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

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 multiple retrieval routes

to the essential information by creating more connections

to the learner's prior knowledge. If one set of connec­

tions is forgotten, it may be possible to retrieve the desired

information another way. Furthermore, if the learner for­

gets an important 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 to 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

about baseball) with subjects who had little relevant

knowledge (e.g., Arkes & Freedman, 1984; Chiesi et al. ,

1979). In other experiments, some subjects were provided

with additional information that was relevant to a passage
to be read (e.g., Bower, Black, & Turner, 1979; Brown,

Srniley, 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 to 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. 1

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;

Bartlett, 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 sirnilar benefits. Author-provided elaborations

may, in fact, impair retention ofthe central ideas, as com­

pared to 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 performed

worse than did students who read chapter summaries that

were one fifth as long. The advantage for the summaries

(which appeared in both reaction time and percentage cor­

rect measures) held up at a variety of retention intervals

(ranging from 20 min to 1 year), and it held for various

tests of declarative memory, including forced-choice

verification, 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 summaries

was also found under a variety 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

sentence 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 took

additional time to study elaborations after each main idea.

Performance in the summary condition was superior. 2

Not all research on author-provided elaborations has

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

p1ausibility ofthe sentence. Mandl et 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 une1aborated ones. Rothkopf and Billington

(1983) found that elaborated passages were sometimes su­

perior to unelaborated passages, but only when they were

mixed into the same texts; when one text was uniformly

e1aborated and another was summarized, the summarized

version produced better retention of the central points.

Bradshaw and J. R. Anderson (1982) attempted to devise

especially related e1aborations that wou1d 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 equiva1ent 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 those facts without reading elaborations. Yet,

the finding that author-provided elaborations are often in­

effectua1 and sometimes even detrimental to learning is

a serious and curious charge. The implications for text­

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. In­

deed, educators and laymen alike often assert that it is

much less important to know a set of facts than to know

how to use these facts. A similar distinction between fact

learning and skilliearning has received considerable at­

tention in recent years in the cognitive science literature,

under the label of declarative versus procedura11earning

(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 elaborations to playadifferent 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 after

studying a summary than after studying a fuH, elaborated

text. First, tests that ask subjects to recall or recognize

studied statements require retrieval of specific facts

learned 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 to the extent that the

subject devotes more attention to it. The studying of sum­

maries facilitates performance on tests of factua1

knowledge, because it allows the reader to devote full at­

tention to the essential facts, exactly those that must be

retrieved at test. In other words, studying elaborated texts

impedes learning the main points of the text because read­

ing the elaborations reduces the amount of time subjects

can devote to 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, 1982). An obvious explanation for the result is that

elaborations can also interfere 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.g., J. R. Anderson, 1974;

Reder & J. R. Anderson, 1980).

Another reason that elaborations do not help perfor­

mance in factual tests is that there is little 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
themselves.?

Why Might Author-Provided Elaborations

Facilitate Skill Learning?

Our conjecture is that testsof fact learning placespecific
demandson the retrievalprocesses and that studying sum­
maries focuses subjects' attention in just the right places
to produce the best performance. This analysis suggests
that author-provided elaborations can facilitate perfor­
mance if the tests no longer place such a high premium
on retrieving only the main points. When subjects must
use the information, in the senseof deterrnining appropri­
ate contexts and methodsof application, then we expect
the benefit of the additional information for performing
the tasks to outweigh the liability of havingless studytime
for the main points and additional 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). In the task, a small set

of basic procedures can be applied to a variety of novel
situations. Goodskillperformance on a noveltaskrequires
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 to reexecute a command that was already issued,
without retyping it. (2) Remembering and comparing
procedures to select the most appropriate 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 to 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 functionkeys performs that function and
exactly how to apply it (e.g., whether the carriage return
key must be pressed afterward, or the escape key).

Elaborations in the textmaytouchon anyof thesetopics:
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 mayprovidea subjeet withdeeper
understanding of the function of eachindividual procedure
and thus facilitate construction of an effective combina­
tion of procedures. Elaborations aboutwhatconditions af­
feet the usefulness of a procedure can help subjects plan

out moreefficient sequences of actions. Finally, supplement­
ing a general syntactic rule for a computer command with
specific examples can help subjeets 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) foundthat subjectschose
between equivalent computer text-editing procedures on

the basis of the superficial similarity between the nomi­
nal situation at test and the situation evoked in instruc­
tional examples. Pepper (1981) also found that students
attendedcloselyto examples. Those who read a carefully
written computer programming chapter that included
numerous examples not only rated it more highly than
comparable chapterswithout examples, but also answered
more programmingproblemscorrectly than did students
who read the other chapters.

In Experiment 1, we crossed the availability of two
sources of elaboration on skill performance: whether
elaborations were present in the instructional manualand
whether readers received information about the tasks be­
fore they read the manual. Providingprior knowledgeof
the test material has been exploredextensively in tests of
declarative memory (seeR. C. Anderson & Biddle, 1975;
Reder, 1982, in press; and Rickards, 1979, for reviews).
Readers performbetteron testsof factual knowledge when
they are giventhequestions prior to studying the material;
however, if they are givenprior 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
manceby focusing the reader's attention and stimulating
the generation of task-specific elaborations.

In the fact-learning literature, there is evidence that a
subject's own elaborationsare better retained than those
provided by the experimenter (e.g., Bobrow & Bower,
1969;Rohwer& Ammon, 1971;Rohwer, Lynch, Levin,
& Suzuki, 1967; Rohwer, Lynch, Suzuki, & Levin,
1967). Nonetheless, we suspectthat in a skill-learning do­
main, reader-generatedelaborations will be less reliable
than those the authorcan provide. Thus, althoughwe ex­
pect reader-generated elaborations to improve subjects'
performance, relativeto havingno sourceof elaborations
available at all, it is unclear how they will compare to
author-providedelaborationsand how they will interact.

EXPERIMENT 1

In Experiment 1, subjects were asked to read one of
two versions of a user's manual for the IBM Personal
Computer (IBM-PC). We then measuredtheir facility at
using the computer without the manual to perform a

specific set of tasks.

