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Following Instructions: Effects of Principles and Examples

Richard Catrambone
Georgia Institute of Technology

Two experiments examined whether people’s success using general instruc-
tions for operating a device (a word processor) would be improved if the
instructions were supplemented with principles or examples. The principle
explained relevant internal workings of the word processor. Its inclusion aided
initial performance and later transfer, presumably by helping the learner to
explain a difficult step. The example was predicted to reduce ambiguities and
therefore, start-up time; its presence aided initial performance but appeared
to have no effect on transfer. Besides demonstrating that general instructions
can be improved through examples and principles, the studies suggest that a
learner can access features of the initial instruction-based representation
when faced with a novel task, even after executing a procedure a number of

times.

People often have difficulty following instruc-
tions for devices such as word processors. One
reason for this difficulty is that users are unsure
how to apply the instructions to the particular case
on which they are working. Instructions that are
tailored for specific cases help users apply the
instructions initially, but users later can have
difficulty transferring those instructions to novel
cases. Conversely, users learning from instructions
written at a more general level are able to apply
the instructions to a wide variety of tasks, but they
have great difficulty using the instructions initially
(Catrambone, 1990).

This trade-off in initial performance and later
transfer as a function of type of instructions are
troubling. It would be desirable to find a way to
help learners use instructions successfully and
quickly, as well as transfer them easily to novel
tasks. Although some success has been found in
revising the specific instructions to aid generaliza-
tion (Catrambone, 1990), the approach taken here
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is to examine whether the initial use of general
instructions can be improved while still maintain-
ing good transfer to novel tasks.

Research that examines factors influencing how
well people can use instructions has important
practical implications for instructional design. Us-
ers often give up on product instructions that are
hard to follow or understand initially and instead
try the tasks on their own (Mack, Lewis, & Carroll,
1983). Not surprisingly, this can lead to consider-
able trouble operating the device or software and
may ultimately affect future decisions to use prod-
ucts from the same company.

General Versus Specific Instructions

Catrambone (1990) found a trade-off between
specific and general instructions for people learn-
ing deletion tasks on a word processor. Specific
instructions are defined as instructions that pro-
vide the exact steps for a given procedure such as
deleting a word. General instructions are defined
as those that provide a procedure covering a wide
number of cases within a task domain, such as how
to delete any text. Participants using general dele-
tion instructions took roughly twice as long as
specific-instruction participants to perform the
initial tasks. However, specific-instruction partici-
pants were less successful at transferring to novel
tasks. General-instruction participants had little
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difficulty with novel tasks, possibly because they
had been led to form a general procedure.

Two sets of production rules were written to
represent the procedural knowledge presumably
conveyed by the general and specific instructions.
It was assumed that individual production rules
are learned at the same rate, as long as they are
matched for number of clauses. Thus, given that
there were fewer productions needed to represent
the general instructions, it was expected that it
would take no longer to learn the general instruc-
tions than it would take to learn the specific
instructions. Learning time was assessed by how
long it took participants to accomplish an initial
task. However, although the production rules
formed from the general instructions were suffi-
cient to accomplish the initial task, it appeared
that participants did not learn these rules very
easily when studying the instructions. Rather, they
required multiple readings and attempts at the
task. Conversely, participants seemed to quickly
learn the productions conveyed by the specific
instructions.

Why do learners have difficulty implementing
general instructions? One possibility is that gen-
eral instructions provide relatively little informa-
tion to constrain potential user actions. Thus, the
search space for appropriate actions can be large.
The present study examines two ways of helping
learners to implement general instructions, thereby
improving their initial usability: the use of prin-
ciples and examples. These two ways are examined
because of prior work in the mental model and
problem-solving literatures that demonstrates the
benefits of this type of information for people
learning procedures and learning how to solve
problems. Although the potential benefits of add-
ing principles and examples to general instructions
are discussed in detail below, it is worth highlight-
ing the major issues first.

With respect to examples, the problem-solving
literature has shown that learners can readily map
the steps from an example to a new problem that is
very similar to the example. However, they fre-
quently have great difficulty applying the example
to novel cases. If an example is added to general
instructions, it is unclear whether the strengths of
general instructions and examples will be com-
bined or whether the weaknesses will dominate.
That is, will the example help learners perform
initial tasks quickly while the general instructions

support transfer to novel cases, or will perfor-
mance reflect start-up difficulties associated with
general instructions and transfer difficulties associ-
ated with examples?

With respect to principles, prior work in the
mental model literature has suggested that a de-
vice model can help a learner infer steps in new
situations (e.g., Kieras & Bovair, 1984). Thus, a
principle can help a learner make appropriate
decisions with respect to implementing general
instructions for an initial task. However, given the
good transfer produced by general instructions, it
is unclear whether a principle would additionally
impact transfer to later novel tasks.

Effects of Mental Models on Learning
and Executing Procedures

There is evidence that people can learn instruc-
tions for operating a device more successtully if
they have some understanding of how the device
behaves internally or if they understand the goal
that a set of steps achieves. For example, Kieras
and Bovair (1984) demonstrated that learners who
studied a mental model for a device (a phaser
bank) learned procedures for operating the device
more quickly than learners who did not previously
learn the mental model. In addition, those who
first learned the mental model were also better
able to optimize procedures. Kieras and Bovair
argued that the type of extra information that
helps people learn procedures more effectively is
information that helps them infer the steps of
procedures.

Smith and Goodman (1984) demonstrated the
usefulness of an explanatory schema in instruc-
tions. They compared a group of participants who
followed a set of steps for assembling an electric
circuit to a group who received a structurally
oriented explanatory schema with the steps. This
schema consisted of statements that provided a
rationale or goal for carrying out sets of steps (e.g.,
“The next thing that you will have to do is to
assemble the on—off switch.”). Thus, the schema
included the underlying model that constrained
the steps needed to build the circuit. When assem-
bling a new circuit, participants who had previ-
ously received the explanatory schema were more
accurate, even though the required steps were not
identical to the ones followed during training. The
schema participants were presumably aided by the
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fact that the same underlying model was present
for both circuits, and this model helped them
comprehend the new steps.

Learning From Examples

A good deal of research has shown that learners
prefer to learn from examples (e.g., Chi, Bassok,
Lewis, Reimann, & Glaser, 1989; LeFevre &
Dixon, 1986; Pirolli & Anderson, 1985). One
reason examples are often preferred may be that
they provide an instantiation of a procedure to
guide behavior. However, one well-established
difficulty is that learners often have trouble gener-
alizing examples to novel problems (Catrambone
& Holyoak, 1990; Cooper & Sweller, 1987; Reed,
Dempster, & Ettinger, 1985; Ross, 1989). Thus,
although examples aid performance on problems
that are almost identical to the examples, they
frequently provide little benefit and sometimes
cause interference for novel problems.

