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The role of elaborations in learning a skill
from an instructional text

LYNNE M. REDER, DAVIDA H. CHARNEY, and KIM . MORGAN
Camegie-Mellon Universire, Pirsburgh, Pennsylvania

In these studies. we examined the role of elaborations for subjects learning a procedural skill
(viz., using a personal computer) from an instructional text. In Experiment 1, we compared two
sources of elaborations: those provided by the author and those generated by learners while read-
ing. In the latter condition, subjects were given advance information about the tasks they were
to perform so that they would generate more specific task-related elaborations while reading.
Each source of elaborations facilitated skill performance. This result contrasts with results of
the past experiments testing declarative knowledge in which author-provided elaborations were
found to hurt performance. In Experiment 2, the author-provided elaborations were classified
into those illustrating the syntax of the operating system commands and those explaining basic
concepts and their applicability. Syntax elaborations produced significant facilitation for ex-
perienced and novice computer users. Concept elaborations produced no reliable improvement.

An important question to both memory theorists and
pedagogists is, **What variables will improve the learm-
ing and retention of written information?"* One such vari-
able that has been the topic of considerable speculation
and research is the effect of elaborations (J. R. Anderson
& Reder, 1979; Bransford, 1979: Chiesi, Spilich. & Voss,
1979; Craik & Tulving, 1975; Mandl & Ballstaedt, 1981;
Mandl, Schnotz, & Tergan, 1984; Reder, 1976, 1979,
in press; Weinstein, 1978). In the view of most
researchers, there are several reasons why elaborations
should help subjects learn and remember the main ideas
of a text. Elaborations provide muitiple retieva rouics
to the essential information by creating more connections
to the learner's prior knowledge. If one set of connec-
tions is forgorten, it may be possible to retrieve the desired
information another way. Furthermore, if the learner for-
gets an imporant point, it may be possible to reconstruct
it from the information that is still available.

Elaborations can arise from two distinct sources: first,
the text itself can contain elaborations of the main ideas,
and second, the reader can generate them independently
while reading. We use the same term for both types, be-
cause we define elaborations as any information that sup-
ports, clarifies, or further specifies the main points of a
text. Elaborations can take many forms, including exam-
ples, details, analogies, restatements, and deductions.
There are merits and drawbacks both to the elaborations
generated by the reader and to those provided by the
author. Elaborations provided by the author of the text
may be more accurate than those the reader devises, since
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the author is presumably more knowledgeable about the
topic. On the other hand, the reader’s own elaborations
are likely w0 be more relevant to his or her immediate pur-
pose for reading.

There has been ample research supporting the idea that
reader-generated elaborations facilitate retention. This
support comes from experiments in which subjects had
additional knowledge that allowed them to generate more
elaborations than other subjects generated. Some experi-
ments contrasted subjects who had a good amount of
domain-relevant knowledge (for example, knowledge
abow basebali) with subjecis who had litle relevant
knowledge (e.g., Arkes & Freedman, 1984; Chiesi et al.,
1579). In other experiments, some subjects were provided
with additional information that was relevant to a passage
to be read (e.g., Bower, Black, & Turmer, 1979; Brown,
Smiley, Day, Townsend. & Lawton, 1977; Sulin & Dool-
ing, 1974). In all cases, subjects who had access to more
relevant knowledge were more likely to intrude not-
presented, but relevant, information and were also more
likely 1o false alarm to plausible inferences based on this
additional information. Therefore, it is reasonable to con-
clude that these subjects, in fact, were elaborating on the
presented material with their relevant prior knowledge.'
More important from our perspective, the subjects in these
studies also showed significantly better retention of the
gist of the material and better understanding of it (R. C.
Anderson & Pichert, 1977: Arkes & Freedman, 1984,
Bartlert, 1932; Bower, 1976; Brown et al., 1977; Dool-
ing & Cristiaansen, 1977; Owens & Bower, 1977,
Schallert, 1976; Weinstein, 1978).

Although reader-generated elaborations have been
found to facilitate retention. the evidence concerning
author-provided elaborations indicates that the latter do
not provide similar benefits, Author-provided elaborations
may, in fact, impair retention of the central ideas, as com-
pared 1o studying these ideas in isolation. In 10 studies,



Reder and J. R. Anderson (1980, 1982) found that stu-
dents who read fully elaborated chapters, taken verbatim
from standard college textbooks. consistently pecformed
worse than did students who read chapter summaries that
were one fifth as long, The advamage for the summaries
(which appeared in both reaction time and percentage cor-
rect measures) held up at a variety of retention intervals
tranging from 20 min to 1 year), and it held for various
tests of declarative memory. including forced-choice
veritication. short answer. and free recall (Allwood, Wik-
strom, & Reder, 1982}, Performance was better even on
new material when related material had previously been
studied in summary form. The advantage for summarias
was also found under a variery of study conditions. In the
initial experiments, a fixed study time was imposed on
subjects in both text conditions. However, Reder (1982)
also found an advantage for summaries in a nonlabora-
tory setting, in which subjects studied the materials at
horne at their own paces. Furthermore, Reder and J. R.
Anderson {1982) equated reading time for each presented
semtence in both conditions. That is. the main points were
presented for equal amounts of time in isolation on a com-
puter screen;: the subjects in the elaborated condition twok
additional time to study elaborations after each main idea.
Performance in the summary condition was superiur}
Mot all research on aothor-provided elaborations hag
found that elaborations impair learning; however, the con-
ditions under which such elaborations benefit the learner
tend to be rather specialized. Stein and Bransford (1979)
studied subjects’ recall of an adjective cued by the sen-
tence frame within which it had been studied. The elabo-
rations in these cases were additional phrases or clauses
that increased the importance of the adjective to the
plausibility of the sentence. Mandl er al. (1984) found that
elaborated texts facilitated recall and comprehension, but
only when the reader was very knowledgeable in the topic
area; otherwise, elaborated texts produced worse perfor-
mance than unelaborated ones. Rothkopf and Billington
(1983) found thar elaborated passages were sometimes su-
perior to unelaborated passages, but only when they were
mixed into the same texts: when one text was uniformly
elaborated and another was summarized, the summarized
version produced better retention of the central points.
Bradshaw and I. R. Anderson (1982) attempted to devise
especially related elaborations that would facilitate recall
of an entire sentence (cued by the sentence subject). For
a fixed amount of study time, the best they could do was
to get equivalent learning performance in the elaborated
condition and in the isolated (unelaborated) condition.
Overall, the pervasive finding seems to be that, espe-
cially with a fixed study time, people learn facts best when
they study thaose facts without reading elaborations, Yet,
the finding that author-provided elaborations are often in-
affectual and sometimes even detrimental to learning is
a serious and curious charge. The implications for wext-
book production would be grave if one actually believed
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the result. One factor that we believe is crucial to the ef-
fectiveness of the elaborations found in instructional texts
is the kind of learning that is expected to take place. [n-
deed. educators and laymen alike often assert that it is
much less important 10 know a set of facts than to know
how to use these facts. A similar distinction between fact
learning and skill learning has received considerable at-
tention in recent years in the cognitive science literature,
under the label of declarative versus procedural learning
{e.g.. J. R. Anderson. 1980; Posner, 1973: Shiffrin &
Schneider, 1977). Below, we briefly contrast the nature
of each kind of learning and explain why we expect
author-provided 2laborations to play a different role in
each.

Why Do Author-Provided Elaborations
Impede Fact Learning?

There are several characteristics of tests of factual
knowledge that may lead a person to perform better afier
studying a summary than after studying a full, elaborated
text. Pirst, tests that ask subjects to recall or recognize
studied statements require retrieval of specific facts
learmed at a particular time. The stronger the trace is, the
more likely that it will be retrieved at test. A proposition
or fact is strengthened in memory tw the extent that the
subject devotes more attention to it. The studying of sum-
maries facilitates performance on tests of facrual
knowledge. because it allows the reader to devaote full at-
tention to the essential facts, exactly those that must be

trieved at test, In other words, studying elzborated texts
impedes learning the main points of the text because read-
ing the elaborations reduces the amount of time subjects
can devote o the main points. This Total Time Law is
a well established verbal learning phenomenon (e.g.,
Bugelski, 1962; Cooper & Pantle, 1967).

