CHP7BIB.MSS; 14
CIANCI.MSS;3 COLDSA.DAT;1 COPING1.DAT;1 DEBBIB.AUX;1
DEBBIB.MSS; 3 CEBBIB.OTL;1 DOCU.MDR; 1 DOCU.MSS;1
EMACSINIT.;1 FILE2.0UT;3 FMC.DAT;1 FORM.ERR; 2 .
FORM.LET;1 FPRO.DAT; 2 FRDPRO.LNO; 1 FRDPRO.MSS;1
FREUD.LNO; 2 FREBUD.MSS;13 FREUD2.LNO;1 FREUD2.MSS;1
GPSCIBIB.AUX;3 GPSCIBIB.MSS;4 GRADE.BAS;1 HEARTBIB.AUX;1
HEARTBIB.MAK; 10 HEARTBIB.MSS;19 HEARTBIB1.MSS;3 HRTBIBADD.MAK; 3
HRTBIBADD.MSS; 2 IMP.FRM;2 JMPFRM.MSS;8 INST.MSS;1
INTERR.SPS;1. JZAREV.MSS;1 JUNK.DT;1 JUNK2.DT;1
LMFF.MSS;1 LOGIN.COM; 6 LOT.OTL;1 LOT.0U1;1
L0T2.0TL;10 LOT2R.OTL;5 LOTA.MSS;8 LOTREF.AUX;19
LOTREF.MSS; 12 LOTREF.0TL; 14 LOTTAB4.MSS;13 MAIL.MAI;1
MALIAS. ;4 MBOX.;2 METHOD.MSS;4 MFSBIO.MSS;9
MIKE.MSS;2 MIKE.OU1;1 MYAPA.LIB;2 MYAPA.REF;2
MYREG.CON;1 MYREG2.CON;1 NETLOGIN.COM; 2 NETSERVER.LOG;15
NEWSCS.DAT; 2 NOTES. MSS; 2 NYEAR. ;1 P1.MSS;30
P2.MSS;51 P3.MSS;11 PCORR.SPS;1 PFU.MSS;20
PILL.CON;1 PILL.DT;1 PILL2.DT;1 PLAN. ;2
POSURG.DAT;1 PRE2.MSS;4 PREFACE.MSS;3 PRETEST .MSS; 9
PROO.DAT;1 PROT.DAT;1 QUES. ;1 QUEST. ;1
QUEST.MSS;6 RA.MSS;1 RALOT.SPS;1 REG.MSS;1
REV1.;1 SA3.DAT;1 SA3.SRT;3 * SAMPLE.MSS;1
SAREF.MSS;3 SAREF.OTL;3 SCHBIB.MSS;28 SCORBS.DT;1
SCRIBE.LOG;1 SCRIPT.MSS;1- SCS.MSS;4 SECOND.QUE; 6
SEVEN.QUB: 4 SF2F.SPS;3 SHVITA.MSS;31 SHVITA1.MSS;1
SIG.LET;1 SIGMA1.MSS;1 SIGNUP.;1 SIX.LPT;1
SIX.QUE;1 SOCANX.DAT;1 SOCSUP.MSS;3 SPSS.TIT;1
SPSS1.TXT;1 SPSS2.TXT;1 STATE. ;2 SUM.MSS;2
SUM1.MS5;4 SUP.;1 SUPPORT.MSS;9 TA.;3
TAB7.M5S;3 TABLE1.MSS;1 TABLEZ.MSS;1 TABLE4.ERR; 1
TABLE4.MSS;1 VCR.;1

Total of 134 files.

Often people forget the exact name they gave to a file. They correctly bslleve that they
can often recognize the name from a complete listing of file names; however, in a directory .

such as the one above, as many as 134 filenames might have to be inspected. Contrast

the directory listing abuve with the one below:

e -
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Directory _CMPSYB::PSYSUSER: [NEAT-NIK]

COURSES.DIR;1. EMACSINIT. ;1 EXPER.DIR;1 INFO.DIR;1
LOGIN.COM;57 MALIAS.;6 MAIL.;17 MISC.DIR;1
MSS.DIR;1 PLAN.;1

Total of 10 files.