Method
Design. The experiment used a 2 x2 between-subjects factorial

design, where the first variable determined whether the document

contained elaborations or not, 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 control for this variable in assignment to
conditions, except to ensure that no subject had ever worked on

a microcomputer. Instead, we used prior experience as a covariate

in our data analyses.
This experiment actually contained two experiments, the second

a virtual replication of the first. Any differences in materials or



procedures will be noted, as will the rationale for any rnodifica­

tions in the replication.

Materials. Two versions of a users manual were developed for

teaching novices to use the disk operating system (DOS) on an IBM­

PC. Both vers ions were constructed by modifying portions of the

officiallBM (Microsoft, Inc., 1983) documentation. The same basic

information was presented in both versions, which differed only

in the degree of elaboration of concepts and procedures for using

the described commands. The manuals were divided into two sec­

tions. The first section discussed concepts underlying the IBM-PC

and its operating system, such as disk drives, directories and sub­

directories, and use of 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 or a directory) to be specified in terms of a disk drive

and a path through a hierarchy of directories and subdirectories.

The second section ofthe documentation introduced Il DOS corn­

mands (a complete list is provided in Appendix A). The manual

described what each command does, what parameters must be speci­

fied when it is issued, any optional pararneters, and any other 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 ofthe elaborated manual, such as examples, anal­

ogies, metastatements, and definitions. Appendix B shows sampIes

from the elaborated and unelaborated manuals for each of these types

of elaboration. None of the elaborations contained any new infor­

mation necessary to completing the criterion tasks. The elaborated

version contained more than twice as many words as the unelabo­

rated version. (In the first run of the experiment, the elaborated

version contained 11,216 words and the unelaborated version con­

tained 5,011; in the replication experiment, the manuals were

trimmed to 10,605 and 3,542 words, respectively.)

Apparatus. Two IBM-PCs, each with two disk drives, were con­

nected by a cable between their serial ports. Software was developed

to record the subject's interactions with the computer. While the

subject issued commands at one IBM-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 IBM-PC, which was

screened from the subject's view by a room divider.

Subjects. Eighty-eight members ofthe Carnegie-Mellon Univer­

sity (C-MU) community (students, faculty, and staff members) par­

ticipated in the experiment, 45 in the first replication, and 43 in

the second. Allsubjects were occasional to frequent users of C-MU's

DEC-20 computer system, running the TOPS operating system (a
system which does not support subdirectories). No subject had previ­
ously worked on a microcomputer. Three subjects were nonnative

speakers of English, but fluent enough to completely understand

the documentaion. Subjects received either money or class partici­
pation credit or a combination of the two. (In the replication, only

subjects who had taken no more than one cornputer programming

course were allowed to participate. Initially we paid $4/h for par­

ticipation but lowered our rate to $3/h for the replication.)

Procedure. Experimental sessions consisted of a reading period

followed by a task performance period. At the outset of the read­

ing period, halfthe subjects (the before group) were given printed

instructions describing the criterion tasks, which they read before

reading aversion ofthe 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 elaborated manual and half read the unelaborated version. All

subjects were told to review the important points as often as time

permitted, because the manual would not be available while they

performed the tasks. Subjects studied the manual while seated in

front ofthe IBM-Pe, They were told to examine the keys refcrrcd

to in the documentation, but not to issue any commands, touch thc
machine, or take notes. When the reading period was "ver. thc ex-
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perimenter returned to remove the manual and begin the task per­

formance phase.
Below are the task instructions used in the replication:

These tasks will allow you to practice using the concepts you
learned from the manual. You may work on these tasks in any

order. Continue working until you are satisfied that you have com­

pletedthe tasks to the best ofyour abilities. We want you, however,

to work as cfficiently as possible.

Task I. Before you, in drive A, is a diskette containing a num­

ber of files. Some of these files have the word "PART" in their

narnes, such as file ·'PART.I." We want you to change the names

of these files. The new name that you should give each file ap­

pears as the first line of that file. So, inspect the contents of each

file that now has "PART" in its name and give the file the name

that you find in the first line of the file.

Task 2. Four ofthe files on the diskette have the word "DATA"
in their names, and the abbreviation of a month in their exten­

sion, such as DATA.MAR. We want you to create a fifth data
file named ALLDATA.83 that contains the contents of the other

four data files appended together. Within ALLDATA.83, the files

should appear in "chronological" order; that is, the contents of

DATA.MAR should precede the contents of DATA.JUN because
March is earlier in the year than June.

Task 3. Next, you should create two subdirectories on the dis­

kette in drive B. One subdirectory 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

c1uding ALLDATA.83 from Task 2. if you have already created

it}, into the DATA directory. You do not want any Program or

Data files to remain on the diskette in drive A.

Task 4. Finally, you should eliminate the SOURCE directory
and everything ir contains from the root directory of the diskette
in drive A. The root directory on drive A should now contain only

a list of files.

Your task is complete.

Even though the computer recorded all interactions between the

subject and computer, the experimenter was present to determine

whether the subject had arrived at an impasse (i.e., could not com­

plete part or all of a task). The subject either gave up or was stopped

after approximately 10 min of fruitless effort. At this point, the ex­

perimenter replaced the diskette that the subject was working on

with a prepared diskette, on which the procedures for that part of
the task had already been completed. In this way, the subject could
proceed to the next part of the task as if he or she had actually com­

pleted the problematic part. Subjects were not allowed to ask ques­

tions, unless the question was of a superficial nature, such as,
"Which key is the carriage return?" (This was not immediately

obvious on the IBM-PC keyboard.) The entire experiment took ap­

proximately 1.5 h.

A few differences in procedure between the two replications are

worth noting: (I) The first 40 subjects were given a fixed 45 min

to study the manual; the second group of subjects were given up

to 60 min but were permitted to stop sooner ifthey wanted to (study

times were collected). In both cases, subjects were told when half

the maximum study time had elapsed. (We permitted additional read­

ing time in the replication because we feit that subjects in some

conditions did not have enough time to study the manual when given

only 45 min.) (2) In the replication, subjects in the before group

were allowed to keep the task instructions while reading the manual.

Initially, the before group returned the instructions after reading

thcm once, and saw them for the second time when the task perfor­

mance phase started (i.e., when subjects in the after group first

received them). Allowing the subjects to keep the instructions was
intended In eli minate the additional memory load of the task in-
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structions while the subjects read the manual and to minimize the
possibilityof misremembering the tasks while studying the manual.