The Total Time Law cannot completely explain the ad-
vantage of the unelaborated versions, however. When
study time was equated for main points, but one condi-
tion also gave subjects additional time to study related facts
after each main idea. performance was still significantly
worse with the additional facts {Reder & J. R. Ander-
son. |982). Anobvious explanation for the result is that
elaborations can also intertere with recall. Interference
differs from the total time explanation in that it affects
retrieval rather than encoding. There is ample evidence
for the existence of retrieval interference both on recall
{e.g.. Postman. 1971: Postman & Stark, 1969) and on
response times to verification (e.2.. J. R. Anderson, 1974:
Reder & I. K. Anderson, 1980).

Another reason that elaborations do not help perfor-
mance in factual tests is that there is linle uncertainty in
the testing situation about how to apply the knowledge.
In a recognition or a recall test, it is usually clear what
information is needed. when or why to retrieve it. and
what to do with it once it is retrieved. The information
found in an elaboration is seldom called on in such tests
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and therefore only distracts the reader, when his or her
time would be better spent studying the targeted facts
themseives.’

Why Might Author-Provided Elaborations
Faeilitate Skill Learning?

Our conjecture is that tests of fact learning place specific
demands on the retrieval processes and that studying sum-
maries focuses subjects” amention in just the right places
to produce the best performance. This analysis suggests
that author-provided elaborations can facilitate perfor-
manee if the tests no longer place such a high premiom
on retrieving only the main points. When subjects must
use the information. in the sense of determining appropri-
ate cantexts and methods of application, then we expect
the benefit of the additional information for performing
the tasks to outweigh the liability of having less study time
for the main points and addirional retrieval competition.

The task in our studies involves the acquisition of a cog-
nitive skill (viz., learning to manipulate files and direc-
tories on a personal computer). [n the task, a small set
of basic procedures can be applied to a variety of novel
situations. Good skill performance on a novel task requires
three things: (1} Appreciating the meaning of concepts
novel to the new skill domain. For example, in learning
to use an IBM Personal Computer, one might be in-
troduced for the first time to function keys that allow the
user o reexecute a command that was already issued,
without retyping it. (2) Remembering and comparing
procedures to select the most approprisie one for the sit-
uation at hand. Knowing at some level that such a func-
tion key exists does not mean that the user will remem-
ber 1o use it. {3) Remembering the exact syntactic form
for the procedure and how to apply it in a specific situa-
tion. A user might remember that the typing step could
be saved by using the special key but be uncertain as to
which of the 10 function keys performs that function and
exactly how to apply it {e.g., whether the carmiage remarn
key must be pressed afterward, or the escape key).

Elabarations in the wext may touch on any of these topics:
what the basic concepts are, when they are relevant, and
how one applies them. For example, when the goal of a
task does not exactly match the function of any known
procedure, elaborations may provide a subject with deeper
understanding of the function of each individual procedure
and thus facilitate construction of an effective combina-
tion of procedures. Elaborations about what conditions af-
fect the usefulness of a procedure can help subjects plan
out more efficient sequences of actions. Finally, supplement-
ing a general syntactic rule for a computer command with
specific examples can help subjects set more specific stan-
dards for what their own commands must look like.

Elaborations seem most important for subjects learn-
ing to select and execute procedures correctly. There is
some experimental evidence that examples facilitate the
selection and execution of procedures in other skill-
learning situations. Ross (1984) found that subjects chose
between equivalent computer text-editing procedures on
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the basis of the superficial similarity between the nomi-
nal situation at test and the situation evoked in instrue-
tional examples. Pepper (19817 also found that students
anended closely to examples. Thosec who read a carefully
written computer programming chapter that included
numerous examples not only rated it more highly than
comparable chapters without examples, but also answered
more programming problems correctly than did students
who read the other chapters.

In Experiment |, we crossed the availability of wwo
sources of elaboration on skill performance: whether
elaborations were present in the instructional manual and
whether readers received information about the rasks be-
fore they read the manual, Providing prior knowledge of
the test material has been explored extensively in tests of
declarative memory (see R. C. Anderson & Biddle, 1975;
Reder, 1982, in press; and Rickards, 1979, for reviews).
Readers perform better on tests of factual knowledge when
they are given the questions prior to studying the material;
however, if they are given prior knowledge of only some
of the questions, they perform poorly on the unexpected
test questions. In a skill-learning domain such as this, we
expect prior knowledge of the task to facilitate perfor-
mance by focusing the reader’s atention and stimulating
the generation of task-specific elaborations.

In the fact-learning literature, there is evidence that a
subject's own elaborations are better retained than those
provided by the experimenter (e.g., Bobrow & Bower,
1969, Rohwer & Ammon, 1971; Rohwer, Lynch, Levin,
& Servki, 1947; Robwer, Lynch, Suzuki, & Levin,
1967). Nonetheless, we suspect that in a skill-learning do-
main, reader-generated elaborations will be less reliable
than those the author can provide. Thus, although we ex-
pect reader-generated elaborations o improve subjects’
performance, relative to having no source of elaborations
available at all, it is unclear how they will compare to
author-provided elaborations and how they will interact.

EXPERIMENT 1

In Experiment |, subjects were asked to read one of
two versions of a user's manual for the [BM Personal
Computer (IBM-PC). We then measured their facility at
using the computer without the manual to perform a
specific set of tasks.

Method

Design. The experiment used a 2% 2 between-subjects factorial
design, where the first variable determined whether the document
contained elaborations or nat, and the second determined whether
subjects read the task instructions prior to studying the document
or not. Subjects were randomly assigned to conditions, with the
constraint that they be evenly divided among the four conditions.
Although we noted how much previous computer experience our
subjects had. we did not contrel for this variable in assignment o
conditions, except 1o ensure that no subject had ever worked on
a microcomputer. Instead, we used prior experience as a covariae
in our data analyses.

This experiment actually contained two experiments. the r!ec:md
a virtual replication of the first. Any differences in materials of



procedures will be noted. as will the rationale for any modifica-
tions in the replication.

Materials. Two versions of a user’'s manual were developed for
teaching novices to use the disk operating system {DOS) an an [BM-
PC. Both versions were constructed by modifying ponions of the
official IBM  Microsoft, Inc.. 1983) documemation. The same basic
information was presented in both versions. which differed only
in the degree of <laboraien of concepts and procedures for using
the described commands. The manuals were divided inta two sec-
tions. The first section discussed concepts underlying the [BM-PC
and its operating system, such as disk drives, directories and subs
directories. and use af wild-card characters. This section laid the
groundwork for the specific commands discussed in the second sec-
tion. since the command syntax requires the location of an object
{such as a file ar a directory) to be specified in werms of a disk drive
and a path through o hierarchy of directories and subdirectories.
The second section af the documentation introduced 11 DOS com-
mands (3 complete list is provided in Appendiz A). The manual
described what each command does, what parameters must be spaci-
fied when it is issued. any optional parameters, and any ather spe-
cial information. such as how the computer interprets wild cards
in the context of that command.

The unelaborated version of the document was constructed by
deleting portions of the elaborated manuai, such as examples, anal-
agies, metastaternents. and definitions. Appendix B shows samples
from the elaborated and unelaborated manuals for each of these fypes
aof elaboration, Mone of the elaborations conwined any new infor-
mation necessary to completing the criterion tasks. The elaborated
version contzined more than twice as many words as the unelabo-
rated version, (In the first run of the experiment. the elaborated
version comained 11,216 words and the unelaborated varsion con-
1ained 3.011; in the replication ¢xperiment, the manuals were
wrimmed o 10,605 and 3.542 words, respectively.)

Apparatus. Two [BM-PCs, each with two disk drives, were con-
nected by a cahle betwesn their seral ports. Software was developed
to record the subject’s interactions with the computer. While the
subject issued commands at one [BM-PC. the commands and the
computer’s responses were echoed across the cable and recorded
(with a time stamp) in a file on the second [BM-PC, which was
screened from the subject’s view by a room divider.