Each of the subdirectories (i.e., the entries with .dir suffixes) may contain files and stiii
deeper subdirectories (e.g., under "courses” are subdirectories for specific courses, and
under "exper” are subdirectories with .the data and materiais for specific experiments.)
Searching for a particular file may stili take some iooking around; however, assuming the
user knows the category of the file, the number of individuai fiilenames that must be

inspected Is much smailer.

By contrasting the situations for finding a file with and without subdirectories, the pair of
example directories above ciarifies what subdirectories are, as weil as motivating the’
circumstances for their crsation (e.g., whenever a user has a iarge number of files that can
be categorized fairly easily). Carefully constructed situational sxamples can thus llustrate

both why the feature. is usefui and when it is most appropiiate or efficient to use.

4.3. The Role of Exampies for Leamln_g How to Execute Procedures

We belleve that exampies ‘can give the iearner the most concrete, most specific picture
of exactly what to do while executing a procedure and making the necessary adjustments to
specific task situations. The procedures that benefit most from exempiification are thcse
that involve the interpretation of a generai ruie. An uneiaborated ruie, with its speciai
nuy atior;, varlabm.. symbois, generai terms, etc., is usually too abstract for learners to

comprehend. in this section, we wiii describe various ways in which exampies can faciiitate

exocution, inciuding ciarifying the spirit of a ruie and providing a modei for future soiutions.
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4.3.1. Learning to integrate a Coilection of Operations: Command Editing

Command editing, a procedure introduced in the iast section, is not a difficuit concept to
grasp; however, whether or not it is easy to execute depends on the nature of the; system
implementation. Both the DOS and VMS operating systems have command editing features,
but the implementations differ in several important respscts, such as providing erternal cues
to relevant operations. For example, on the IBM PC, the key that recalls the previousiy
issued DOS command is the F3 button. Of the 10 function keys on ti;a keyboard, there is
no obvious .reason why the’ desired key should be F3. Once the previous command Is
recalled, the user may edit it using a key labelled "Ins” that toggles the system between
insert and overwrite modes, and a key labelled "Del” that puts the machine Into delete
mcde. In condast, it may be easier to remember how to initlate command editing In VMS
because there are up-arrow and down-arrow keys that are uniqueiy associated with going
back over a buffer of previously issued commands. Once a command is recalled,. however, it
may be harder to remember how to toggle from Insert mode to overwrite mode because
there are no overt function keys; the relevant sequence of keystrokes Is the non-mnemonic

control-a.

Command editing thus consists of a coiiection of operations for viewing and retrieving
items in a buﬂ‘e( and changing the mode or state of the computer. The operations
thern3elves are fairly simple: usually consisting of a single keystroke. As a result, the
exscution component of command editing is not easlly described with a general rule; ratner,
learners must remember all the component operations and determine how to sequence them.

situational examples that show learners a complete interaction should be very valuabie.*

“The situational example about command editing presented eariler (Exampie 12) provides much of the
necessary description. To have fuilest effect, the editing opérations should probably be described more fully
and should be set off from the body of the ta.t.

31
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The most difficult aspect of learning to execute this type of procedure may be
remembering the arbitrary association of a key and a functlon.' An additional benefit of
examples may be to strengthen memory traces for such associations through rspetition in a

concrete context.

4.3.2. Learning to Generate Instances of a Rule: ’Renamlnq Files

Among the types of procedures that are hardest to learn to execute are those that
require tha learner to generate a particular instance of an abstract ruie. Examples of these
procedures were provided earller: learning to perform a ttest, iearning to issue computer
commands, or cefining a functon In a programming language. As discussed above,
executing this type of procedure requires that the learner remember the name(s) of the
procedure, the detalls of the rule or sequence of operations and how to assijn values to

any variables that appear in the rule.