(3) The task requirements in the replication differed in three ways
from those used for the first version of the experiment. First, Task 2
was added in the replicationto provide broader coverageof the com­

mands in the manual. Second, Tasks 1 and 3 were made less repeti­
tive (e.g., subjects renamed 6 files in the replication as opposed
to 15files). Finally, Task 4 was modified to force subjects to draw
more on what they learned about subdirectories. Subjectswere now

forced to specify paths to deeply embedded subdirectories in their
commands or change the default directory in order to successfully
complete the task.

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 shortly after

beginning the criterion task, and 1 because his protocol

revealed that he had worked on the tasks for several

minutes during the study period.

In the replication, subjects were allowed to study the

manual for up to 1 h (rather than for a fixed 45 min). The

mean reading time was 49 min for the elaborated-before

condition, 48 min for elaborated-after, 45 min for

unelaborated-before, and 40 min for the unelaborated­

after condition. The differences in reading times as a func­

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-after condition did so.

In the analyses reported below, we always included the

factor of replication. There were neither significant ef­

fects due to replication for any ofthe 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 on. The

program counted commands (e.g., how often a subject

issued the TYPE command while working on Task I) and

calculated time intervals, both within and across task par­

titions. The partitioning of the protocols was carried out

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 mutual

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 representative measures:

percentage of tasks completed, time spent on task, num­

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 I 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 matter whether

it is author-provided or subject-generated. Another way

to state this is that the unelaborated 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 oftasks 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 attempted. There are no sig­

nificant effects of either experimental variable on the abil­

ity to finish the assigned tasks, although performance in

the condition with no source of elaborations appears to
be slightly worse. (In the first run ofthe experiment, per-

Table 1
Performance on Task as a Function of When Task Instructions

Were Given and Type of Manual Studied, Experiment 1

Before

Elaborated Unelaborated Elaborated
Manual Manual Manual

After

Unelaborated
Manual

Proportion of
Tasks Correctly
Completed

Mean Time on
Task in Minutes
(All Tasks)

Mean Number of
Commands Issued
(All Tasks)

Proportion of
Commands Issued
Per Minimum Step
Required
(Completed Tasks Only)

.80

33.5

95.8

2.88

.80

36.1

94.2

2.34

.85

29.4

76.8

2.29

.76

40.2

101.8

3.23



formance ranged from 75% to 93 %. The elaborated

manual in the after-instructions condition produced sig­

nificantlybetter performance than did the other three con­

ditions; however, when study time was allowed to devi­

ate up or down from the enforced 45 min, performance

of subjectsin all conditionsaveragedabout 80%.) We take

this relatively high level of performance as evidence that

even our minimal (unelaborated) manual adequately ex­

plained the concepts and procedures so 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 number of commands issued.

Rows 2 and 3 of Table I present these data. Subjectswere

significantly faster to perform the tasks if they had read

the elaborated manual [31 min vs. 38 min; F(I ,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 [t(72) = 3.5, SE

= 5.9, p < .01].

The time and steps measures just reported include data

from tasks which subjects failed to successfully complete

(i.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(l,72) = 6.82, MSe = 1.6,

P < .05]. Performance in the elaborated-after condition
was superior to the other three conditions [t(72) = 2.2,

SE = .24, p < .05]. The unelaborated manual produced

somewhat better performance than did the elaborated
manualwhen subjectshad prior knowledgeof 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

acquisitionand 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
dornain, studying elaborations would help a learner de-
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cide which procedure to apply to solve a given problem

and how to apply general rules in specific situations.

It would be useful at this point to summarize our find­

ings: Subjects in all conditions managed to complete

roughly the same proportion of the tasks; however, sub­

jects who studied the elaborated manual worked more ef­

ficiently than subjects who studied the unelaborated

manual, in terms 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 elaborations was available. This

result is in sharp contrast to the results of Reder and J.

R. Anderson (1980, 1982), for example, whose subjects

always performed at least as weil with the unelaborated

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 skilI.

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

pie 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 ofthe manual, subjects who knew

about the tasks in advance performed just as weil with

the shorter, unelaborated version of the manual; this sug­

gests that one source of elaborations is sufficient (i.e.,
performance is not better with multiple sources of elabo­
rations).

It is interesting to speculate about why performance in
the elaborated-afterconditionwas often significantly better

than performance in the other 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. It 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; 60% of the subjects in the

elaborated-before condition studied the manual for over

50 min, whereas only 30% ofthose in the elaborated-after
condition did so. However, having more time to study



Table 2
Mean Steps per Subject for Five Kinds of Actions as a

Function of Version of Manual, Experiment 1

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 a

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 one or more syntactic errors; (4) goal­

specification errors-wrong command issued or failure

to perform aprerequisite 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 that fall

into each of these five categories for each subject as a

function of type of manual studied. If the elaborations 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

moves, 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 difference was significant [t(18) = 2.6, MSe = 4.1,

p < .05]. 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 [t(18) = 2.3, MSe = 4.1, p < .05]. Thus, subjects

who studied the elaborated manual not only generated cor­

rect syntax more often, they were also better at knowing

what commands to generate and at fixing commands that

were wrong.

The results of the protocol analysis suggest that the

benefits of elaborations may be due to the syntactic elabo­

rations, those that specify how to perform a procedure.

In Experiment 2, we separated the syntactic elaborations

from the general conceptual elaborations, varying the

presence 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

Elaborated Unelaborated

Manual Manual
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the manual in the replication did not improve the relative

performance 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 unelaborated-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

to 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-Iearning situation be­

cause, unlike simple declarative learning situations, good

performance requires judging the appropriateness of the

stored information to the task context and generalizing

contexts of application (for a rule) to novel situations."

Given that we have found that author-provided elabora­

tions do help in a skill-Iearning situation, it becomes in­

teresting to determine whether the advantage of elabora­

tions is related to identifying contexts of application, as

hypothesized, or due to some other aspect of a skill­

learning situation that is not shared by the standard

declarative tests.