Subjects. Eighty-eight members of the Camegie-Mellon Univer-
sity (C-MU) communicy (stadems. faculey, and stafif members) par-
ticipated in the experiment. 45 in the first replication, and 43 in
the second. All subjects were occasional o frequent users of C-MU's
DEC-20 computer system, running the TOPS operating system (a
system which does not support subdirectones). No subject had previ-
ously waorked on 4 micrecomputer. Three subjects were nonnative
speakers of English, but fluent enough to completely understand
the documentaion. Subjects received sither money or class partici-

patian credit ar a combination of the two. (In the replication. only

subjects who had taken no more than one compuier programming
course were allowed o paricipate. Initially we paid S4/h for par-
ticipation but lowered our rate to $3th for the replication.)
Procedure, Experimental sessions consisted of a reading period
followed by a task performance period. At the outser of the read-
ing pericd. half the subjects (the bafore group) were given prined
instructions describing the criterion tasks, which they read before
reading a version of the manual, The other subjects (the after group)
did not see these instructions until just before they performed the
tasks. Within the before and after groups, half the subjects read
the claborated manual and half read the unelaborated version. All
subjects were told to review the impartant poims as often as time
permined, because the manual would not be available while they
performed the tasks. Subjects studied the manual while seated in
frant of the IBM-PC. They were old to examine the keys referred
to 1 the docomentation, bul nat 16 issue any commands. touch the
machine, or take notes. When the reading period was over, the ex-
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perimenter remerned 10 remove the manual and begin the sk per-
farmance phase,
Below arc the task instructions used in the replication:

These tasks will allow you 10 practice using the concepts you
learned from the manual, You mav wark on these tasks in any
order, Cominue working until you are satisfied that ¥ou have com-
pleted the msks to the bect of your abilities. We want you, however.
1o work as efficiently as possible,

Tirsk {. Befores you, in drive A, is a diskene containing a num-
ber of files, Some of these files have the woed "PART in their
names. such as file “PART.L."" We want you to change the names
of these files, The new name that you should give each file ap-
pears a5 (ke first line of that file. So. inspect the contents of each
file that now has "PART ™ in its nams and give the file the name
that you find in the first line of the fle,

Task 2. Four of the files on the diskerte have the word “"DATA™
in their names, and the abbreviation of a menth in their exten-
sion, such as DATA . MAR. We want you 1w create a fifth daa
file named ALLDATA.83 that coneains the contenis of the other
four data files appended together. Within ALLDATA 83, the files
should appear in **chronological” order; that is. the conisnts of
DATA.MAR should precede the contants of DATAJUN because
March is earlier in the vear than Jume.

Task 3. Mext. you should create two subdirectories on the dis-
kerte in drive B. One subdirsctory is to be named PROGRAMS
and the other named DATA. Move all the files that have the word
“*Program’” in their names from drive A into the PROGRAMS
directory on drive B. And, similarly, move the “*Data” files (in-
cluding ALLDATA B3 from Task 2, if you have already created
it}, into the DATA directory, You do nod want any Program ar
Data files to remain on the diskene in drive A,

Task 4. Finally, you should sliminate the SOURCE directory
and everything it contains from the root directory of the diskens
indrive A. The root dicsetory on drive A should now contain only
a list of files.

Your sk iz complete.

Even though the computer recarded all interactions between the
subject and computer, the experimenter was present to determine
whether the subject had arrived at an impasse {i.2., could not com-
plete part or all of a wsk). The subject either gave up or was siopped
after approximately 10 mun of fruitless effort, At this point, the ex-
perimenter replaced the diskene that the subject was working on
with a prepared diskette, on which the procedures for that part of
the 1ask had already been compieted. In this way, the subject coold
proceed to the next part of the task as if he or the had actually com-
pleted the problematic part, Subjects were not allowed to ask ques-
tions. unless the quesion was of a superficial nature. such as.
“Which key is the carriage return?™” (This was not immediataly
obvious on the IBM-PC keyboard.) The entire experimeant took ip-
proximately 1.3 h.

A few differences in procedure between the two replications are
worth noting: (1) The first 40 subjects were given a fized 45 min
t0 study the manual; the second group of subjects were given up
to 60 min but were permitted to stop sooner if they wanted to (study
times were collected). In both cases, subjects were told when half
the maximum study time had slapssd. (We permined additional read-
ing time in the replication because we felt that subjects in some
conditions did not have enough time to study the manual when given
only 43 min,» (2) In the replication, subjects in the before graup
were allowed to keep the task instructions while reading the manual.
Initially, the before group retemed the instructions after reading
them once, and saw them tor the sacond time when the sk peefor-
mance phase started (i.e., when subjects in the after group firse
received them). Allowing the subjects to keep the instructions was
intended 10 eliminate the additional memory load of the task in-
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structions while the subjects read the manueal and to minimize the
possibilicy of misremembering the tasks while studying the manual.
{3} The task requirements in the replication differed in three ways
from those used for the Arst version of the experiment. First, Task 2
was added in the replication to provide broader coverage of the com-
mands in the manual. Second. Tasks [ and 3 were made less repeni-
tive {¢.g., subjects renamed & files in the replication as opposed
1o 15 files). Finally, Task 4 was modified to force subjects 1o draw
mare on what they leamned about subdirectories. Subjects were now
forced to specify paths to deeply embedded subdireciaries in their
commands or change the default directory in order to successfully
complete the ask.

Results

The data of 8 subjects were discarded (leaving exactly
40 per replication), 5 because of computer failure, 2 be-
cause the subjects were so inexperienced with computers
that they refused to continue the experiment shorily after
beginning the criterion task. and 1 because his protocol
revealed that he had worked on the tasks for several
minutes during the study peried.

In the replication, subjects were allowed to study the
manual for up to 1 h (rather than for a fixed 43 min). The
mean reading time was 49 min for the elaborated-before
condition, 48 min for elaborated-afier, 43 min for
unelaborated-before, and 40 min for the unelaborated-
after condition. The differences in reading times as a fune-
tion of condition were not significant; however, 60% of
the subjects in the elaborated-before condition studied the
manual for over 50 min, whereas only 10% in the
unelaborated-afier condition did 50.

In the analyses-reported below, we always included the
factor of replication. There were neither significant ef-
fects due to replication for any of the dependent measures,
nor significant interactions of replication with any of the
factors. Therefore, in our discussion of the results, we
ignore the replication factor.

The protocol of a subject’s interactions with the com-
puter was stored in a file, which was subsequently ana-
lyzed by means of a computer program. The program al-
lowed the experimenter to partition the protocols

according to which task the subject was working an. The
program counted commands (e.g., how often a subjact
issued the TYPE command while working on Task 1) ang
caleulated time intervals, both within and across task par-
titions. The partitioning of the protacols was carried ayy
independently by two judges for a random subset of the
data. The agreement between the judges was quite high
{r = .98): any disagreements were resolved to muga|
satisfaction.

There are many conceivable measures of performance,
Rather than attempting to report them all (consult Reder,
Charney. & Morgan, 1984, for a more thorough sum.
mary), we have selected a few répresentative measures:
percentage of tasks completed. time spent on task, aum-
ber of commands issued to perform the tasks, and per-
formance efficiency for completed tasks only. Efficiency
was defined as performance relative to the minimum num-
ber of commands required. These measures are presented
in Table | as a function of whether each source of elabo-
rations was available.