Two Ways of Improving General Instructions

The major goal of the present study was to
examine whether the initial usability of general
instructions can be improved through the use of
principles and examples. A secondary goal was to
examine whether principles and examples affected
performance on later similar tasks as well as novel
tasks.

Use of a Principle

Smith and Goodman (1984) found that learners
carried out steps more quickly when they were
provided with information that gave a rationale for
the steps. Other studies indicate that background
knowledge or elaborations may help initial perfor-
mance (Hale, 1993; Reder, Charney, & Morgan,
1986).

Kieras and Bovair (1984) suggested that informa-
tion about how a device operates will aid user
performance to the extent that it helps the learner
infer the steps needed to operate the device. Thus,
information about a device that does not support
this type of inferencing will presumably not aid
performance. This functional definition of useful
information may at first seem circular, but in
practice a researcher or instruction writer can

show a priori how the information might help a
learner infer or comprehend certain steps (Kieras,
1990). Other work has suggested that information
that supports and guides a user’s exploration of a
device can aid long-term performance (e.g., Car-
roll, Mack, Lewis, Grischkowsky, & Robertson,
1985).

Use of Examples

The problem-solving literature has frequently
demonstrated the difficulty learners have when
using examples on new tasks that are not isomor-
phic to the examples (e.g., Reed et al., 1985). An
issue investigated in Experiment 1 is whether an
example that is not isomorphic to the initial task
can aid performance if the example is used in
conjunction with general instructions. The ex-
ample could provide the learner with concrete
advice on how to implement certain steps while the
general instructions provide sufficient structure to
enable the learner to determine how to adapt steps
from the example to the current task. Conversely,
it is possible that a nonisomorphic example will not
aid initial performance or may even hinder it
compared with a situation in which an example is
not present.

With respect to transfer to later tasks, it is
unclear whether the presence of an example will
hurt later transfer despite the fact that general
instructions alone appear to support transfer (Ca-
trambone, 1990). Given that learners have been
shown to ignore instructions in favor of examples
(LeFevre & Dixon, 1986), it is possible that an
example could be more salient than the general
instructions and thus hinder transfer performance.

Overview of the Experiments Plus
a Performance Assumption

The experiments examined participants as they
learned to do deletion tasks (Experiment 1) and
format tasks (Experiment 2) on a word processor.
In both experiments, the primary issues explored
were whether the presence of an example or
principle would aid initial performance and whether
their presence would affect later performance on
similar and new tasks.

When a learner successfully executes a proce-
dure described in a set of instructions, the result-
ing procedure representation may be more a func-
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tion of having carried out the procedure and less a
function of the details of how it was presented in
the instructions. That is, it is assumed that the
memory that results from carrying out the task is
more salient than the memory for the instructions
that were read. This assumption is consistent with
the finding of Ross and Kennedy (1990). They
discovered that once learners had used a prior case
to solve a new problem, their subsequent problem-
solving performance seemed to be guided by a
representation formed from the problem-solving
experience rather than details of the prior cases. It
is also consistent with the work of Luchins (1942),
who found that when learners discovered a solu-
tion approach that worked for a particular prob-
lem type, they would continue to use that approach
for other problems even when a simpler or more
efficient approach was possible.

The assumption of the primacy or salience of the
execution memory predicts that once a learner has
successfully completed a task, later occurrences of
the same task are less likely to be influenced by the
presence of a principle or example, even if initial
performance was affected by them. The likelihood
of execution memory playing a strong role in
subsequent performance presumably will increase
with the number of prior executions of the proce-
dure on similar tasks. However, if learners later
face a novel task for which the old procedure will
not work, they might access the memory of a
principle or example that could influence their
performance.

One limit of the above assumption is that if a
learner has great difficulty carrying out an initial
task and makes many mistakes and false turns, the
resulting procedure representation may be so poor
that the learner has to refer to the instructions
again in order to be able to carry out subsequent
executions of the task (e.g., Mack et al., 1983). In
this case, the nature of the instructions may con-
tinue to exert an influence on performance until
the procedure is better learned.

Experiment 1

Experiment 1 used deletion tasks on a word
processor as the domain for investigating the
effects of principles and examples on initial perfor-
mance and later transfer. For the word processor
used in this experiment, which was chosen because
it was expected to be unfamiliar to potential

participants, deletion is accomplished by (a) put-
ting the cursor at the beginning of the to-be-
deleted text, (b) pressing a function key, (c)
selecting the Delete command from a menu of
block operations, (d) highlighting the to-be-
deleted text, and (e) pressing Enter. When the
deletion function is selected, the computer dis-
plays the prompt, “Delete what?” and waits for a
target character to be specified. When the user
specifies the target, the computer then highlights
the text up to that character. The target character
can be pressed several times if it occurs more than
once in the to-be-deleted text.

Although the concepts of highlighting and doing
string searches are familiar to experienced users,
they are often bewildering to inexperienced users.
Consider the general instructions for deletion in
Table 1. Step 7 in the table instructs the user to
type the end character “over and over until the text
is highlighted” in order to highlight the to-be-
deleted text. This step could be difficult for an
inexperienced user to understand because it might
seem odd to have to type a character while trying
to delete something. The user might also be
confused as to why the target character would
need to be pressed more than once. Thus, when
faced with the first deletion task of the experiment
such as deleting a word that requires a single-press
of the target character, a learner could have a fair
amount of difficulty.

One way of reducing confusion is to provide a
principle that explains what the computer does
each time the target is pressed, thus giving the
learner a rationale for pressing the key and for
pressing it multiple times. This principle is given in
Step 7 under the heading “Additional information
for principle participants.” This principle could
help the learner comprehend Step 7 more easily
and carry out the initial task more quickly than a
learner who was not presented with the principle.

As mentioned earlier, once a learner has success-
fully executed the general procedure on the initial
task, the resulting representation of the procedure
in memory is assumed to be sufficient to allow this
learner to carry out isomorphic tasks successfully.
In this case, features of the learning materials,
such as a statement of a principle, are predicted to
no longer influence performance. Additional trials
with the same task will presumably produce a
speed-up in performance, but this should be true
regardless of whether the learner was given the
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Table 1

Deletion Instructions Used in Experiment 1: Deleting Text

Step 1:

DELETING TEXT

Use the arrow keys to move the cursor so that it is under the first character of the text

you want to delete.
Step 2:
Press the F4 key.
Step 3:

Notice that the following “menu” appears at the bottom of the computer screen:

Move Copy Delete Recall

Also notice that Move is highlighted.
Step 4:

Press the right-arrow key twice to highlight:

Delete.
Step 5:
Press the ENTER key.
Step 6:

Save.