We have implied that the skill-Iearning tests tap under­

standing in a way that the declarative tests of prior

research do not. On the other hand, the difference between

the two 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 symbols. 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 ofthe 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 comrnands. On the other hand, the manual also
contained many examples of syntactically correct com­

mands and detailed explanations ofthe notations. Ifthese

elaborations helped subjects formulate correct commands,
then the greater overall efficiency would be due not to

Productive Moves

Verification Moves

Execution Errors

Goal-Specification Errors

Recovery Moves

27.7

11.0

9.5
7.3

11.3

33.7

12.3

20.2

13.5

20.8



a need to determine the appropriateness of the stored in­

formation to the task constraints. On the other hand, if

elaborations help in a skill situation because of the

difficulty in learning how to generate syntactically cor­

rect commands, then only the syntactic elaborations or

examples will facilitate performance.

EXPERIMENT 2

In Experiment I, we used manuals that either elaborated
both concepts and syntax or elaborated neither. Für Ex­
periment 2, we created two additional versions of the
manuals, so that we could orthogonally 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

perience. Specifically, would computer-experienced users

benefit from the same types of elaborations as would com­

puter novices when learning to 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

to 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 conception of what a computer operating sys­

tem 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 seeing con­
crete examples of the command syntax. Although ex­
perienced users may be better able to parse the standard

abstract syntax specifications found in most computer
manuals, they, too, should prefer more informative

specifications and instances from which to generalize the
ruJe.

Method
Design. For this experiment, we used a 2 x 2 x 2 between-subjects

factorial design: computer experience (experienced vs. novice com­

puter users), conceptual elaborations (present or absent from the

manual), and elaborations of command syntax (present or absent

from the manual). Subjects were screened for prior computer ex­

perience and, if appropriate, were assigned to one of the experience

groups. Within each experience group, subjects were randomly as­

signed to one of the four manual conditions.

Subjects. Seventy-two subjects were paid $6 each for par­

ticipating. The 40 novices were students or staff members from

C-MU, University ofPittsburgh, or Allegheny Community College

who had taken at most one programming course and claimed some

familiarity with an interactive computer operating system, but not

one running UNIX, VMS, or DOS. The 32 experienced subjects

were graduate students, faculty, or staff from C-MU or University

of Pittsburgh who knew at least two programming languages and

were familiar with either the UNIX or VMS operating systems,

both of which support subdirectories. The experienced subjects also

had experience using microcomputers, but not the IBM-PC.
Materials. The elaborations in the manuals varied along two

dimensions. A manual was concept rich if it contained elaborations
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on the purpose of the commands and when it was a good idea to

use them. Concept-rich manuals also contained elaborations on basic

topics such as disk drives, subdirectories, and paths. All of these

elaborations were omitted from the concept-poor versions. A manual

was syntax rich if it contained elaborations on how to issue a com­

rnand. such as examples of correct comrnands and descriptively rich

format statements. These elaborations were omitted from the syntax­

poor versions . These variables were combined factorially to create

four vers ions of the manuals. 7 The syntax-rich elaborations are il­

lustrated in Appendix C and the concept-rich elaborations in Ap­

pendix D.

Procedure. The procedure for this study was very similar to that

of Experiment I, except that no subjects were given advance in­

formation about the tasks before reading the manual. Subjects read

their assigned manuals at their own paces (for a maximum of 1 h).

Subjects were told that they should review the important points of

the manual as often as time permitted, because the manual would

not be available while they performed the task. After the reading

period was over, the manuals were removed and subjects were asked

to perform 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 performance on tasks that experienced subjects

find challenging, halfthe tasks were designed to be relatively easy

and half the tasks were designed to be relatively difficult. The in­

structions for the six tasks were as folIows:

Task J. Before you, in drive A, is a diskette containing a num­
ber of files. Some of these files have the word "PART" in their

names, such as file "PART.!." 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 that file. So, to 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. Next, you should create two directories on this diskette.

One directory is to be named PROORAMS and the other named

DATA. Move all the files that have the word "Program" in their

names into the PROORAMS directory. And, similarly, move the

"Data" files into the DATA directory. You do not want any Pro­

gram or Data files to remain in the root directory of the diskette
in drive A.

Task 3. The diskette 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 with .PRO exten­

sions. Each .DCR file matches one of the .PRO files in its stern
name. That is, the SORT.DCR file corresponds to the SORT.PRO
file, and so on. We would like you to create three new files by

appending each .PRO file to the end ofthe corresponding .OCR
file. The new files should all have the extension .CEE. So, for
example, you will create a file called SORT.CEE which would
contain the contents of SORT.DCR followed by the contents of

SORT.PRO. You should only need to issue one command to ac­
complish this task.

Task 5. The root directory on the diskette in drive A contains

a directory called EXP83. EXP83 contains another directory called

SUBJ.FLS. We want you to create a file called EXP83.LST in

the EXP83directory. The contentsofthis file, EXP83.LST, should

be a list of the names of the files in the SUBJ.FLS directory.

Task 6. We want you to eiiminate the dircctory named SOURCE

and everything it contains from the root directory of the diskette

in drive A.

Tasks L 2, and 3 were considered relatively easy. Task 4 re­

quired subjects to compose a complex command with wild cards.

Task 5 required using a variant of the COPY command to create
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a pipe from the keyboard to a file. Task 6 required sophisticated
path specifications in commands to operate on deeply embedded
files and subdirectories.

Table 4

Performance on Task as a Function of Type of Elaboration­
Availability in the Manual, Experiment 2

GENERAL DISCUSSION

In both Experiments 1 and 2, elaborations improved the

quality of skill performance. In Experiment 1, perfor­

mance was least efficient when the manual did not 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 to 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 elabora­

tions was essentially the same as the elaborated manual

in Experiment 1. 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

we have collapsed over experience and task difficulty in

our description ofthe remaining results. Table 4 presents

results from Experiment 2 using the same measures as

those presented in Table 1 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 pattern emerges in all these measures: facili­

tation when syntax elaborations are present, but no effect

from conceptual elaborations. Subjects who saw the syn­

tax elaborations were marginally faster than those who

did not [F(l,64) = 2.84, MSe = 319, P < .10]. Sub­

jects issued significantly fewer commands when the

manual contained syntactic elaborations [F(l,64) = 5.7,

MSe = 1005, P < .05]. As in Experiment 1, 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(l,56) =