A consistent pattern emerges with all measures of per-
formance, although more strongly in some than in others.
Performance is better if subjects have an elaborated
representation of the material; however, one source of
elaboration is sufficient, and it does not mater whether
it is author-provided or subject-generated. Another way
to state this is that the upelaborated manual in the condi-
tion in which subjects did not have prior knowledge of
the task produced the worst performance by all measures,

The. performance measure that produced the smallest
effect was the proportion of tasks completed correctly (the
top row of Table 1). Each task was scored individually
for a subject, with partial credit awarded for correctly
completing any part of a task. These data represent the
mean scores over all tasks anempred. There are no sig-
nificant effects of either experimental variable on the abil-
ity 1o finish the assigned tasks, although performance in
the condition with no source of elaborations appears to
be slightly worse. (In the first run of the experiment, per-

Table |
Performance on Task as a Function of When Task Instructions
Were Given and Type of Manual Studied, Experiment 1

Before After
Elaboratsd Unalaboraed Elaborated Unelaborated
Manual Manual Manual Manual
Proportion of
Tasks Correcty 30 2D 85 76
Completed
Mean Time on
Task in Minutes 315 36.1 29.4 40,2
{All Tasks)
Mean Mumber of
Commands [ssued 95.8 94.2 T6.8 101.8
{All Tasks)
Proportion of
Commands [ssued
Per Minimum Step 2.88 1M 2.29 323

Required
(Completed Tasks Only)




farmance ranged from ?5_% W 93%. The elaborated
manual in the after-instructions condition produced sig-
nificantly berter performance than did the other three con-
ditions: however, when study time was allowed to devi-
ate up or down from the enforced 43 min. performance
of subjects in all conditions averaged about 80%.) We take
this relatively high level of performance as evidence that
even gur minimal {unelaborated) manual adequately ex-
plained the concepts and procedures 5o that all subjects
could perform the tasks competently, at least when no time
restrictions were imposed on task completion.

There were significant effects of elaborations on the
quality of the performance by such measures as the time
taken on the tasks and the aumber of commands issued.
Rows 2 and 3 of Table | present these data. Subjects were
significantly faster to perform the tasks if they had read
the elaborated manual [31 min vs. 38 min; F{1.72) = 5.6,
MSe = 161, p < .01). Subjects in the elaborated-after
condition issued significantly fewer commands than did
subjects in the other three conditions [#(72) = 3.5, SE
=359 p < .01l

The time and steps measures just reporied include data
from tasks which subjects failed to successfully complete
fi.e., they received no credit or partial credit for their
work on the tasks). The scores for the incomplete tasks
might skew these measures: the scores could be artificially
high if subjects persisted in working on a task without
success, or artificially low if they gave up immediately
when they did not think they could do it. Therefore, the
number of commands a given subject issued for a com-
pleted task was compared with the minimum number re-
quired for that task. The ratio of actual steps to minimum
required are given in Row 4 of Table 1. We call this
measure 'efficiency.”

There was a significant interaction of the extent of
elaboration with whether subjects had prior knowledge
of the task on efficiency [F(1,72) = 6.82, MSe = L.6,
p < .05). Performance in the elaborated-after condition
was superior to the other three conditions [(72) = 2.2,
5E = .24, p < .03]. The unelaborated manual produced
somewhat better performance than did the elaborated
manual when subjects had prier knowledge of the required
tasks (the before conditions); however, the interaction is
due primarily to the worst condition (unelaborated-after),
in which subjects read the unelaborated manual without
prior knowledge of the tasks. No contrast involving the
elaborated-before condition by itself was significant.

Discussion

In the introduction, we noted that both the Total Time
Law and the phenomenon of retrieval interference would
predict that author-provided elaborations should hurt the
acquisition and retrieval of central ideas from a text. Since
the findings that such elaborations hurt performance were
based exclusively on declarative knowledge tests {recall
or recognition), we hypothesized that in a skill-learning
domain, studying elaborations would help a learner de-
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cide which procedure w apply to salve a given problem
and how to apply general rules in specific situations.
roughty the came ) Sonditions managed to complete
- me proporion of the tasks: however, suh-
Jects who studied the elaborated manual worked mare ef-
i;‘:;z:l}’ E:Elhtin subjeets who _studied the unclaborated

. rms of both the time they spent on tasks and
the number of commands they issued. Subjects consis-
tently performed poorly in the unelaborated-after condi-
tion, where no source of claborations was available. This
result is in sharp contrast to the results of Reder and 1.
R. Anderson (1980, 1982), for example, whose subjects
always performed at least as well with the unelaborafed
version of a text. Thus, there is support for the hypoth-
esis that, unlike in the domain of declarative fact learn-
ing, studying elaborations in a text does help people per-
form a skill.

One area of past research reviewed earlier did find that
elaborations improve memory for main points: recall was
better when people could use prior knowledge about a
topic to generate their own elaborations while they read.
In these studies, also, we found some evidence that hav-
ing a specific task or problem in mind while reading a
manual helped people apply what they were reading to
their tasks. However, our results suggest that when peo-
ple already know what tasks they must perform, they
benefit very little from seeing examples and other elabo-
rations in the text. The reader can process the manual
selectively and generate his or her own task-specific elabo-
rations. The elaborations in the manual are less relevant
to the specific tasks and appear to distract the reader from
this critical process. Although subjects who did not have
the tasks in mind as they read were much better off with
the elaborated version of the manual, subjects who knew
about the tasks in advance performed just as well with
the shorter, unelaborated version of the manual; this sug-
gests that one source of elaborations is sufficient (i.e.,
performance is not berter with multiple sources of elabo-
rations).

It is interesting to speculate about why performance in
the elaborated-after condition was often significantdy bener
than performance in the ather three conditions: in partic-
ular, why having both sources of elaborations available
in the elaborated-before condition did not boost perfor-
mance above that of either source alone. We suspect that,
in part, it is unnecessary to have two sources of elabora-
tions and, in part, having both sources available makes
it more difficult to exploit either one. [t was too demand-
ing in the elaborated-before condition to process the
author-provided elaborations, keep in mind the task re-
quirements, and generate task-specific elaborations. The
reading time data in the replication provides some evi-
dence for this interpretation: 50% of the subjects in the
elaborated-before condition studied the manual for over
50 min. whereas only 30% of those in the elaborated-atier
condition did so. However, having more time (o study
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the manual in the replication did not improve the relative
performa_m;n: of this condition.

How does performance in the elaborated-after condi-
tion compare to that in the unelaborated-before condition?
Although the cell means for the elaborated-after condi-
tion are better on all measures, the differences in most
cases are not very large and do not differ reliably from
the unclaborated-before measures. (Typically, the
elaborated-after condition was significantly better than the
other three conditions combined.) To the extent that the
elaborated-after condition can be singled out as superior
1o the other conditions that provided some source of elabo-
ration, we would like to conclude that author-provided
elaborations are superior to the ones that the reader can
generate independently. We believe, however, that such
a conclusion would be premature.

We hypothesized at the outset that author-provided
elaborations would help in a skill-learning situation be-
cause, unlike simple declarative learning situations, good
performance requires judging the appropriateness of the
stored information to the task context and gn:rn‘.'mlii'.iﬂgt
contexts of application (for a rule) to novel situations.
Given that we have found that author-provided elabora-
tions do help in a skill-learning situation, it becomes in-
teresting to determine whether the advantage of elabora-
tions is related 1o identifying contexts of application, as
hypothesized, or due o some other aspect of a skill-
learning sitwation that is not shared by the standard
declarative tests.

We have implied that the skill-learning tests tap under-
standing in a way that the declarative tests of paiot
research do not. On the other hand, the difference berween
the rwo learning situations is not simply that one requires
a deeper understanding or greater ability to recognize con-
texts of application. For example, acquiring the skill of
using a computer requires that subjects learn the exact
syntax of commands that will be needed to perform a task.
Many other skills (e.g., mathematics and writing) involve
abstract rules for manipulating symbals. Learners not only
must remember an abstract rule, but also must produce
a specific instantiation of the rule that is appropriate for
the task at hand.’

Given that subjects who did not have advance
knowledge of the tasks performed so much more effi-
ciently after reading author-provided elaborations, we
wondered whether the benefit of the elaborations was for
choosing the most efficient applications of commands or
for learning to implement the command syntax. For ex-
ample, a number of elaborations in the manual gave ad-
vice about when to use shortcuts (such as wild-card charac-
ters) in commands. If these elaborations helped subjects
remember to use the shortcuts at appropriate times, then
these subjects should have been able to complete the tasks
with fewer commands. On the other hand, the manual also
contained many examples of syntactically correct com-
mands and detailed explanations of the notations. If these
elaborations helped subjects formulate correct commands,
then the greater overall efficiency would be due not w

the efficiency of the solution, but rather to the subjects’
abilities to carry it out.