Examples can help people learn this type of procedure in several ways. Consider the
following typical example that was intended to help learners parse a rule. in this case, a
ruile for ranaming files on the IBM-PC. In the manual, the example in 15 foliows the

general rule in 14,

REN[AME] [ct][path)filename{.ex] filename].exi] (14)

For example, the commanii:

REN B:ABODE HOME - _ (15)
renames the flle ABODE on drive B to HOME.

The example clarifies some notational aspects of the rule. Elements ti °t appear in
square brackets In the rule are optional; in the example, the last three ietters of the name
of the command and the path are omitted. One problem with tha example is that it does

not ‘clarify under what conditions the optional eiements can be omitted. A series of
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situational exampies that contain different combinations of optionai eiements might be
necessary to lilustrate these points. The exampie &oes begin to iliustrate the distinction
between constant terms and variabies. Elements in the rule t-at are printed in itaiics are
variabies. in the exampie, the ltallclzeﬁ elements have been repiaced. The ¢ is repiaced

by B: and the first instance of filename is repiaced by ABODE.

One serious probiem with this exampie is that the filenames ABODE and HOME do not
seem very typical of real filenames and, more importantly, they do not signai which is the
old name and which is the new name of the file. if iearners have troubie figuring out and
remembering the order of the arguments in the ruie, remembering this exampie is urdikeiy to

heip them. Some manuals attempt to solve this probiem with exampies iike the foliowitg:

REMAME OLDFILE NEWFILE (16)

Whiie the "fiienames” in this exampie do signai the function of-the arguments, they are
far from 'typlcal exampies of filenames. Since reai filenames do not typically refer to
functions in rules, using this type of exampie may uitimately confuse the learner. The
flenames are poor liiustrations of what the "fillers” of the argument siots may iook iike.

The following situationai exampie is better:

Suppose you have a file cailed BUDGET that contains your budget for 1985. (17)
Now you want to create a new budget for 1986, but you need a way to
keep the files for the two years distinct. The command:

RENAME BUDGET BUDGET.85

changes the name of the existing fie BUDGET to BUDGET.85. Now you
can create a file for the new budget calied BUDGET.86, and it wiii be
easy to distinguish the two flies.

in addition to ciarifying aspects of notation, this exampie aiso ciarifies the functions of

the two ordered arguments or parameters In the ruie: the first i3 the oid name and the

second Is the new 'name. The exampie aiso heips to motivate the use of the rename
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command, by presenting a situation in which renaming a file makes sense. As mentioned
above, additionai examples of the same sort may be needed to iliustrate other aspects of

ruia,S

The results of Reder, Charney and Morgan (in press) suggest that rich exampies of -
correct commands heip people iearn to generate thiair own commands. !ndeed, eiaborations
on the execution of procedures proved to be more important to iearners than eiaborations
on the function and motivation of the commands. We systematicaily varied whether or not a
computer manuai contained syntactic eiaborations (e.g., exampies of sgyntacticaily correct
commands to lilustrate more abstract ruies for the commands) or couceptual eiaborations
(e.g., anaiogies lilustrating the basic concepts, examples of situations in which a command
wouid be useful). Factorially combining the two types of eiaborations produced four versions
of the maniai. Figures 1 and 2 are corresponding excerpts from two of the manuais,
describing the CHDIR ("Change Dlrector;’«") command; Figure 1 contains just conceptual

elaborations and Figure 2 contains just syntactic eiaborations.

Insert Figures 1 & 2 about here

After they studied a version of the manuai, subjects were asked to carry out a set of
ordinary tasks on the computer, without refering back to the documentation. The subjects

who had studied manuals containing syntactic elaborations worked significantly more quickly

Sthe rule itself, taken from the DOS manual, I8 not very informative about the function of the arguments (or
parameters). The following statement of the rule might be better:

RENAME [location and current name of Ne] [new name of file]

Ressarch suggests, however, that even this form of the rule benefits from e.xemplmcatlon (Reder, Charney &
Morgan, in press).
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and issued significantiy fower commands. The conceptual eiaborations did not significantly
improve performance, perhaps because the selection of appropriate commands was fairly

obvious for this particular set of tasks.