6.69, MSe = 4, P < .05], but no effect of conceptual
elaborations .9

Syntax Rich Syntax Poar

Concept Concept Concept Concept

Rich Poor Rich Poor

5.3

45.9

92.4

4.5

43.5

88.7

3.5

37.7

73.7

3.5

37.4

71.7

Mean Time on

Task in Minutes

(All Tasks)

Mean Number of

Commands Issued

(All Tasks)

Proportion of

Commands Issued

Per Minimum Step

Required

(Completed Tasks Only)

Easy Tasks

.61 .71Novices .64 .73

Experienced Users .95 1.00 .95 .91

Hard Tasks

Novices .47 .58 .41 .41

Experienced Users .89 .87 .90 .72

Mean

Novices .55 .65 .54 .61

Experienced Users .91 .95 .92 .84

Results

The scoring procedure was the same as that used for

Experiment 1. The results described below reflect the

scores of72 subjects; 10 novice subjects and 8 experienced

subjects in each of the four manual conditions. Ex­

perienced subjects took less time to read the manual than

did novices [42 min vs. 55 min; F(l,64) = 27.0, MSe

= 113, P < .01], and manuals that contained concep­

tual elaborations were read more slowly than those that

did not [51 min vs. 46 min; F(l,64) = 4.0, MSe = 113,

P < .05].

The classification of tasks as easier or more difficult

was validated by the significantly better performance for

easier tasks than for the more difficult ones. Subjects com­

pleted 80% ofthe easy tasks, compared to only 64% of

the hard tasks [F(l,64) = 27.0, MSe = .03, P < .01].

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 1, there were

no significant differences in ability to complete the task

as a function of type of elaboration. This supports the idea

that even our minimal manuals were adequate for learn­

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(l,64) = 24.25, MSe = .08,
p < .01]. There is a suggestion that conceptual 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. 8 Similarly, the variable

oftask difficulty produced significant results, but did not

interact with any of the variables of interest. Therefore,

Syntax Rich Syntax Poor

Concept Concept Concept Concept

Rich Poor Rich Poor

Table 3
Percentage of Tasks Successfully Completed as a

Function of Experience, Task Difficulty, and
Type of Elaborations, Experiment 2
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author-provided elaborations help in a skill-learning sit­

uation. We found that only the syntactic elaborations sys­

tematically improved performance.

We began this paper by suggesting that elaborations

might help in a skill-acquisition situation, 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 elaborations and examples to help subjects de­

cide how to issue specific commands to the computer. The

data support the idea that syntactic elaborations help peo­

pie 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 to 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 1 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 ofthe con­

cept elaborations. Perhaps the syntax examples more

closely matched what the subject needed to do. The con­

cept elaborations were not written with any specific task

in mind. Although 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 between 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. It appears that "rernindings" to prior examples de­

pend more on the closeness of superficial features of the

example than on the appropriateness of the example.

Pirolli and J. 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 is used

to illustrate how to do the task rather than to simply clar­

ify what happens when a procedure is used.

The Procedural/Declarative Knowledge
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 leaming 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-leaming test.

The declarative knowledge test consisted of24 true-false

statements, 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 intention that answers

would not require subjects to 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 pretested the questions with subjects

who had not read the manuals. We asked 43 people to

answer the true-false questions and discarded any ques­

tion whose accuracy was below 25 % or above 75 %
correct.

In the experiment, 32 subjects were run in groups of

10-12, and were randomly assigned to one of the four

instructional conditions. All subjects were inexperienced

computer users who had taken at most Olle 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 syntactic and concep­

tual 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 J. 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 results is

that the advantage of elaborations found in Experiments 1

and 2 was not due to the performance measure per se;

that is, the conjecture made earlier that elaborations help

Table 5
Mean Percent Correct on True/False Questions that

Tested Materials Used, Experiment 2

Cancert Rich Cancert Paar

.68 .63

.65 .61
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procedural know1edge, but not dec1arative know1edge, has

not received much support. A more like1y conclusion is

that the benefit or 1iabi1ity 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 J. R. Anderson (1980, 1982) do not extend

to the domain of skill acquisition; however, the advan­

tage of elaborations seems to be restricted to providing

the reader with exp1anations and concrete illustrations of

how the skill is performed. At this time, there is 1ittleevi­

dence that other types of author-provided elaborations are

beneficia1 to skilllearning. On the other hand, this con­

clusion may be affected by the nature of the commands

being taught and the tasks being tested.l" Appropriate

command use requires that the user know when to use

the command and how to use the command. The 1atter

requirement was faci1itated by syntactic elaborations,

whereas the conceptua1 elaborations did not he1p the

former. It may have been that the app1icability issues were

trivial in this task and could not benefit from conceptua1

elaborations. Altematively, ifthe syntax ofthe commands

had been more familiar, the syntactic elaborations might

not have been as facilitating.

REFERENCES

ALLWOOD, C. M., WIKSTROM, T., & REDER, L. M. (1982). Effects

of presentation fonnat on reading retention: Superiorityof summaries

in free recall. Poetics, 11, 145-153.
ANDERSON, J. R. (1974). Retrieval ofpropositional infonnation from

long-term memory. Cognitive Psychology, 5, 451-474.

ANDERSON, J. R. (1980). Cognuive psychology and its implications.

San Francisco: Freeman.

ANDERSON, J. R., & REDER, L. M. (1979). An elaborative processing
explanationofdepth of processing. In L. S. Cennak & F. I. M. Craik
(Eds.), Levelsofprocessingin humanmemory.Hillsdale,NJ: Erlbaum.

ANDERSON, R. C., & BIDDLE, W. 8. (1975). On asking people ques­

tions about what they are reading. In G. H. Bower (Ed.), The psy­
chology of learning and motivation (Vol, 9). New York: Academic

Press.
ANDERSON, R. C., & PICHERT, J. W. (1977, April). Recall ofprevi­

ously unrecallableinformation following a shift in perspective (Tech.
Rep. No. 41). Urbana: University of Illinois, Center for the Study

ofReading. (ERIC DocumentReproduction Service No. ED 142974)
ARKES, H. R., & FREEDMAN, M. R. (1984). A demonstration of the

costs and benefitsof expertisein recognition memory. Memory& Cog­

nition, 12, 84-89.
BARNARD, P. J., HAMMOND, N. V., MORTON, J., LoNG, J. 8., & CLARK,

I. A. (1981). Consistency and compatibility in human/computer dia­

logue. International Journal of Man-Machine Studies, 15, 87-134.
BARTLETT, F. C. (1932). Remembering: A study in experimental and

socialpsychology.Cambridge, England:CambridgeUniversityPress.
BOBROW, S., & BOWER, G. H. (1969). Comprehension and recall of

sentences. Journal of Experimental Psychology, 80, 455-461.
BOWER, G. H. (1976, August). Comprehendingand recalling stories.