One source of information on this question is the on-
line record of the subjects” interactions with the computer.
We analyzed 20 on-line protocols from the elaborated-
after and unelaborated-after conditions, 10 for each ver-
sion of the manual. The commands that the subjects is-
sued were categorized into five types®: (1) productive
moves—syntactically correct commands that carry out 2
target action or that enable one: (2) verification moves—
commands that check whether a previous command had
the desired effect; (3} execution errors—commands that
contain oneé Or more Syntactic errors: (4) goal-
specification errors—wrong command issued or failure
to perform a prerequisite action, showing that subject may
have some misconception about current state of the com-
puter or the capabilities of a command; (5) recovery
moves—commands to gain information after an error or
to undo its effects.

Table 2 displays the distribution of commands thar fall
into each of these five categories for each subject as a
function of type of manual studied. If the ¢laborations had
helped subjects generate more efficient solution strategies.
then we would have expected subjects in the elaborated
group to need fewer productive moves; however, although
the elaborated group did issue slightly fewer productive
maves, the differences for both the productive moves and
the verification moves are negligible. On the other hand,
subjects who read elaborated manuals issued less than half
as many commands that were syntactically incorrect, and
this di*fercnce was signalicant [W(18) = 2.6, MJe = 4.1,
p < .03]. Furthermore, they made half as many goal-
specification errors and took only half as many moves to
recover from an error. The latter contrast was also reli-
able [((18) = 2.3, M3e = 4.1, p < .03]. Thus, subjects
who studied the elaborated manual not only generated cor-
rect syntax more often, they were also benter at knowing
what commands to generate and at fixing commands that
were wrong.

The results of the protecol analysis suggest that the
benefits of elaborations may be due to the syntactic elabo-
rations, those that specify how to perform a procedure.
[n Experiment 2, we separated the syntactic elaborations
from the general conceptual élaborations, varying the
prezence of the two types orthogonally. Conceptual elabo-
rations should be important in a skill task if the facilitat-
ing effect of elaborations for skill acquisition results from

Table 2
Mean Steps per Subject for Flve Kinds of Actions as a
Function of Yersion of Manual, Experiment |

Elaborated Unelaborated
Manual Manual
Productive Moves 73 3.7
Yerification Moves 11.0 12.3
Execution Errors 9.5 0.2
Goal-Specification Errors 7.3 135
Recovery Moves 1.3 1.8




a need 1o determine the appropriateness of the stored in-
formation to the @ask constraints, On the other hand. if
elaborations belp in a skill situation because of the
difficulty in learning how o generate syntactically cor-
rect commands, then aniy the syntactic elaborations or
examples will facilitate performance.

EXPERIMENT 2

In Expertment 1. we used manuals that either elaborated
both concepts and syntax or ¢laborated neither. For Ex-
periment 2, we created two additional versions of the
manuals, so that we could orthogenally vary the elabora-
tion for concepts and command syntax.

In addition to determining whether both syntactic and
conceptual information benefited equally from elabora-
tions, we also wondered whether benefit from different
types of elaborations varied as a function of subjects’ ex-
penience. Specifically, would computer-experienced users
benefit from the same types of elaborations as would com-
puter novices when learning 1o use a new operating sys-
tem? We expected these two groups to have almost com-
plementary needs. Experienced users already understand
the general concepts behind computer systems. They need
o know how those concepts are instantiated in the new
system and might be distracted and bored by elaborations
on concepts they already understand and by long exposi-
tions on how the commands work. Conversely, novices
lack a clear comception of what a computer operating sys-
tern can do. They might benefit from a longer discussion
of these new concepts. Both experienced users and
novices, on the other hand, might benefit from sesing con-
crete examples of the command syntax. Although ex-
penenced users may be better able to parse the standard
abstract syntax specifications found in most compurer
manuals, they, too, should prefer more informative
specifications and instances from which to generalize the
rule.

Method

Design. For this experiment, we used a 2 2 % 2 berween-subjects
factorial design: computer experience (experienced vs. novice com-
puter users), congeptual elaborations (present or absent from the
manual), and slaborations of command syntax (present or absent
fram the manual). Subjecis were screened for prior compuier ex-
perience and, if appropriate, were assigned 1o ane of the experience
groups. Within each experience group, subjects were randamly as-
signed o one of the four manual conditions,

Subjects. Ssventy-two subjects were paid $6 each for par-
licipating, The 40 novices were srudems or staff members from
C-MU. University of Pittsburgh, or Allegheny Community College
who had taken ar most one programming caurse and claimed some
familiarity with an interactive computer operating system. but not
one running UNIX. VMS. or DOS. The 32 experienced subjects
were graduate studenes, faculty, or staff from C-MU or University
af Pittsburgh who knew at least two programming languages and
were familiar with either the UNIX or VM5 operating systems.,
bath of which support subdirectories. The experienced subjects also
had experience using microcomputars, bt not the [BM-PC.

Materials. The elaborations in the manuals varied along 1we
dimensions. A manual was concept rich if it contained elaborations
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aon the purpose af the commands and when it was a good idea wo
use themn, Concept-rich manuals also contained elaborations on basic
wpics such as disk drives. subdirectaries. and paths. All of these
elaborations were emutted from the concept-poor versions. A manual
was syntax rich if it contained elabarations on how to issue a com-
mand. such as examples of correct commands and descrprively rich
format statements. These elaborations were omitted from the syntax-
poor versions, These variables were combined factorially to create
four versions of the maneals. The syntax-rich elaborations are il-
lustrared in Appendix C and the concepr-rich elaborations in Ap-
pendix D.

Procedure. The procedure for this study was very similar 1o that
of Experiment 1. excepl that no subjects were given advance in-
formation about the tasks before reading the manval. Subjects read
their assigned manuals at their own paces (for a maximum of 1 hy.
Subjects were told that they should review the important points of
the manual a5 often as time permitted, because the manual would
not be available while they performed the task. After the reading
pericd was over, the manuals were removed and subjects were asked
to parform six tasks on the computer to the best of their ability,
Since the experienced computer users might give ceiling perfor-
mance on tasks that novices find challenging, and since novices
might give floor parformance on asks that experienced subjects
find challenging, half the tasks were designed (o be relatvely easy
and half the tasks were designed 1o be relatively difficult. The in-
structions for the six tasks were as follows:

Task 1. Before you, indrive A, s 2 diskene conaining a num-
ber of files. Some of these files have the word “"PART™ in their
names, such as file "PART.L."" We want you to change the names
of these files. The new name that you should give each file ap-
pears on the first line of thac file. So. 1o find the new name, you
must inspect the contents of each file that now has “*PART™ in -
its name and then give the file the name that you find on the first
line of that file.

Task 2. Nexi, you should create rwo directories on this diskesde.
One directory is 0 be named PROGRAMS and the other named
DATA, Move all the files that have the word “*Program'® in their
mames into the PROGRAMS directory. And, similarly, move the
“*Daw” files into the DATA directary. You do not wanr any Pro-
gram or Data files 1o remain in the root directory of the diskens
in drive A

Task 3. The diskene in drive B contains a subdirectory named
“NEW,'" We would like you to move all of the files in this sub-
directory to the root directory of the diskette in drive A, You do
not want any files to remain in the directory on drive B.

Task 4. The root directory on the diskette in drive A contains
three files with _DCR extensions and three files wich .PRG exten-
sions, Each .DCR file matches one of the \PRG files in its stem
name. That is. the SORT.DCR file comresponds o the SORT.PRG
file. and =0 on. We would like you to create three new files by
appending each (PRG file to the end of the corresponding . DCR
file, The new files should all have the ¢xtension .CEE. So, for
example, vou will ¢reate 3 {ile called SORT.CEE which would
coniain the contems of SORT.DCR followed by the contents of
SORT.PRG. You should only need to issue one command to ac-
complish this task.