Notice that at the bottom of the screen the computer displays the question:

Delete what?
Step 7:

Type the character at the end of the text you want to delete, typing it over and over

until the text is highlighted.

Additional information for
principle participants that
followed the previous text:

Each time you type the character,
the computer “searches” in a for-
ward direction starting from the
point at which the cursor is located,
until the computer finds the char-
acter. When the computer finds the
character, it highlights all the text it
searched through on the way to
finding the character.

Additional information for
example participants that
followed the previous text:

Matches initial task:

For example, if the word you
wished to delete was airplane
then you would type the let-
ter e.

Does not match initial task:

For example, if the word you
wished to delete was tele-
phone then you would type
the letter e three times.

Step 8:

If you highlighted the wrong text and you want to start over, press the ESC key.
After you press the ESC key, you will have to move the cursor back to the
beginning of the text you wish to delete and then press the F4 key in order to

restart the deletion procedure.
Step 9:

If you highlighted the correct text, then press the ENTER key.

Step 10:

Notice that the text that was highlighted disappears. END

Note. ESC = escape.

principle or an example because it is assumed that
the strengthening process that produces speed-up
(e.g., Anderson, 1983) will be operating on a
representation that will be similar across groups.
When a learner faces later novel tasks, the

representation formed from the training tasks may
no longer work because it may have been tailored
to the specific training tasks. Therefore, the prin-
ciple might become relevant again as the learner
tries to problem solve. For instance, when learners
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are faced with a novel task that requires them to
press the target character multiple times, those
learners who saw the principle explaining what the
computer does when the target character is pressed
might be quicker to determine what they need
to do.

Another way of helping a learner perform initial
tasks is with the use of an example. Once again,
consider Step 7 in Table 1. Under the heading
“Additional information for example participants”
are examples of how the step for specifying the
target might be implemented. The example la-
beled “Matches initial task” is expected to allow
the learner to understand more rapidly that the
last letter of the to-be-deleted word is in fact the
letter that should be pressed. In addition, the
example is isomorphic to the initial deletion task
attempted by participants in Experiment 1; in both
cases the target character needs to be pressed only
once in order to highlight the to-be-deleted word.

The example in Table 1 labeled “Does not
match initial task” shows a case in which the target
character needs to be pressed multiple times in
order to highlight the word. If learners have
difficulty adapting the example to a nonisomorphic
case, then this example will not help performance
as much as the single-press example and may not
even help performance relative to a no-example
situation. On the other hand, if the general instruc-
tions help learners adapt the example, then perfor-
mance on the initial task might be better than the
no-example case and perhaps as good as the
single-press example case.

Two scenarios are considered likely with respect
to the effect of the example manipulation on
performance on later novel tasks involving mul-
tiple presses of the target. One possibility is that
participants who had seen the multiple-press ex-
ample will be quicker on the first multiple-press
task because it will match the example. A second
possibility is that the combination of the general
instructions and practice on the earlier tasks will
mitigate any effects of an early example, perhaps
by making the example less likely to be accessed
during later tasks.

If the effect of the examples and principle is
confined entirely to the initial task, and perfor-
mance on later novel tasks is good for all groups,
this would suggest that they are effective in aiding
comprehension of general instructions. Presum-
ably this would occur if learners, by applying the

general instuctions to the initial task, form a
sufficiently general representation for performing
a variety of tasks. Alternatively, if there is also an
effect of principle or example on later tasks, this
would suggest that the procedure learned by doing
the initial task did not support inferencing so well
that other factors could not improve performance.

In summary, it was hypothesized that a principle
would aid performance on the initial task and
possibly on the first novel task. It was also hypoth-
esized that an example matching the initial task
would aid performance relative to the no-example
condition and possibly the mismatching example
condition. It was hypothesized that the mismatch-
ing (multiple-press) example might also aid perfor-
mance on the first novel task because that task
requires multiple presses of the target character.

An additional issue examined in Experiment 1 is
whether any benefit in initial performance from a
principle or example in the instructions is offset by
time needed to read this additional information.
The value of a principle or example on initial
performance time would be lowered if learners
required an offsetting amount of time to process
this supplemental information. However, it is pos-
sible that the hypothesized improved comprehen-
sion from a principle or example might prevent a
significant increase in reading time.

Method

Participants.  Participants were 73 (41 men and
32 women) college-aged students at the Georgia
Institute of Technology who received course credit.
Participants’ computer experience as indicated on
a questionnaire was confined to using word process-
ing software on a Macintosh. The interface for the
Macintosh software is considerably different from
the interface for the word processor used in this
experiment.

Materials and procedure.  Participants performed
word processing tasks on an IBM PS/2 Model 80
computer. This will be referred to as the task
computer. Participants were first shown several
features of the task computer and the word process-
ing program. The computer screen displayed an
empty document. Participants were shown what
the cursor was and were told how text automati-
cally wraps around the screen. The Shift key and
the arrow keys on the keyboard were pointed out,
and participants were shown how to move the
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cursor around the screen with the arrow keys.
Participants were told that their keystrokes would
be collected and time-stamped by the computer.
Participants were then asked to type a paragraph
to allow them to get familiar with the keyboard.

After typing the practice paragraph, partici-
pants were shown how to access the instructions
for doing various procedures. Participants read
instructions from the computer screen of a second
IBM PS/2 Model 80. This will be referred to as the
instruction computer. The procedures were retriev-
ing a document, deleting text, inserting text, and
exiting a document. Each procedure (e.g., retriev-
ing a document) was broken into a series of screens
and labeled Screen 1, Screen 2, and so on. The last
screen for a particular procedure always concluded
with the word End. Table 1 presents the instruc-
tions for deleting text. Note that the headings for
each screen were Screen 1, Screen 2, etc., not Step
1, Step 2, etc.

The deletion instructions were identical for all
participants except for Step 7 (see Table 1). The
principle seen by half of the participants provided
an explanation of how the computer searches for
target characters. For participants who received an
example, it demonstrated either the deletion of a
word requiring a single keypress, thus matching
the first task, or the deletion of a word requiring
multiple keypresses. For participants who received
the principle and an example, the principle came
first.