. There is other evidence that examples strongly Infiuence subjects’ interpretation of
procedural rules.. LeFevre and Dixon (1984) and LeFevre (1985) conducted research on
instructions for solving analogy problems. They found that when verbal instructiong for how
to solve a problem (l.e., ruies) were contradicted by a situational example, subjects tended
to execute a procedure that was consistent with the example rather than one consistent with
the rule. We suspect that because the exampies wsra concrete and specific, subjects
mistrusted their interpretation of the more abstract rule and reinterpreted the rule to conform
to the operations illustrated in the example. in any case, the resuits underscore the

importance of ~hoosing examples carefuily.
9

4.4. The Roie of Exampies for Learning and Remembering to Seiect the Best Procedure
Various factors may cause a learner to select a iess than optimal procedure for solving
some problem. The iearner may know that one procedure is more appropriate for a
probiem than another, but if she oniy remembers how to execute the sub-optimai one, that
iIs the one she will end up using. In this sort of situation, the learner has mastered the
gelection problem; she simply needs more help with the execution of the procedures she
has ieamed. In contrast, the situations we are mainly interested in concern people who
don't think of using a procedure that they would acknowiedge to be more appropriate and

peopie who haven’t {earned to judge Eetween alternative procedures.

We belleve that situational examples can piay a dual role in procedural seiection. First,
they can provide the reievant stimuius cues to heip the user "think of* the right procedure
for a specific situation, and second, they can heip people leam or induce a generaiization

for when a given procedure is better than some aiternative.
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4.4.1. increasing the Salience of Alternative Procedures: Command Editing

Consider ag‘aln the Command Eoiting procedure. it is quite possibie for a user who
knows what command editing is and who remembers how to bring back previous commands,
tq type in a iong command instead of modifying and reissuing a similar command that he
recently issued. The procedure simply may not have been sufficienty sailent that it
occurred to the user at the appropriate time. If a person oniy thinks of one procedure to

achieve a specific goai then the problern of selection doesn't arise.

It is interesting to specuiate on what aspects of a hypothetical situation exampie are
most likely to increase sallence and faciiitate retrieval of the procedure in & real problem
situation. Retrieval is probably most likely when the example and the problem are'ldemlcal
or very similar. Under these circumstances, many elements in the problem situation may
remind the learner of the éxample, and hence the procecfure used in, the example.
Unfortunately, since the procedure's in a computer operating system can be ussd in such a
wide varisty of contexts, it is highly uniikely that t;w problems users face will be exactly like

the examples in the manual, even if the examples are carefuily chosen.

What happens, then, when the actual problem situation does not perfectly match the
exampie? In part, this will depend on how the example is represented in memory and how
good th'e example is at iilustrati:g the reievant dimensions of the situation to encode. We
beileve that the same examples that best motivate why a person should want to use the
command editing facility will also be best for reminding a person to use it because these
examples highlight those elements of the problem sltuation that make the command most
appropriate. .As long as a probiem situation matches the example on those dimensions, the
example may serve as a good retrieval cue, in spite of other differences between the
situations. On the other hand, it is possibie that a iearner wili only store a superficial

representation of the example; in this case, examples that literally match aspects of the

current situation will be better memory cues.
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To iilustrate these two possibiiities, consider agein the two exampies on command editing
that‘were provided earlier (Exampies 11 and 12), in the’ light of the following “reai worid”
probiem. CSuppose your friend Smith has a subdirectory cailed "upkeep” on his computer
that contains files with heipfui information abou: manintenance and repair peopie. Smith has
given you permission to browse through his files from your account on another computer.
To see what files are availabie in the subdirectory, you type a reiatively iong command,

such as the foilowing:

$dir onion::[Smith.home.upkeep}

To read the contents of any file in the "upkeep” directory, you wiii have to issue

commands of the form:

$type onion::[Smith.home.upkeep]piumbeis.mss.