Task 3, The root directory on the diskerie in drive A coneains
a directory called EXFA3. EXPE3 contains another directory called
SURJ.FLS. We want you to creais a file called EXPE3LST in
the EXPE3 directory. The contents of this Ale, EXPS3.LST, should
be a list of the names of the fles ia the SUBJL.FLS diveciory.

Task 6, We want you to eliminate the directory named SOURCE
and evervihing it contains from the roat directory of the diskerne
in drive A,

Tasks |, 2. and 3 were considered relatively easy. Task 4 re-
quired subjects 1o composs 2 comples command with wild cards,
Task 5 required using a variant of the COPY command o creare
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a pipe from the keyboard to a file, Task § required sophisticaied
path specifications in commands (o operate on deeply embedded
files and subdirectories.

Results

The scoring procedure was the same as that used for
Experiment 1. The results described below reflect the
scores of 72 subjects; 10 novice subjects and 8 experienced
subjects in each of the four manual conditions. Ex-
perienced subjects ook less time to read the manual than
did novices [42 min vs. 55 min; F(1.64) = 27.0. MSa
= 113. p = .01), and manuals that contained concep-
twal elaborations were read more slowly than those that
did not [51 min vs. 36 min; F{1.64) = 4.0, M5 = |13,
p = .03].

The classification of tasks as easier or more difficult
was validated by the significantly better performance for
€asier tasks than for the more difficult ones. Subjects com-
pleted 80% of the easy tasks, compared to only 64% of
the hard tasks [F(1.64) = 27.0, MSe = .03, p < .0l].
This advantage for the easier tasks was also found for the
other performance measures,

Table 3 presents the mean percentage of tasks success-
fully completed as a function of task difficulty, experience.,
and types of elaboration. As in Experiment |, there were
no significant differences in ability to complete the task
as a function of type of elaboration. This supports the idea
that even gur minimal manuals were adequate for leamn-
ing-to perform the tasks. This null result is not caused
by noisy data or insensitive measures. The measures were
sensitive enough to reveal significant differences in com-
pletion due to difficulty of task (as reported earlier), and
to reveal differences in successful performance as a func-
tion of prior experience [F{1,64) = 24.25, MSe = 08,
p = .01]. There is a suggestion that conceprual elabora-
tions interfered for novices, but this effect was not
reliable.

Although there were main effects of experience on all
measures of performance. experience did not interact with
manipulations of manual content.? Similarly, the variable
of task difficulty produced significant results. but did nort
interact with any of the variables of interest. Therefore,

Table 3
Percentage of Tasks Successfully Completed as a
Function of Experience, Task Dilficulty, and
Type of Elaborations, Experiment 2

Synax Rich Syntax Poor
Concept  Concept Concept Concepr
Rich Poor Rich Poor
Easy Tasks
Movices 4 .13 .61 Tl
Experienced Users 95 |.00 95 91
Hard Tasks
Movices A7 5B 41 4
Experienced Users 39 a7 .90 .72
Mean
Novices 55 63 a4 &l
Experienced Users 91 95 a2 34

Table 4
Performance on Task as 2 Function of Type of Elaboratign.
Availability in the Manual, Experfment 2

3yntas Rich Syntax Poar
Concept  Concept  Concepe Concep

Rich Poor Rich Poar
Mean Time on
Task im Minutes 3 Ly 431.5 5.0
TAll Tasks) '
Mean Number of
Commands lssued T1.7 737 a8.7 7.4
1400 Tasks)
Proportion of
Commands [3sued
Per Mirimum Siwep i3 3.5 +.5 5.1

Required
tCompleted Tasks Only)

we have collapsed over experience and task difficulty in
our description of the remaining results, Table 4 presents
results from Experiment 2 using the same measires as
those presented in Table | for Experiment 1. The data
are presented as a function of whether or not the manual
contained concept elaborations and whether or not it con-
tained syntax elaborations.

The same patiern emerges in all these measures: facili-
tation when syntax elaborations are present, but no effeet
from conceptual elaborations. Subjects who saw the syn-
tax elaborations were marginally faster than those who
did not [F(1,64) = 2.84, MSe = 319, p < .10]. Sub-
jects issued significantly fewer commands when the
manual contained syntactic elaborations [F(1.64) = 5.7.
M5e = 103, p < .05]. As in Experiment |, we com-
puted the mean number of commands for a completed task
as a proportion of the minimum number required. There
is a significant effect of syntactic elaborations [F(1.56) =
6.69, M52 = 4, p < .05], but no effect of conceptual
elaborations.®

GENERAL DISCUSSION

[n both Experiments | and 2, elaborations improved the
quality of skill performance. [n Experiment 1. perfor-
mance was least efficient when the manual did nor con-
tain any elaborations and the subjects did not know in ad-
vance what tasks they would be asked to perform. In
Experiment 2. performance was again least efficient when
the manual contained no elaborations. This was true
regardless of prior computer experience and regardless
of the difficulty of the required tasks.

Two versions of the manuals used in Experiment 2 were
essentially identical 1o those used in Experiment 1. The
version without any elaboration contained few changes
from the original unelaborated version. Similarly, the
manual that contained both syntax and concept elabara-
tions was essentially the same as the elaborated manual
in Experiment |. By creating two new versions. one with
only syntax elaborations and one with only concept elabo-
rations, we were able to determine whether both types
of elaborations contributed equally to the new result that



author-provided elaborations help in a skill-learning sit-
uation, We found that only the svntactic elaborations svs-
tematically improved performance,

We began this paper bv .suggesting thar elaborations
might help in a skill-acquisition siruation. even though they
do not seem to facilitate performance in a declarative
knowledge test. The reason. we argued, was that concep-
tual elaborations might help subjects determine which
procedure to use in a novel situation. We also expected
syntactic claborations and examples 1o help subjects de-
cide how to issue specific commands 1o the computer. The
data support the idea that syntactic elaborations help peo-
ple determine exactly how to implement a procedure. The
useful elaborations were those that explained the syntac-
tic notation and illustrated how syntactically correct com-
mands should look: without these elaborations. subjects
had o rely exclusively on abstract syntactic rules.

Despite the failure to show facilitation from concept
elaborations, it seems that the benefit of elaborations goes
beyond helping subjects use syntax correctly in issuing
commands. The pattern of errors and specific use of com-
mands from the analysis of the on-line protocols in Ex-
periment | suggests that subjects got more out of the text
generally when the documentation was elaborated (see
Table 2.

An important question that remains is why the syntax
examples helped performance to the exclusion of the con-
cept elaborations. Perhaps the syntax examples more
closaly matched what the subject needed 1o do. The con-
cept elaborations were not written with any specific task
in mind. Althcogh the elaborations on command syntax
were also not written with a particular task in mind, many
of the commands described in the manual were tested by
the tasks. Conceivably, if the mapping berween the con-
cept examples and the task requirements were as close
as the map between the syntax examples and the task re-
quirements, performance would also benefit from the con-
ceptual elaborations.

Consistent with this view, Ross (1984) has shown that
performance in a new skill domain is influenced by prior
examples when these examples match on superficial fea-
tures. [t appears that *remindings’” to prior examples de-
pend more on the closeness of superficial features of the
example than on the appropriateness of the example.
Firolli and I. R. Anderson {1985) report a study on learn-
ing LISP that indicates that it is not the example per se
that helps performance, but whether the example 15 used
to illustrate how to do the task rather than to simply clar-
ify what happens when a procedure is used.

The Procedural/Declarative Knowledpge
Distinction Revisited

Given the result that only syntactic elaborations facili-
tated performance, the question naturally arises.as to
whether elaborations have a different status for learning
a skill than for learning facts, or whether syntactic elabo-
rations help performance, regardless of the nature of the
task, whereas other types of elaborations do not. In order
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to answer this question. we conducted a replication of Ex-
periment 2. substituting a declarative knowledge test for
the skill-learning test.