The instructions could be viewed only one screen
at a time. The contents of a screen became visible
when the participant held down the space bar.
When the space bar was not depressed, an outline
of the instructions for all the topics appeared on
the display. The outline consisted of rows of
dashes where each row corresponded to a screen.
The row representing the first screen of informa-
tion for a particular procedure (such as retrieving a
document) consisted of the title of the procedure
rather than dashes. This allowed participants to
keep visual track of where they were in the
instructions. In addition, one row in the outline
was always at a higher intensity than the others.
This row corresponded to the screen that would
appear if the space bar was pressed.

Participants could go forward or backward
through the instruction screens by pressing the
Next Page key or the Previous Page key. Partici-
pants’ movements through the instructions were

saved to the computer’s memory. After being
shown how to read instructions, participants were
presented the first document on which they were
to work. The various changes that had to be made
were indicated on the document. Text to be
deleted was underlined in red ink. The name of the
document was printed in the upper left-hand
corner because the name was needed in order to
retrieve the document. Subsequent documents
were similarly annotated.

Training phase. During the training phase, par-
ticipants deleted six words as well as doing inser-
tion tasks and document retrieval and exiting. The
three training documents required the following
tasks in order: (a) retrieve the document, (b)
delete a word, (c) insert a phrase, (d) delete a
word, (e) insert a phrase, and (f) exit the docu-
ment.

The phrase insertions were always seven words
long. The word deletions during the training phase
always required a single keypress of the target
character (i.e., the last letter never occurred ear-
lier in the word). The insertion and document
retrieval and exiting tasks were included to make
the training phase somewhat realistic.

Prior to doing a task (such as retrieving a
document) for the first time, participants were
required to read the complete instructions for that
task. This was done in order to make sure partici-
pants saw all the steps for the procedure at least
once and would be less tempted to guess about
how to do a step later on. Participants were told
that once they were done reading the instructions
for a particular procedure, they could not look
back at it while they attempted to do the task.

Once participants began a task, if they did not
know what to do at a particular point or made a
mistake from which they could not recover, they
had to reread the instructions for that procedure
and then redo the task. Once participants success-
fully completed a task, they did not have to read
the instructions for that procedure again unless
they later made a mistake from which they could
not recover.

The time to do a deletion task was defined as the
moment the function key was pressed until the
Enter key was pressed, causing the appropriate text
to disappear from the screen. This performance
time included time spent redoing the task (and
possibly rereading the instructions) if the partici-
pant made a mistake. Frequently, participants
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would reread the instructions after successfully
completing a task but before beginning the next
task. This reading time was included in the appro-
priate reading time cells in Table 3 but was not
counted as part of the time to do a deletion task.
For instance, if a participant reread the instruc-
tions after completing the first deletion task but
before beginning the second deletion task, this
reading time would be part of the category “Before
second success” in Table 3 but would not be
counted in the time to perform the second deletion
task because the rereading occurred before the
task was begun.

Test phase. During the test phase, participants
performed a total of eight deletion tasks across

four different documents. The first document re-

quired deleting two words where the final letter
also occurred in the middle of the word, thus
requiring the target letter to be pressed multiple
times (“mysterious” and “presence”). The second

document required deleting garbage text at the
beginning of two words (“[swk]various” and “[hox]
twill”). The third and fourth documents required
deleting garbage text in the middle of two words in
which the final letter of the garbage text also
occurred earlier in the garbage text, thus requiring
multiple presses of the target letter (“str[mpot-
plange,” “dis[bfafufltress,” “poss[znopntn]ible,”
and “cond[qwniw]uct”).

Design. The between-subjects independent
variables were presence of a principle and pres-
ence and type of example (no-example, single-
press, and multiple-press). These variables were
crossed forming six experimental groups. The num-
ber of participants in each group is indicated in
Table 2. The within-subject variables were serial
position and training versus test phase. The depen-
dent variables were time to perform each deletion
task and time spent reading the instructions. Par-
ticipants performed a total of 14 deletion tasks.

Table 2
Time to Perform Deletion Tasks in Experiment 1 (in Seconds)
Example
Single press? Multiple press® None
No No No
Principle principle Principle principle Principle principle
Task n=12) (n=12) (n=11) @n=13) @nH=13) @n=12)
Training phase

Word
1st 29.76 34.88 35.52 46.09 43.24 63.43
2nd 7.43 8.11 8.10 8.46 8.43 8.58
3rd 8.43 8.67 11.23 9.85 9.89 10.89
4th 8.24 6.99 9.03 7.85 7.17 7.47
5th 9.26 7.66 7.29 7.53 8.74 8.34
6th 6.44 5.56 6.49 5.77 7.65 6.14

Average (Words 2-6) 7.96 7.40 8.43 7.89 8.37 8.29

Test phase

Multiple Keypress
1 9.17 14.85 9.08 9.66 11.07 15.45
2 7.63 9.99 8.30 8.34 9.38 9.53

Garbage .
Beginning 1 6.57 7.42 6.72 7.87 8.08 7.40
Beginning 2 6.93 8.72 8.17 773 8.10 8.81
Middle 1 16.12 14.36 10.80 11.98 14.30 14.21
Middle 2 10.03 10.42 10.38 9.95 14.76 11.81
Middle 3 9.38 10.28 11.67 9.83 11.10 11.18
Middle 4 7.94 10.86 10.03 10.81 11.05 9.30

Average (Words 2-8) 9.23 10.29 9.43 9.50 10.97 10.32

aMatches first task. YDoes not match first task.
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Results

Training tasks. Table 2 presents the time re-
quired by each group to do the various deletion
tasks. Several analyses were performed on the
data. First, in order to examine whether there was
an effect of a principle or example on initial task
performance, I carried out an analysis of variance
(ANOVA) on the time participants required to do
the first deletion task. This analysis found that
both a principle, F(1, 67) = 4.67,p = .03, MSE =
556.90, and example, F(2, 67) = 492, p = 01,
reduced the time to carry out the first task. The
interaction of the two variables was not significant,
F(2,67) =0.64,p = .53.

Pairwise comparisons (collapsed over principle)
were performed in order to examine the perfor-
mance differences from the example manipulation.
The groups receiving the example that matched
the first task performed that task significantly
faster than the no-example group (p = .0038).
There was no difference between the matching-
example groups and the mismatching-example
groups (p > .20) or between the mismatching-
example and no-example groups (p > .09).

Performance on the rest of the training phase
deletion tasks was analyzed using serial position
(second word, third word, etc.) as the within-
subjects variable and example and principle as the
between-subjects variables, There was no main
effect of principle, F(1, 67) = 1.05,p = .31, MSE =
13.51, or example, F(2, 67) = 1.03, p = .36, nor was
their interaction significant, F(2, 67) = 0.16, p =
.85. There was a significant effect of serial position,
F(4, 268) = 24.86,p < .0001, MSE = 4.51, and the
interaction of serial position with example, F(8,

Table 3

268) = 2.36, p = .02. No other interactions were
significant (both ps > .25).