The question is, Mll you be more likely to remember to use command eglltlng in this
gituation (l.e., changing the dir command into the needed type command and reissuing it), if
you had previously seen example 11 or example 12 In the manual? Exampie 11
superficially resembles the probiem situation, in that both !nvoive typing and iater reissuing a
dir command. Example 12 showed how to avoid retyning a different command, the copy
commend. However, the point of this axample was to motivate why one wouid want to
bother with command editing: to save keystrokes by avoiding retyping a very long file
specification or "path” to a file. So despite the greater superficial simiiarity of Example 11
to the probiem situation, Exampie 12 should be a better cue to a user's memory. This
assumes that users repmém tasks and goais at a deeper ievel, e.g., "My goail is to save
keystrokes and re-use the expression that | already typed.” It is obviously an empiricai

question how users tend to encode the exampies they read in a manuali.
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4.4.2. Learning to Judge When One Procedure is Better Than Another: Command Editing
Skili ieamers shouid be famiiler with a repertoire of procedures and should be able to
select the most appropriate procedure for any given situation. An obvious question is what
makes a procedure most appropriate? At various points in this chapter, we have described
situations in which one procedure is "better” than another. in most cases, we have
justified this valuation in terms of efficiency: one procedure saves the user keystrokes (e.g.,
command editing) or reduces the size of the search space (e.g., creating subdirectories).
Often, of course, the choice between procedures is not so ciear-cut. Consider the choice
between procedures for writing a computer program: e.g., should the programmer write a
recursive program or an iterative one? [t may be easier to write a computer program
way, but the program may be more computationaily efficient another way. To the extent
that the considerations for choosing between procedures can be specified, we are interested

In how instructional texts can help learners acquire such selection strategies.

As we argued In the preceding section, situationai examples highiight those
characteristics of a situation that make a particular procedure highly appropriate. Consider
again the two exampies used to iilustrate the command editing procedure. Example 11
illustrated a situation in which command editing was no more efficient than typing a new dir
command. In Exampie 12, however, command editing was by far the more efficient
procedure, because the user could avoid typing a number of copy commards that all
contained the same long path specification. We can use this characteristic of the task

situation to formulate a generalization about when to choose command editing:

If you must issue a number of very long, similar commands, it is more
efficient to edit the commands than to type new ones.

One way to convey a selection principle such as this would be to state it explicitly in a

computer manual or Instructional text. As with any generalization, a selection r.inciple can
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be liiustrated with exampies, In this case, situation exampies. Since, as we have seen,
situation exampies can also be used to exempilfy syntactic ruies for issuing computer
commands, situation exampies have the potential of simuitaneously liiustrat'ng two sorts of
rules: rules for executing procedures and generaiizations for when to seiect the piocedures.
Of course, it may not always be necessary to state the seiection |.rincipie expiicity. We
specuiate that iearmers who see a 'number' of situation exampies can often induce the

generailzation independently.

The extent to which learners need help choosing between aiternative procedures Is a
question which requires furthor research. We have found that learners can often choose the
most efficient computer command without the benefit of expiicit advice, whether exemviified
or not ("ader, Chamey & Morgan, in press; Charney, 1985). I* may be that instruction is

needed more in more compiex skill dom-.ins, such as programming.

4.5. Some Potential Drawbacks to Situational Exampies

Our anaiysis suggests that situational exampies must be chosen carefuily to iiiustrate the
conditions under which a procedure shouid be appiied. The example must make saiient the
underlying goal of the procedure as weil as iilustrating a situation where it is used. If the
exampies are poorly constructed, they can actually Interfere with 7uod performancs. Wher
subjecis only sees impoverished examples, that fail to emphasize the conditions that make
one procedure more approp:iate than ancther, the subjects may craw spurious conclusions

about when to use the procedures.