Section 3, Presidential Addresspresentedat the meetings of the Ameri­
can Psychological Association, Washington, oe.

BoWER, G. H., BLACK, J. 8., & TURNER, T. 1. (1979).Scriptsin memory

for text. Cognitive Psychology, 11, 177-220.
BRADSHAW, G., & ANDERSON, J. R. (1982). Elaborative encoding as

an explanation of levels of processing. Journal 0/ Verbal Leaming

& Verbal Behavior, 21, 165-174.
BRANSFORD, J. D. (1979). Human cognition:Leaming, understanding

and remembering. Belmont, CA: Wadsworth.

BROWN, A. L., SMILEY, S. S., DAY, J. D., TOWNSEND, M. A. R.,

& LAWTON, S. C. (1977). Intrusion of a thematic idea in children's

comprehension and retention of stories. Child Development, 48,

1454-1466.

BUGELSKI, B. R. (1962). Presentation time, total time, and mediation

in paired associatelearning. Journal0/Experimental Psychology, 63,
409-412.

CHIESI, H. L., SPILICH, G. J., & VOSS, J. F. (1979). Acquisition of

domain-related infonnation in relation to high and low domain

knowledge. Journal 0/ Verbal Learning & Verbal Behavior, 18,
257-273.

COOPER, E. H., & PANTLE, A. J. (1967). The total-time hypothesis in
verballeaming. Psychological Bulletin, 68, 221-234.

CRAIK, F. I. M., & TULVING, E. (1975). Depth of processing and the

retentionof words in episodic memory. Journalof Experimental Psy­
chology: General, 104, 268-294.

DOOLlNG, D. J., & CRlSTlAANSEN, R. E. (1977). Episodic and seman­

tic aspects of memory for prose. Journal of ExperimentalPsychol­
ogy: Human Learning & Memory, 3, 428-436.

MICROSOFT, INc. (1983). IBMPersonal Computer Language Series, Disk

Operating System, Version2.00. Boca Raton, FL: IBM.

MANDL, H., & BALLSTAEDT, S. (1981, September). Effects ofelabora­

tion on recall of texts. Paper presented at the International Sympo­

sium on Text Processing, Fribourg, Switzerland.

MANDL, H., SCHNOTZ, W., & TERGAN, S. (1984, April). On thefunc­

tion ofexamples in instructionaltexts. Paper presented at the AERA

meeting, New Orleans.

OWENS, J. E., & BOWER, G. H. (1977, August). Character point of

viewin textcomprehension and memory. Paperpresentedat the meeting

of the American Psychological Association, San Francisco.
PEPPER, J. (1981). Following students' suggestions for rewriting com­

puter programming textbooks, American Education Research Jour­
nal, 18, 259-269.

PHIFER, S., McNICKLE, B., RONNING, R., & GLOVER, J. (1983). The

role of details in the recall of mojor ideas in text. Unpublished

manuscript.

PIROLLi, P. L., & ANDERSON, J. R. (1985). The role ofleaming from

examples in the acquisition of recursive programming skills. Cana­

dian Journal 0/Psychology, 39, 240-272.

POSNER, M. I. (1973). Abstraction and the process of recognition. In

G. H. Bower (Ed.), Thepsychology of leaming and motivation, lll.

New York: Academic Press.
POSTMAN, L. (1971).Organizing and interference. Psychological Review,

78, 290-302.
POSTMAN, L., & STARK, K. (1969).Roleof responseavailability in trans­

fer and interference. Journalof Experimental Psychology, 79, 168-177.
REDER, L. M. (1976). The role ofelaborationsin the processing ofprose.

Dissertation Abstracts International, 37, 5405B. (University

Microfilms No. 77-8016)
REDER, L. M. (1979). The role of elaborations in memory for prose.

Cognitive Psychology, 11, 221-234.
REDER, L. M. (1982). Elaborations: When do they help and when do

they hurt? Text, 2, 211-224.

REDER, L. M. (1985).Techniques available to author, teacherand reader

to improve retention ofmain ideas of a chapter. In J. Segal, S. Chip­
man, & R. Glazer (Eds.), Thinking and learning skills: Current

research and open questions (Vol. 2). Hillsdale, NJ: Erlbaum.

REDER, L. M., & ANDERSON, J. R. (1980). A comparison of texts and

their summaries: Memorial consequences. Journal ofVerbal Learn­

ing & Verbal Behavior, 19, 121-134.
REDER, L. M., & ANDERSON, J. R. (1982). Effects of spacing and em­

bellishmenton memory for the main pointsof a text. Memory& Cog­

nition, 10, 97-102.
REDER, L. M., CHARNEY, D., & MORGAN, K. (1984, August). Therole

0/ elaborations in leaming a skill from an instructional text (Tech,

Rep. No. I). Pittsburgh: Carnegie-Mellon University.
RICKARDS, J. P. (1979). Adjunctpostquestionsin text: A critical review

of methods and processes. Review of Educational Research, 49,

181-186.

ROHWER, W. D., JR., & AMMON, M. S. (1971). Elaboration training

and paired-associate leaming efficiency in children. Journal of Ex­
perimental Psychology, 62, 376-383.



ROHWER, W. D., JR., LYNCH, S., LEVIN, J., & SUZUKI, N. (\967).

Pictorial and verbal factors in the efficient learning of paired-associates.

Journal 0/Experimental Psychology, 58, 278-284.

ROHWER, W. D., JR., LYNCH, S., SUZUKI, N., & LEVIN, J. (1967).

Verbal and pictorial facilitation ofpaired-associate learning. Journal

0/ Experimental Child Psychology, 5, 294-302.