Test tasks. An analysis of performance on the
first test task, deleting a word requiring multiple
presses of the target character, revealed an effect
of principle in the expected direction, F(1, 67) =
5.90,p = .02, MSE = 38.63. There was at best only
a marginal effect due to example, F(2, 67) = 2.47,
p = .09. The interaction of principle and example
was not significant, F(2, 67) = 1.09, p = .34.

Performance on the rest of the test tasks was
analyzed using serial position as the within-
subjects variable and example and principle as the
between-subjects variables. There was no main
effect of principle, F(1, 67) = 0.09,p = .77, MSE =
37.96, or example, F(2, 67) = 1.69, p = .19. There
was a significant effect of serial position, F(6,402) =
19.30, p < .0001, MSE = 16.99. None of the
interactions was significant (all ps > .17).

Reading time. 'Table 3 presents the time partici-
pants spent reading the deletion instructions. Read-
ing time was broken into four mutually exclusive
categories: prior to the first deletion attempt, prior
to the first deletion success, prior to the second
deletion success, and total remaining time spent
reading deletion instructions. Reading time was
analyzed using category of reading as the within-
subjects variable and example and principle as the
between-subjects variables.

There was no main effect of principle, F(1, 67) =
1.90, p = .17, MSE = 1186.30, or example,
F(2,67) = 0.98, p = .38, nor was their interaction
significant, F(2, 67) = 0.81, p = .45. There was a
significant effect of reading category, F(3, 201) =
113.48, p < .0001, MSE = 953.25. No interactions
with reading category were significant (allps > .27).

Time Spent Reading Deletion Instructions in Experiment 1 (in Seconds)

Example
Single press? Multiple press® None
No No No

Principle principle Principle principle Principle principle

Time of reading (n=12) (n=12) (n=11) @n=13) (rn=13) (n=12)
Before first attempt 94.36 90.17 99.75 97.40 93.68 88.22
Before first success 13.06 21.19 24.97 32.02 19.90 47.33
Before second success 47.92 33.33 45.69 62.64 32.90 62.87
Rest of deletion tasks 0.00 8.46 2.02 0.17 2.06 0.00

aMatches first task. PDoes not match first task.
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Discussion

It was hypothesized that a principle and an
example would aid initial task performance. These
hypotheses were supported. This suggests that
both factors aid learners in instantiating general
instructions, although presumably through differ-
ent mechanisms. The performance benefit from
the principle is consistent with the claim that
information that helps learners infer the steps they
should take will aid them in carrying out an initial
task using general instructions. The significant
effect of example, coupled with the pairwise com-
parisons, shows that participants receiving an ex-
ample that matched the first training task outper-
formed the no-example participants. There was
also a trend for the mismatching example partici-
pants to outperform the no-example participants.
A conservative conclusion from these results is
that a matching example aids performance. A less
strict conclusion is that an example that is not
isomorphic to the initial task can also aid perfor-
mance, at least relative to having no example,
when coupled with general instructions.

The significant effect of serial position for the
training phase indicates that participants generally
were faster on later training tasks. The fact that
the principle did not interact with serial position
during the training phase is consistent with the
assumption that learners were operating on a
similar representation after completing the first
training task.

The interaction of serial position and example is
difficult to interpret. An examination of Table 2
shows that from the third word deletion task until
the sixth, only the multiple-press example group
consistently got faster. It is not clear why the other
groups had a less consistent pattern.

It was hypothesized that a principle would aid
performance on a later novel task because the
procedure learned during training would need to
be adapted and a principle was expected to make
the adaptation easier to carry out. This hypothesis
was supported. This suggests that when an alter-
ation to the procedure was needed—multiple
presses of the target character rather than a single
press—participants could access their knowledge
of the relevant principle in order to figure out the
alteration more quickly.

There was a trend toward superior performance
by the multiple-press example group on the first

novel task. However, the weakness of this result
suggests that the effect of an example may be
unreliable on a task similar to it if a series of
intervening tasks have occurred. This result is
consistent with the findings of Pirolli (1991) who
found in the domain of programming that ex-
amples appeared to aid the initial acquisition of a
skill but play little role in later performance.
Nevertheless, it is unclear why a principle should
be accessed when needed for a later task while an
example is less likely to be accessed. One possible
explanation comes from a study by Marshall (1991)
examining students solving arithmetic word prob-
lems. She found that students possessing abstract
knowledge, as determined by interviews, preferred
to use it instead of details from example and were
also the most successful solving problems. Mar-
shall suggested that these more successful learners
may first encode an example and then build an
abstract network around it. The use of general
instructions in the present study may have facili-
tated this approach, thus making the example less
accessible for later tasks but providing learners
with a more robust procedural representation.

The effect of serial position in the test phase
reflects the difficulty participants experienced when
faced with the first one or two deletion tasks
involving garbage text in the middle of words (see
Garbage Middle 1 and Garbage Middle 2 in Table
2). These tasks involved for the first time placing
the cursor inside a word rather than at the begin-
ning in order to do the task. This feature was not
inferable from the principle or illustrated in an
example. Nevertheless, although this feature slowed
performance, it obviously did not cause great
difficulty for participants. The lack of an effect of
principle or example for the tasks beyond the first
test task is consistent with the training phase
finding that after completing a novel task, learners
tend to have similar procedural representations for
that type of task despite differing instructions.

The reading time analysis indicates that there
was not a significant overall time cost associated
with the principle or examples being added to the
general instructions. Whereas the group lacking
both principles and examples had the shortest
reading time prior to the first task and a group
receiving both a principle and an example had the
longest time, the difference was not dramatic and
was less than half the size of the performance
difference between these groups on the first dele-
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tion task. Although the inclusion of a principle and
example increased the number of words in the
instructions, this additional information may have
helped participants comprehend Step 7 more rap-
idly. The additional time to read the principle and
example may have been balanced by the reduction
in time to comprehend the instructions for that
step. It appears that factors such as when a
participant was reading the instructions was a
more important influence on reading time.

Experiment 2

The primary goal of Experiment 2 was to test
whether the findings from Experiment 1 would
extend to other tasks. Although the general design
of Experiment 2 was very similar to that of Experi-
ment 1, it differed in that there was not a matching
versus mismatching example manipulation. Rather,
the example manipulation was example (matching
the first task) versus no example. As a side effect of
this simplified design, there was not a condition in
which the first novel task in the test phase matched
the example.