The declarative knowledge test consisted of 24 true-false
staternents, such as * The RMDIR command can be used
to delete any directory. including the root directory™
{False) and **When typing the location information for
the parameters in your commands, do not leave spaces
between the drive and path specifications’ (True). The
questions were written with the imtention that answers
would not require subjects o recognize contexts of ap-
plication of a fact. but rather would depend on the sub-
ject’s ability to retrieve studied facts from memory. To
reduce the possibility that prior knowledge would affect
performance on this test. given that it only required a bi-
nary decision. we pretesited the questions with subjects
who had net read the manuals. We asked 43 people o
answer the true-false questions and discarded any ques-
tion whose accuracy was below 23% or above 75%
correct.

In the experiment, 32 subjects were run in groups of
10-12, and were randomly assigned 1o one of the four
instructional conditions. All subjects were inexperienced
computer users who had taken at most one programming
course. They were allowed to read the manual at their
own paces for up to 1 h. After they finished studying the
manual, they were given the true-false test on a sheet of
paper. They were given unlimited time to complete the
test, but most finished in about 10 min. The entire ex-
periment lasted about 75 min (with subjects averaging
about 50 min to read the document and 25 min to read
instructions and administrative material).

The results of the true-false test are presented in Ta-
ble 5 as a function of the extent of syniactic and concep-
wal elaboration. The differences among conditions are
quite small, and there are no main effects or interactions.
It seems that the documentation does not produce the same
effect when the test taps declarative rather than procedural
knowledge. That is, subjects who studied manuals con-
taining syntactic elaborations did not out-perform subjects
in the other conditions. On the other hand, the results do
not show the same pattern as that found by Reder and I. R.
Anderson (1980, 1982) when they looked at fact learn-
ing as a function of extent of elaboration. That is, sub-
jects who saw the unelaborated manual did not perform
better than subjects who read the longer, elaborated
manuals.

A reasonable conclusion from this pattern of resulls is
that the advantage of elaborations found in Experiments |
and 2 was not due 0 the performance measure per se;
that is, the conjecture made earlier that elaborations help

Table §
Mean Percent Correct un True/False Questions that
Tested Materfals Used, Experiment 2

Concep Rich Concept Poor
Syntax Rich B8 63
Svntax Poor 65 ]
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procedural knowledge, but not declarative knowledge, has
not received much support. A more likely conclusion is
that the benefit or liability of elaborations is a function
of their quality and relevance to the main points that they

support.
In summary, this research shows that the findings of

Reder and 1. B. Anderson (1980, 1982) do not extend
to the domain of skill acquisition; however, the advan-
tage of elaborations seems (o be restricted to providing
the reader with explanations and concrete illustrations of
how the skill is pecformed. At this time, there 15 litde evi-
dence that other types of author-provided elaborations are
beneficial to skill learning. On the other hand, this con-
clusion may be affected by the nature of the commands
being taught and the tasks being tested.'® Appropriate
command use requires that the user know when o use
the command and how to use the command. The latter
requirement was facilitated by syntactic elaborations,
whereas the conceptual elaborations did not help the
former. It may have been that the applicability issues were
trivial in this task and could not benefit from conceptual
elaborations. Alternatively, if the syntax of the commands
had been more familiar, the syntactic elaborations might
not have been as facilitating.
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MNOTES

1. Doaling and Cristiaansen (1977, for example, explored to what
cxient the false alarms were due simply 1o response bias as opposed
10 differential encoding. Although part of the result is dus o respanss
bias. par is ¢learly due to encoding differences.

2, Glover and his colleagues (Phifer, McNickle, Ronning, & Glaover,
1983) found that the summaries produced worse performance than did
the elaborated teats, if subjects were given a small fiaed amount of time
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pee sentence. The senlence-prasentation race for a subject was the aver-
age rate at which he or she read sentences from a novel. Under these
circumstances, the subjacts could not comprehend the summaries, and
their performances sulfered. As described above, Rederand J. R, An-
derson | 19821 also equated reading time per sentence, but used 2 much
slower presentation raig; under these condittons, performance was much
beamer withour elaborations.

3. Essay exams do not fall into the calegory of declarative 1ests as
we define them. Writing an essay clearly calls for a desp understand-
ing of a body of information and for selecting appropriate items from
the relevam facts,

4. We wish o distinguish here berween the rype of skill required
to use an IBM-FC and the type of skill required to follow 2 set of in-
structions for assembling a device or a piece of machinery. The lamer
doss not require recognizing contexts of application,

5. The synwax in DOS is fairly intransigent. While there has been
some anempt recently to develop operating sysiems and programming
languages that tolerate musspellings. substimtion of synonyms, variable
order of arguments. and so forth (e.g.. Bamard. Hammond. Morton.
Long. & Clark. 1981). learning 1o use highly rigid syntactic rules is
still an extremely common requirement.

6. A second independent judge coded a random sample of the peo-
tocols. The agreement between the two judges was quite high (r = 90);
any disagreements were resolved o mutual satisfaction.

7. The word counts in the four versions wers as follows: bath
concep-rich and svatax-rich elaborations, 10,636 words: only concepe-
rich elaborations, B,266 words; only syntaz-rich elaborations, 5,699
words; no elaborations, 3,428 words.

8. Iuis wnlikely that the lack of an interesting resoit due to expertise
is due o our novices” having had some compuier experience. We found
that novices who had no background whatsoever could not even begin
to perform the tasks of the experiment, causing a floor effect among
the conditions. We selected subjecis for the novice conditon whom we
fele were a3 inexperienced as possible,

9. The degress of freedom differ for the compleied tasks measures
because some subjects did not successfully complete any tasks.

10. We would like to thank an anonymous reviewer for making this
paint.

APPENDIX A
The Commands Taught in the User’s Manual

COMMAND
QiR
MKDOIA
CHOIR
RKCIA
TYFE
AENAME

Copy

ERASE

“Humiock

“Breah

FUNCTION

Liar the hiad on & germendey

Crazie {gr “make™}l a subdirsciory
Change cafault draciary assgameant
Elmenans (o “remova™) 3 Subdweciary
Ciaplay the conienis af a hia

Crange the name of a hie

Gremie & guahcate copy af 4 lile
Compune ar apsand liles [ageine
Tranzer Jard DeweEn 3pIEm Jenoes

Ehrminaie a lila

Fraazs ine scraen
ADOrT SR CufrENE SOMMAnG

Change tha default drrvm asssgnmeni
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APPENDIX B
Samples of Four Types of Elaboration from the Manual Used in Experiment 1

Meta-slatement .

ELABORATED

Since 1he compuler has wo Qisk drves
whIch Can &ach coman 3 didketa. you
musl $pddty wnainer (ne ble ydu want
13 N ey & g grive B owhen you

qQreg IRA CAMpuled @ command I your
command doesn | scecify which drve
conlaing 1N hid INe campurer
autcmalcally assumas 1RAL o ¢an ling
trig lila 0 chig “gelaglt™ drive Tha
Al decEan BxpiAng whal Ine Toelaul
drreg” 3. and hoaw to 18l the compucer
o ipax pn 3 aldlaranr grees sl
necessary

Dafinition

ELABORATED

The B {"B-colon”™) in e command
atandy for ing Aghi-Aand disk drrea.
Tha colon signals 1he computer Lhal
I latter Of word ooscemng 003 a
“deace” raifer than A8 name o a
command ar lla.  Oeeces are geces
of compuler hardware, Juch a3 disk
dress. 3 printer ar even he keyboarg
Ah#t you &fnler \fe cammand. the B
prompt wdl gpgear on (ha 3oreen
From now an the compuisr el
autemancaily look for liles gn drve B

Analogy

ELABORATED

When you gue the compuler 4 command
concerming a hie. such as TYPE. ERASE

or COPY ne compuler looks for na
ki@ &0 a “diskerne ™ A diskare. alag
kngwn a3 a “foppy disk,” o semilar
18 4 ¥mad. llesole phonogragn

recoed, gsceod that wnsiead ol $Manng
Saunds. o SaAaing AlGImanan when

I compuier can redd. add bo of Jrera

All the hies you cieate on INE COMpule
are sored on ciskettes.  Soo 0 arder
o wark gn opour higs. you mull inzer
Ina ditkefa tRAL COALAAE [REM nta

Ing comguter  You nzert a3 digkete
wilg anae al 1ne two “disk drved” gn
Ing lrant al the compular cabwel The
arrem on he left 3 called drve A,

and INe ane on LRe ngnl 13 arve B

UNELABORAATED

Since the compuier has iwo diak
droves whICh can @ach coalan 3
diskerre, you musl spacily
whasher the filg ygu want ig in dove
A af dirve B when you Gva [ha
comguiar a command, IF your
command doatn | spacidy which
divva conlans he lile, e
campulaf aulgmancally assumas
that « =an fing ne lle o

the “default™ drre

UNELABQRATED

The B: i Ihe cammana 9ands for
tha ngne hand diak drve. Fram
Aow g, the B> gromgl appears on
tha scraen and ina campuiar well
automatically tpok for files on

dizve B.