Ross, B. (\984). Remindings and their effects in learning a cognitive

skilI. Cognitive Psychology, 16, 371-416.

ROTHKOPF, E. Z., & BILLINGTON, M. J. (\983). Passage length and

recall with test size held constant: Effects of modality, pacing, and

learning set. Journal 0/ Verbal Learning & Verbal Behavior, 22,

667-681.

SCHALLERT, D. L. (1976). Improving memory for prose: The relation­

ship between depth ofprocessing and context. Journal of VerbalLeam­

ing & Verbal Behavior, 15, 621-632.

SHIFFRIN, R. M., & SCHNEIDER, W. (1977). Controlled and automatic

human information processing: 1. Detection, search, and attention.

Psychological Review, 84, 1-66.

STEIN, B. S., & BRANSFORD, 1. D. (1979). Constraints on effective elabo­

rations: Effect of precision and subject generation. Journal 0/Verbal

Learning & Verbal Behavior, 18, 769-778.

SULIN, R. A., & DOOLING, D. J. (1974). Intrusion of a thematic idea

in retention of prose. Journal 0/ Experimental Psychology, 103,

255-262.

WEINSTEIN, C. E. (1978). Elaboration skills as a learning strategy. In

H. F. O'Neil, Jr. (Ed.), Learning strategies. New York: Academic

Press.

NOTES

1. Dooling and Cristiaansen (1977), for example, explored to what

extent the false alarms were due simply to response bias as opposed

to differential encoding. Although part of the result is due to response

bias, part is clearly due to encoding differences.

2. Glover and his colleagues (Phifer, McNiclde, Ronning, & Glover,

1983) found that the summaries produced worse performance than did

the elaborated texts, if subjects were given a small fixed amount of time
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per sentence. The sentence-presentation rate for a subject was the aver­

age rate at which heor she read sentences from a novel. Under these

circumstances, the subjects could not comprehend the summaries, and

their performances suffered. As described above, Reder and J. R. An­

derson (1982) also equated reading time per sentence, but used a much

slower presentation rate; under theseconditions, performance was much

better without elaborations.

3. Essay exams do not fall into the category of declarative tests as

we define them. Writing an essay clearly calls for a deep understand­

ing of a body of information and for selecting appropriate items from

the relevant facts.

4. We wish to distinguish here between the type of skill required

to use an IBM-PC and the type of skill required to follow a set of in­

structions for assembling a device or a piece of machinery. The latter

does not require recognizing contexts of application.

5. The syntax in DOS is fairly intransigent. While there has been

some attempt recently to develop operating systems and programrning

ianguages that tolerate misspellings, substitution of synonyms, variable

order of arguments, and so forth (e.g., Barnard, Hammond, Morton,

Long, & Clark, 1981), learning to use highly rigid syntactic rules is

still an extremely common requirement.

6. A second independent judge coded a random sampie of the pro­

tocols. The agreement between the two judges was quite high (r = .90);

any disagreements were resolved to mutual satisfaction.

7. The word counts in the four versions were as folIows: both

concept-rich and syntax-rich elaborations, 10,686 words; only concept­

rich elaborations, 8,366 words; only syntax-rich elaborations, 5,699

words; no elaborations, 3,428 words.

8. It is unlikely that the lack of an interesting result due to expertise

is due to our novices' having had some computer 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 subjects for the novice condition whom we

feit were as inexperienced as possible.

9. The degrees of freedom differ for the completed tasks measures

because some subjects did not successfully complete any tasks.

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

point.

APPENDIX A
The Commands Taught in the User's Manual

COMMAND

DIR

MKDIR

CHDIR

RMDIR

TYPE

RENAME

COPY

ERASE

-Numtoc«

'·Break

d:

FUNCTlON

List the flies In a oirectorv

Create (or "rnake") a subdirectory

Change default dtrectory assignment

Eliminate (or "rernove") a subdrrectory

Drsptav the contents of a file

Change the name ot a file

Create a duplicate copy ot a file

Combine or append flies together

Transer data between system devices

Eurrunate a ftle

Freeze the screen

Abort the current command

Change the default drive assrqnrnent
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APPENDIX B

Sampies oe Four Types oe Elaboration erom the Manual Used in Experiment 1

Meta-statement

ELABORATEO

Since the computer has two disk dnves

which can eacn conram a diskette. you

must speclfy whether the file you want

rs in drive A or drive B when you

g,ve Ihe cornourer a command If your

command doesnt speclfy wh,ch drive

contams Ihe We. Ihe computer

autemaucauy assumes Ihal 'I can find

Ihe file m Ihe "defaull" drive. The

next secnon exprams what Ihe "default

drive" .s. ano how 10 tell the cornputer

10 look on a d,fferent drive ,f

necessary

Definition

ElABORATEO

The B: ,"B-colon") in Ihe command

stands tor the right-hand disk drive.

The colon s'gnals Ihe computer that

Ihe letter or ward preceding it is a

"device" ralher than Ihe name of a

command or file. Devices are pieces

of comouter hardware. such as disk
drives. a pnruer or even Ihe keyboard.

After you enter Ihe command. Ihe B>

prompl w,lI appear on the screen.

From now on Ihe compurer w,lI

automancaüv look for files on drive B

Analogy

ElABORATEO

When you glve Ihe computer a command
concerning a We. such as TYPE. ERASE

or COPY. Ihe comouter looks for Ihe

file on a ..d'skette." A diskette. also
known as a .,floppy disk." is s,mllar

to a smalI. flex,ble phonograph

record. excect rnat instead of sloring

sounds. 'I contams mtormancn which

the computer can read. add to or delele.

All Ihe files you create on Ihe compuler
are stored on diskette.s. So. ,n order

to work on your files. you must Insert

Ihe diskette lhat conta,ns Ihem into

Ihe compuler You insert a d'skette

,nto one of IM Iwo "disk drives" on

Ihe front 01 Ihe compuler cabinel The

drive on Ihe left is called drive A.

and Ihe one on IM rlght is drive B

Example

UNElABORATEO

Since Ihe computer has Iwo disk

drives which can each contain a

diskette. you must specify

whelher Ihe file you wanl is in drive

A or drive B when you give the

computer a command. If your

command doesnt spec,fy which

drive ccnrams the liIe. Ihe

computer automalically assumes

Ihat ,t can find the file rn

the "detaun" drive.