The tasks used in Experiment 2 involved format-
ting a document: changing line spacing, margins,
pitch, header spacing, and footer spacing. These
tasks are structurally similar in that they are
accomplished by selecting an item from an initial
format menu and then going through lower level
menus until a field appears in which a value for
some format feature can be specified. The chal-
lenge to learners is to understand the notion of
menu hierarchy and to exploit it when attempting
tasks that involve new menus.

Asin Experiment 1, it was expected that informa-
tion about the device that could help learners infer
or comprehend procedural steps would aid initial
performance and possibly later transfer. The for-
mat instructions were identical for all participants
except for Steps 6 and 7 (see Table 4). The
principle seen by half of the participants was
included in Step 6 and briefly explained the notion
of a menu hierarchy. It was hypothesized that this
explanation would help participants understand
that the menus were connected and that if a
particular menu did not seem to match the current
goal, it was possible that a submenu connected to
that menu might be appropriate. Participants not
seeing this principle were hypothesized to be less
likely to understand this relationship, at least early

in learning. The result of understanding the menu
structure could lead to an increased willingness to
explore the menu structure in order to find the
items that might be needed for certain tasks.

The example in Step 7 seen by half of the
participants illustrated how to carry out the first
task, which was changing line spacing. The effect of
having an example showing the specific menus to
be traversed for initial tasks should have been
powerful. In this case, participants knew exactly
which choices to make. The only variable would be
the exact value to fill in the field; the example
illustrated changing the spacing from double to
triple, whereas the first task involved changing it
from double to single. Changing the value of a
variable in a problem that is isomorphic to a
studied example is typically easy for college-aged
learners (Catrambone, 1994; Reed et al., 1985).
Thus, it was hypothesized that participants receiv-
ing this example should carry out the first task
more quickly than those without the example.

The test phase tasks were also structurally simi-
lar to the training tasks but involved choosing an
unfamiliar item from the top level format menu.
Besides being unfamiliar, this item was semanti-
cally unrelated to the tasks that had to be per-
formed. Catrambone (1990) found that a sizeable
number of participants performing menu-based
tasks required a hint when performing a new task
that involved traversing unfamiliar menus. Al-
though some participants spontaneously began to
search through the menus in order to find items
that seemed related to the target task, about one
third had to be prompted to try this strategy. If the
principle helps learners to infer steps, then partici-
pants receiving the principle might be more likely
to develop the search strategy sooner.

If participants receiving the principle perform
similarly to those not receiving it on the initial test
phase task, this would suggest that the principle
was relatively ineffective at this stage or that the
practice received during the training phase was
sufficient to help all participants learn the notion
of connected menus and thus search the menu
structure for new items. Conversely, if participants
receiving the principle perform better on the initial
test phase task compared with no-principle partici-
pants, this would suggest that the principle was
valuable in helping participants realize they could
search through the structure in order to find
needed items. It would also suggest that the
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Table 4
Formatting Instructions: Changing the Format of a Document

Step 1:
CHANGING THE FORMAT OF A DOCUMENT

Suppose you have a document on the screen and you want to change some formatting
feature. Use the arrow keys to move the cursor so that it is under the first letter of
the first word of the document.

Step 2:
Press the F7 key.
Step 3:
Notice that the following “main menu” appears at the bottom of the computer screen
Line—format Page—format Tabs
Also notice that Line-—format is highlighted.
Step 4:

Any time you wish to make a format change, you have to first choose an item from the

main menu that corresponds to the type of change you wish to make.
Step 5:
To choose an item from a menu, you do the following two things:
(1) Highlight the item you want. Use the right and left arrow key to do this (unless
the item is already highlighted).
(2) When you have highlighted the item you want, then press the ENTER key in
order to actually choose the item.
Step 6:

Once you have chosen a menu item, one of two things will happen. Either a new “sub-
menu” will appear at the bottom of the screen or a “request” for information will
appear at the bottom of the screen. If a sub-menu appears at the bottom of the
screen, then choose the menu item you want using the arrow keys (if necessary)
and then press the ENTER key. If a “request” appears at the bottom of the
screen, press the ESC key to erase the current information that is to the right of
the request and then type in the new information.

Additional information for principle participants that followed the previous text:

Most menus for making format changes have other menus connected to them. So when
you choose a menu item, this will probably cause another menu to appear. This
process of going from “higher level” menus to “lower level” menus will continue
until you reach a menu that is as “low level” as possible. When you choose an item
from one of these low level menus, the computer will then be prepared to accept
new information about a particular formatting feature.

Step 7:
After you type in the new information (usually a number), press the ENTER key.

Additional information for example participants that followed the previous text:

Here is an example. Suppose the line spacing of your document was double spacing,
and you wanted to change it to triple spacing. You would first select Line—format
from the menu that reads Line—format Page—format Tabs

and then you would choose “Spacing” from the menu that appears next.

When you choose “Spacing” you would then see the following information printed at
the bottom of the screen Enter line spacing (1, 2, or 3): 2

You would then press the ESC key, type a 3, and then press the ENTER key.
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Table 4 (continued)

Step 8:

Notice that now the main menu reappears at the bottom of the screen.

Step 9:

Press the ESC key once in order to make this menu disappear.

Step 10:

You are now finished making the format change.
Note though that the document on the screen might still look the same after you make
a format change; the format change would be seen if you printed out the document

on paper.

One general piece of advice is that if you are making a format change and want to
cancel the last step you did, press the ESCkey. END

Note. ESC = escape.

practice during the training phase was not suffi-
cient to help participants learn the notion of
connected menus but rather simply helped rein-
force a particular set of procedural steps.

Method

Participants. Participants were 60 (40 men and
20 women) college-aged students at the Georgia
Institute of Technology who received course credit.
As in Experiment 1, participants’ computer experi-
ence was confined to using word processing soft-
ware on a Macintosh.

Materials. Participants read instructions for the
following procedures: retrieving a document, chang-
ing the format of a document, inserting text, and
leaving a document. As in Experiment 1, each
procedure was broken into a series of screens.
Table 4 presents the instructions for making for-
mat changes.

The format instructions were identical for all
participants except for Steps 6 and 7 (see Table 4).
The principle briefly explained the notion of a
menu hierarchy, and the example demonstrated
how to change line spacing from double spaced to
triple spaced.

Procedure. The general procedure was similar
to that of Experiment 1. As in Experiment 1,
participants performed the tasks on an IBM PS/2
Model 80 computer. After being told that their
keystrokes would be collected and time-stamped
by the computer, participants were shown the first
document on which they were to work. They were
explicitly told that the tasks they would be doing
(other than inserting text and retrieving and exit-

ing documents) were format tasks. The docu-

ment’s name and the various changes that were to

be made were indicated on each document. Subse-
quent documents were similarly annotated.