Consistent with this analysis, Ross (1984) found that superficial similarities between the
probiem that subjects are currently working on and examuies they previously saw in the

Instructionai materials infiuenced their choice of procedure. Ross's subjects learned pairs of

aiternativ. procedures for using a computer text aditor. in the insiructional materiais, each
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procedure was liiustrated with a different superficiai situation. For exampie, one procedure
for inserting a word was liiustrated in a task involving a shopping iist. The exampie for the
other word-insertion procedure invoived a course listing. When subjects subsequenily worked
on editing a shopping list, they tended to use the procedure they had seen aesociated with
a shopping list, e;/en though either procedure would have worked equaily weil. As Rwss
points out, this effect of “"reminding” has potentially adverse consequences: in subsequent
studles, Ross found that subjects tended to use the procedure they were reminded of, even
“ if t wes inappropriate for the problem at hand. Further research is needed to determine
whether rich situationai exampies tha: clarify conditions on appiication can overcome the

effect of reminding.

Thera Is another problem with exampies that we have thus far nct addressed: peopie
vary In their wiiingness to read and work through them. Some subjects in our studles. on
computer manuals told us that they don’t iike to read any more prose than they have to;
thay search ‘or the examples and rely heavily on fhose. Other peopie do not want to be
bothered reading exampies, especiaily rfrawn- out situationai exampies that take 3ome effort
to comprehend. To accommodate both sorts of readers, we intentionally set off the exampies
in this chapter, so that readers couid easily identify them as such. We beiieve that one’s
understanding of the paper will be greater if an attempt is made to "work through” the

examples, but we know that not everyone wiil do so. Indeed, lack of motivation to read

alaborations may have been part of the reason why riwder and Anderson found that subjects
learned the main polnts of a textbook chapter better in summary fonp. when all eiaborations
were omitted (e.g., Reder & Anderson, 1980, 1982; Reder, 1982; Aliwood, Wikstrom &
Reder, 1982). Examples therefore must satisfy one further constraint: they must seem
sufficlently interesting to éapture the reader's attention or the text must convince the read::

that he cennot understand the materia! without reading the exampies.
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5. ‘Conclusion and Further Remarks

in this chapter, we outiined three basic components of skill learning: learning what kinds
of procedures are avaiiabie in the skill domain and what objects they operate on; iearning
how to execute procedures; and iearning the conditions under which procedures can an
should be applied. We discussed various types of elaborations and aspscuiated about what
types of elaborations in an instructional text might facilitate each component most. Ws
argued that situational exampies are iikely to be the most useful sort of elaboration since
they can perform triple duty, facilitating learning of each of the three components. However,
since iearners tend to rely on exampies as modeis, it is very important to choose examp'es
with great care and to provide enough exampies to lilustrate the range of application of a
rule. Otherwise, learners may not interpret the ruies correctly or they may make spurious

assumpu.. 3bout the conditions under which a ruie appiies.

Finaily, we think it is interesting to note that our conception of the necessary
requirements for skiil acquisition resembles McGuire's (1961) theory of Stimuius-Response
Lecrning. McGuire's theory was deveioped to account for data from a paired-associate
learning paradigm of aimost haif a century ago, in which either she stimuius or the response
term couid be a cvc nonsense syllabie, and iearners needad to know which response cvc
went with a given stimuius cvc. McGuire's theory posits three components to iearning a
particuiar association: the learner must iearn to discriminate the stimuius from competing
stimuii, iearn the response and then iearn to iink the two together. Despite the difference
in domains, one can draw ihe paraileis to our view of skiii acquisiion. The ‘sarner must
understand the functionality or nature of the procedure (learning or discriminating the
stimulus), iearn the exact sequence of ac’ons for executing a procedure (iearning the
response), an& execute the correct procedu,~ for a specific situation (learn to iink the

stimulus and resionse terms). Linking the stimulus and response terms is like iearning the
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best procedure for a glven situation because understanding the functionaiity o» a procedure

entaiis the recognition that it is appropriate in certain contexts.

42
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