UNElABORATEO

The B: in the command stands for

the right hand disk drive. From

now on. Ihe B> prompt appears on

Ihe screen and Ihe computer will

automatically look for files on

drive B.

UNElABORATEO

When you give Ihe computer a
command concerrunq a file. such as
TYPE. ERASE or COPY Ihe computer

looks for the file on a "diskette."

To use a diskette. you insert it into
one of Ihe Iwo ..disk drives" on the

front ct Ihe comouter cabinet.

The drive on Ihe left is called

drive A. and tne one on the right

is drive B.

The elaborated and unelaborated versions

are for the most Plrt idenllcll except 'ar

the Iddition of the "Impie (itllicized here)

Using COpy 10 Combine Files

You can use COPY to combine files. appending a copy of one liIe to the end of another

file
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APPENDIX B (continued)

FORMAT

The formal 01 tne command '5

COpy [LOC & name flrSf file + nexr file. ILoc & name cornomeo fllel

(Loe & name first file + next file I reters 10 a ust of Ihe files you want to "add" together.

Tne names ot me tues are typeo w,th plus (+) slgns between tnern. You need to specity

rocanon mtorrnanon for eacn filename m the list m the usua: way. wlth drive and patn

specmcatrons When severat filenames are usted In trns manner the COPY eommand

resuns m a new file In whleh tne contents 01 tne first Ille on the ust apoear nrst. followed

by the conrents ot the second file tnen the contents of the Ihlrd file and so on. 50 be

sure rnat lhe files m the list appear rn the order m whleh you want them combined.

ICombined filel raters to Ihe new Iile tnat will contam lhe cornbmec files. wnar vou want to

ceu th,s file. anc wnere In Ihe oirectorv structure you want u to go 5peclly the tocancn

In terms of a drive ano a path to a d,rectory as usual Type Ihe name you would Iike to

glve the file at ihe end ot the oatn

For exemote suppose you wme a reoon In secuons. w/Ih eecn secuon ui aseparate lile

You want 10 format ena onnt tne teoon as one tue. so you comöme tne sectwns uvo one

Me TM 101l0wln9 command cakes uvee tnes INTRO MSS. BOOY MSS. eno CONCL MSS ena

comoines tnem .nto a new tue cstteä REPOR T

A> COPY B INTRO MSS+B BOOY MSS+ B CONCL MSS REPORT < ENTER >

tne comoinea Me REPORT will consist 01 tne muooucuo» me öody and (he corctusion

APPENDIX C

Excerpt or Manual rrom Experiment 2 ß1ustrating RICH SYNTAXElaborations

CHANGING THE CURRENT DIRECTORY .. CHDIR

The CHDIR command allows you to deSlgnate a duectory as Ihe "current" directory for a

drive. so thai tne cornputer w,lI aurcrnancany look there tor files or succirectcnes

menhoned rn your comrnanos You can cesrqnate a current dlrectory tor eacn dlsk drive

Independently

FORMAT

CHDIR 1I0e arid name ot new current directory]

You can use Ihe abbrevrancn CD In the command ,nslead of typlng CHDIR.

ILocalion of new currenl dlreeloryl refers 10 the path 10 the directory you want 10

des,gnate as tne new current dorectory The last dlrectory name on lhe list should be the

name of Ihe dlreclory you wanl to deslgnate

For example Ihe eommand below des,gnales a subdlreclory called PASCAL as Ihe new

current doreclory In drive B

A> CHDIR B IPROGRAMSIPASCAL <ENTER>

The forst symbol In Ihe palh 's a baekslash 11) Th,s means Ihat the palh to the new

current doreclory starts w'th the root dlreetory of the diskette ,n drive B The path Indieates

that the roOl doreelory contalns a subdoreetory calied PROGRAM5. and that PROGRAMS

conta,ns PASCAL the dlreclory you want to des,gnale as the "new" eurrent dlreetory. As

usual Ihe amounl of loeat,on ,nformatlon you need to provlde depends on whleh dlreetory

was last deslgnaled as the eurrenl dlreetory lor the drive

To change Ihe current dlreclory back 10 tne root dlreclory glve a command like the

fOllow,ng

A> CHDIR BI "ENTER>

The backslash 11) In the commandS above symbollze Ihe roOl dlrectory So the command

above changes Ihe current dlreclory for dflve B to the roOl direclOry

If you forgel whlCh dlreclory 's Ihe current dlfeetory. Ihe compuler can rem,nd you Enter

aCHDIR command wllhoul speclfYlng a locallon The compuler w,ll display the path from

the roOl dlfeetory 10 Ihe Currenl dlreclory or a backslash ,I you are 51,11 ,n the roOl

dlfeetory
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APPENDIX D
Excerpt of Manual from Experiment 2 llIustrating

RICH CONCEPT Elaborations

CHANGING THE CURRENT DIRECTORY .• CHDIR

The CHDIR command (snort for "chanqe directory") allows you to designate a directory as

tM "current" directory for a dnve so that the computer will automatically look there for

files or scocuectones mentioned In vour commands. You can designate a current dire~ory

tor each disk drive mdepenoenuy. Changmg tne current directory on the diskette in drive

A does nOI attect the current duectory on drive B.

The rOOI directory IS automatically designated as the current directory lor each drive when

you first start up the computer It IS useful to designale a subdirectory as the current

directory when you will be workmg pnmarily on the files in tnat subdirectory. Then you

wont have to speclfy the patn to tne subdirectory in eacn command you issue.

FORMAT

The format of the command is:

CHDIR lId}pathl

You can use Ihe abbrevlalion CD in tne command instead ot typing CHDIR.

If you desIgnale a subdirectory as the new current directory, Ihe computer will carry out all

the subseouent commands with,n thaI directory, untess you specify a patn to another

directory T0 cnanqe the current directory back to the root directory, use a backslash as

the path

If you forget whlch directory is the current directory. tne cornputer can remind vcu. Enter a

CHDIR command wlthout speclfying a tccauon. The computer will display Ihe path from

the rOOI duectory to the current ouecrorv. or "\". If you are still in the root directory.

(Manuscript received February 25, 1985;
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