Training phase. During the training phase, par-
ticipants changed the line spacing, margins, and
pitch three times each as well as doing insertion
tasks and document retrieval and exiting. The
three format tasks all involved choosing the Line—
format menu option and then choosing the rel-
evant items (spacing, margins, or pitch options)
from the resulting submenu.

The three training documents each required the
following tasks in order: (a) retrieve the document,
(b) change the line spacing, (c) insert a phrase, (d)
change the margins, (e) insert a phrase, (f) change
the pitch, and (g) exit the document. The rules for
reading and rereading instructions were the same
as in Experiment 1. Because of software difficul-
ties, reading times were not recorded.

Test phase. During the test phase participants
performed two types of format tasks three times
each. Each task was performed once in each of
three documents. These new tasks involved selec-
tion of a new item (Page—format) from the main
format menu. The first type of task involved
changing the spacing of the header of a document,
and the second involved changing the spacing of
the footer of a document. The structure for these
tasks was the same as those performed in the
training phase, but the top-level menu choice was
new, as were the resulting submenus.

Design. The between-subjects independent
variables were presence of a principle and an
example. These variables were crossed, forming
four groups of 15 participants each. The within-
subject variable was serial position and phase
(training vs. test). The dependent variable was
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time to perform each format task. Participants
performed a total of 15 format tasks.

Results

The time for each format task was determined as
follows. In the training phase, the time span was
measured from the time when the function key was
pressed until the new format value was typed. The
measure of time to do a task in the test phase
differed depending on whether the task was the
first one for a particular document. If the task was
the first one, then the time was measured from the
time when the function key was pressed until the
format value was typed. If the format task was not
the first one for a document, then the time span
was measured from the time when the prior format
task was finished until the value was typed for the
current task. This different measure was necessary
for test phase tasks because participants could
retain the format menu during all the format tasks

for a particular document because there were no
intervening insertion tasks.

Training tasks. Table 5 presents the time re-
quired by each group to do the various format
tasks. Several analyses were performed on the data
that were analogous to the analyses in Experiment
1. First, in order to examine whether there was an
effect of a principle or example on initial task
performance, I carried out an ANOVA on the
amount of time participants required to do the first
occurrence of each type of format task. On the first
line-spacing task, there was a significant effect of
principle, F(1,56) = 4.08, p = .048, MSE = 584.37,
and example, F(1, 56) = 5.58, p = .02. The
interaction of the two variables was not significant,
F(1, 56) = 1.47, p = .23. There was no effect of
principle, example, or their interaction for the
initial margin or pitch tasks (allp > .27).

Performance on the rest of the training phase
format tasks was analyzed with serial position as
the within-subjects variable and example and prin-

Table 5
Time to Perform Format Tasks in Experiment 2 (in Seconds)
Example No example
Task Principle  Noprinciple  Principle  No principle
Training phase
1st line spacing 36.99 42.04 4417 64.35
1st margins 37.56 36.62 40.33 46.30
1st pitch 28.36 28.69 27.48 27.91
2nd line spacing 24,31 25.56 21.82 2047
2nd margins 17.68 19.64 18.68 18.77
2nd pitch 18.17 18.13 18.87 19.37
3rd line spacing 13.83 14.87 13.67 12.19
3rd margins 15.64 14.98 16.67 17.73
3rd pitch 17.35 15.78 16.66 16.58
Average (2nd & 3rd
occurrence of each task) 17.83 18.16 17.73 17.52
Test phase

Spacing

1st header 22.19 30.22 26.99 33.83

1st footer 16.11 16.64 16.34 17.66

2nd header 13.78 14.91 10.76 14.31

2nd footer 17.61 17.70 17.43 17.22

3rd header 13.20 15.81 14.61 16.06

3rd footer 13.76 14.37 13.00 12.86
Average (2nd & 3rd occur-

rence of each task) 14.58 15.70 13.95 15.11

Note. n = 15 for each of the four samples.
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ciple as the between-subjects variables. There was
no main effect of principle, F(1, 56) = 0.0,p = .98,
MSE = 380.92, example, F(1, 56) = 0.03, p = .86,
or their interaction, F(1, 56) = 0.02, p = .90. There
was a significant effect of serial position, F(5, 280) =
10.99, p < .0001, MSE = 54.69. No interactions
with serial position were significant (all ps > .36).

Test tasks. An analysis of performance on the
first test task, changing the header spacing, re-
vealed an effect of principle, F(1, 56) = 5.90,p =
.02, MSE = 140.42. There was not a significant
effect from example, F(1, 56) = 1.89, p = .17, or
the interaction of principle and example, F(1, 56) =
0.04, p = .85. An analysis of performance on the
second test task, changing the footer spacing,
found no effect of principle, example, or their
interaction (all ps > .53).

Performance on the rest of the test tasks (the
second and third occurrences of the header and
footer spacing tasks) was analyzed with example
and principle as the between-subjects variables
and serial position as the within-subjects variable.
There was no main effect of principle, F(1, 56) =
0.86, p = .36, MSE = 89.58, example, F(1, 56) =
0.25, p = .62, or their interaction, F(1, 56) = 0.0,
p = .98. There was a significant effect of serial
position, F(3, 168) = 6.26, p = .0005, MSE = 34.51.
No interactions with serial position were signifi-
cant (all ps > .58).

Discussion

As predicted, performance on the initial format
task was aided by the presence of a principle and
an example. The remainder of the training tasks
were affected only by serial position. Taken to-
gether, these results suggest that the process of
completing the first task left participants with
similar representations for carrying out the rest of
the training tasks. The speed-up over the rest of
the tasks is a reasonable effect of practice.

When participants were faced with their first
novel task in the test phase, those who studied the
principle were again the fastest performers, as had
been predicted. This is consistent with the hypoth-
esis that the principle helped these participants to
reason more effectively about how to carry out a
novel aspect of the task, namely, finding the
appropriate menu. Although a formal measure
was not taken, observation of participants sug-
gested that the difficulty faced with the first header-

spacing task was finding the appropriate menu
path (starting with Page—format). Principle partici-
pants tended to begin to explore the menu struc-
ture sooner than the no-principle participants.
There was no effect of principle when participants
performed the first footer-spacing task, probably
because most of them noticed the relevant footer
menu item when they found the header menu
item.

Finally, performance on the remainder of the
tasks showed an effect only of practice. Again this
is consistent with the interpretation that during the
process of successfully completing a task, learners
are likely to form a representation that will allow
them to perform the same tasks successfully in the
future.