UMELABORATED

When you grd the campular 3
command concerming a hle. such as
TYPE. EAASE ar COPY the compuler
lggks fer the file cn a “diskette,”

To use 3 disxatle. you nsen i1 inlg
one af e o Tdisk drves” on the
tront of the compules cabinet,

The divs on [Re s @ called

drve A, and the cne @n fhe ngh

13 dies B,

. The sisborated snd unslaboraled varsions
are lor the most part identical sxcapl lar
e sdditlion of the sssmple (itelicized here)

Umng COPY to Combine Filea

¥ou can uiw COPY to comome filed. dofandng a cagy of ona lile i@ Iha angd gl anotnaer
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APPENDIX B (continued)

FORMAT

The larmar ol che cammand 4

CCPY  |Loc & name first Mg =npct e~ | [Loc & name comoined hig)

|Lee X Aarme hest Mg snoxi Wlg | rolers 1o 2 b3l ¢l he hlos you wam i0 “add™ iogemner
The names ol me Lias are typed min plug =) figna Oarwasn IRam.  You need 19 .:quhl
mcanen rtcimanon for gach llenamae mo the WSt s Ne wiual way. widh drve and oaen
spacicangng Whnen féverdl hlgndimies kia hE4d o 1N mannes ha COPY commang
fE4ufld i A new Nl 0 whech ine coriancs gl the firs file on o ahe e agpear hesl  foligwed
By Ihe conienis of the Second hle. In&n Ine contenis ol whe third e and S0 an. Sa oe
Sude IREE Ina files in the ligl appsar «n 1Na grdar «n which wou waAE [N CdmbBaned,

[Camounen fe| ralers 1o the ngw bla thal wil canlain the combmed lilas, what you wani to
call tis Bie. and whers o e directory Siructure you wani o 1@ Qo Soecfy e scanon
A terms of 3 arve and @ pain o a dreckidy as usudl.  Type the name you wauld ke @
grva the hie at (e and o the pain

For :ampie  sunpdfe poo wole @ feoOT W1 SECRONI. wil? 83EN S8chAn A 4 fesarare Mp
¥au wdnt [ formar ang QA e reped A3 0AE e, 30 you comanwin (e SECHANS Mo e
e The lollowng command lakes three nies. INTAD M55, S00Y M5S. ang COWNCL MSS ang
comoines Mem ong F new Alg caifea FEPORT

Az COAY  BINTRO MSS » 8 BODY M55 - B CONCL MSS  REPOAT  <ENTER>

Tne compined Mg REPQAT will CONRM of N MISSUCHOn e Dody and Ihg conciusan

APPENDIX C
Excerpt of Manual from Experiment 2 Dlustrating RICH SYNTAX Elaborations

CHANGING THE CURRENT DIRECTORY - CHOIA

The CHOIA command allaws ydu 19 Sehignate A direciory as Ihe “current” direciory lar a
dreelt. 50 IRA1 IRe  cormpuler wall  automatically 1ok dhera for  hlem  Of  supareclanes
mentioned o your COMMadl.  You cAn J8SIgNAle A4 Sufienl difeciory Pof SAch disk Jpeva
indeganaently.

FORMAT

CHOR llae and mame of new current gireciany|

Fou can uis ife abbrewation G0 n ihe command ingead al ryping CHOIR.

|Locanan ol few current directory] ralers 1g 1he gEiR e Re  direclony you want ta
dengnale a5 e new culfent direclary. The a3 duweciory name an e 87 30auld D8 1Re
name al the dreciory you wani fo designate

Fod exampie the command Oaigw denignaiss 3 iubdireciery caled PASCAL as the rew
Ciarrgn] Jur#gialy A diwd B

4> CHOWA 8 \PROGRAAMSIPASCAL <ENTER =

The Frst symoo o ihe paIn 8 3 DEck4a3n . They means 1Nan 1Ne QAN [6 1N8 new
GuArANE QWeciary 31aM3 walh Ine fgg direcicry ol the ddkens @ drive 8 The pain ndieaes
Inat the (g0l JosSiory 20Alld & Subdireciary callad PROGRAMS. and mal PRAOGAAMS
cantaans PASCAL |he Qirectary yau want [0 desigrats a3 the “new" Currant direciary, Ay
usual the amgund of localdan infermangn you nesd 9 prowndd depends on whsch oireeiary
wid lase gesigrated 33 Ihe currant asectory for the drive

Ta change tha currant dereciory Qach 10 Ine roor @irefidey gee 3 Sommang bke ipe
Inligwing.

Ax CHDIR B <ENTEA=

The pacssiasn i o (R commangds above SyMOORIE e 1560 dirgctary S the cammana
Above cnanges Ihe curranl deactory lar diwe B 19 the roob Sireciary

W you lgrgel «mch dirgctary o8 SRe cuifent dirgciory LRE compuisr can remind o Enpar
4 CHOIR command sifaul specdying a lgcation  The camputer will Ggiay ine aamn lam
IRe rogt Quectcly 16 Ihe gurrant direciddy 9r 3 bDackslash F gau are S sn (he ool
dir@cady

7T
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APPENDIX D
Excerpt of Minual from Experiment 2 [lustrating
RICH CONCEPT Elaborations

CHANGING THE CUARENT DIRECTORY - CHOWA

The CHOIA command (ahor lor “changa direcian™) allawd you 10 gelwgnata a diractory as
ine Ccurrent® crecicry for '3 dfwea 30 (N2l tRe camputer wil JutamaEcally ook [Rere for
ligs OF SuOQIrecianas manigned 0 your COMmMands. You ©an demsgnate & Sufrant diractory
lor wach ik dives Indapencsnily.  Changing he currgnt direciary an e digkelie = drvetr
A goas ngt allect \N& current directary an orve B

The foal gueciary 8 dulgmabcaily desagaalad as the culfent duagigry for #ach Grive whan
you fust $180 ug (he computer I i3 wselul 14 Ssmgnate 3 JuBAraciory 15 e currant
direeiary ~nen yau el De wgenng primanly an he fles s chat subdirectory.  Than yau
wan 1 have 14 soeciy N8 QAR [0 e SURdUeCIany N RAGN COMMARD you 133U

FORMAT
Tha laeman of Ihe cammand o
CHOIR [la:1patn]
You ©an usp Ine Aobreviabon GO n the command nstead af fpping CHOIA.

If you demgnale -3 jubdiresiony as (e new Cuffant directory. ne campuier will Carry out all
Ing Subsequent commands witfn  nEl dieeciony. wiieal  ydd gecity a patn ta anathar
directosy  To chings N4 cultent directory Back o (he (ool diWediary, uae @ backalah a3
the pain

W you forgel wmCh directory 13 1he currani dwecidry, 1NE SOMButer £an ramnd you. Enter a
CHOIA sgmmand withoul specitying & locapan.  The computer wil display the path lram
{he ot Ssreciary 10 the Current dirctory. or "4, al you are sull sn he roof directony

{Manuscripd 1gceived February 23, 1985
revision accepied for publication July 8, 1983.)