General Discussion

Prior work has suggested that instructions writ-
ten at a level general enough to apply to a wide
variety of tasks have the benefit of helping people
apply the procedure to later unfamiliar tasks.
However, their disadvantage is that they are hard
to apply initially compared with instructions tai-
lored to specific tasks (Catrambone, 1990). The
current study was designed to examine whether the
use of principles and examples can help people use
general instructions more effectively.

It was conjectured that an example could aid
initial performance because learners have been
frequently shown to be quite good at applying an
example to a simiiar problem (e.g., Catrambone,
1994; Reed et al., 1985). However, people typically
have difficulty generalizing examples. Thus, it was
unclear whether when general instructions were
combined with examples, the result would be more
a function of the strengths or weaknesses of these
two types of information.

The benefits of a principle were hypothesized to
manifest themselves in initial start-up as well as
transfer. However, given that prior work had found
that general instructions supported transfer, it was
unclear whether a principle could improve perfor-
mance further.

The results indicate that both a principle and an
example aid the application of a general procedure
to an initial task, and there appears to be no
interaction between these factors. The presence of
an example that matches the initial task appears to
aid performance more than an example that does
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not match the initial task. In addition, the presence
of an example does not appear to retard transfer to
later, novel tasks. The fact that the combination of
general instructions with an example leads to
superior initial performance without hurting trans-
fer suggests that the strengths of these two informa-
tion sources dominate their weaknesses when they
are combined. In addition, participants receiving a
principle were aided in transfer to novel tasks,
suggesting that even the relatively good transfer
produced by general instructions can be enhanced
by the presence of a principle. Finally, the reading
time results from Experiment 1 indicate that add-
ing principles and examples to general instructions
does not have to lead to longer overall reading
times.

The present study serves as a demonstration
that general instructions can be improved through
the addition of examples and principles. This
demonstration was by no means a foregone conclu-
sion given prior work, for instance, on the transfer
difficulties that examples can cause. Nevertheless,
detailed guidelines for creating general instruc-
tions, examples, or principles cannot be created
based on the present work.

It is speculated though that as instructions move
more toward generality, the importance of prin-
ciples and examples in improving start-up perfor-
mance is likely to increase. The attempt to create
the materials for the study made it clear that it is
crucial when writing documentation to consider
the cases that one feels belong to the same task
category. This decision will affect how general the
resulting general instructions should be: For in-
stance, is highlighting a task? Is deleting a word a
task? Is deletion a task? Is text manipulation a task?
The answers to these questions will remind writers
to keep checking whether the instructions being
created are at least formally sufficient (as mea-
sured perhaps by a production rule analysis) to
accomplish all instances of the task that they can
reasonably imagine.

Implications for Models of Procedural Learning

The results from this study have implications for
the procedural representations learners form from
instructions and from actually doing tasks. It ap-
pears that although manipulations to instructions
can affect initial task performance, the fact that
learners with and without a principle or example

performed similarly on subsequent similar tasks
suggests that a representation for the procedure,
or a revision of the original representation, is
formed once the initial task is carried out. This
new representation controls performance on tasks
that are similar to the initial task. This speculation
is consistent with the present results, as well as the
results of Ross and Kennedy (1990) who found
that learners seem to form a generalization when
they apply an example to a new problem and then
use this generalization for later tasks.

The suggestion that learners rely on the represen-
tation of the procedure formed while doing the
first task is also consistent with the notion of the
formation of a situation model from an initial text
base (Kintsch, 1986). The text base is the represen-
tation a learner forms while initially reading a text,
whereas the situation model is a representation of
the situation described in the text. With respect to
the present study, the text base would be the
representation formed from the instrutions, and
the situation model might be the representation
resulting from applying the instructions to the
initial tasks. Kintsch (1986) argues that people use
the situation model in order to perform tasks such
as inferencing. The present results indicate though
that when the situation model does not sufficiently
support inferencing for a novel task, learners can
still access the text base for help.

Implications for Design of Instructions

Instructions written at a general level have the
benefit of being shorter because they do not need
to cover many specific cases. This is an appealing
feature to users because they usually dislike read-
ing large amounts of instructional material (Mack
et al., 1983). However, the danger is that the
general instructions will be difficult to use initially
because the user will not be given the exact steps
for each situation. The results of the present study
indicate that this difficulty can be reduced through
the use of examples and through the use of
principles that aid inferencing. In addition, general
instructions augmented with principles could lead
to better performance on later tasks because the
principle might help the learner avoid forming
incorrect associations between superficial details
of specific instructions and the more basic rules for
interacting with the device.

The fact that overall reading time was not
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significantly increased by the additional text re-
quired to provide the principle and example in
Experiment 1 provides added incentive for the
documentation approach outlined above. Obvi-
ously, if enough text is added in order to provide a
principle or example, reading time must increase
at some point. Perhaps parameters can be derived
to guide one’s determination of when the increase
in reading time is likely to be greater than time
saved in performing initial tasks.

Future Work

The experiments presented here were neither
designed to test detailed hypotheses concerning
how principles and examples aid the application of
general instructions nor specific ways of construct-
ing principles or examples. For instance, it may be
the case that general instructions benefit from
principles as a function of the ambiguity of the
steps. Steps might be ambiguous because of the
nature of the domain and the variety of tasks that
the instructions cover. However, users may some-
times perform better with a well-written minimal-
ist set of instructions if ambiguity can be controlled
(Carroll, Smith-Kerker, Ford, & Mazur-Rimetz,
1987-1988). Conditions favoring minimal versus
more detailed instructions can possibly be derived
from models of procedural learning (e.g., Ander-
son, 1983; Kieras & Bovair, 1986).

Another issue for future work rests on Kieras
and Bovair’s (1984) suggestion that one-way men-
tal models can be useful is when they provide a
mechanism to help learners infer a procedure. A
study that systematically manipulates the number
of steps in a procedure and the number of those
steps that can be inferred from a given principle or
mental model would provide evidence for the type
of situations in which principles would be most
useful in helping users comprehend instructions.

The construction of instructions and the prin-
ciples and examples that could be included in them
would presumably benefit by constraints devel-
oped through the application and development of
models of human cognition. The general instruc-
tions used in the present experiments were devel-
oped from a set of production rules used to model
the knowledge needed to carry out tasks with a
particular word processing program (Catrambone,
1990). However, the principle and examples were
created from the researcher’s intuitions and famil-

iarity with the mental model and problem-solving
literatures. Continuing work may focus on develop-
ing a systematic approach for the design of prin-
ciples and examples and their integration into
instructions.
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