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Abstract

Research has shown that learning from worked-out examples is of major
importance for initial skill acquisition in well-structured domains. In
particular, learners profit from this learning mode when they actively explain
the solution steps presented in the examples to themselves ("self-explanation
effect"). Recent studies, however, have revealed that learning solely on the
basis of self-explanations is connected with several restrictions, even when
effective self-explaining is trained or elicited. Thus, a model for integrating
instructional explanations into learning via self-explanations was developed
(SEASITE model; Self-Explanation Activity Supported by InsTructional
Explanations). In the present empirical study, it was investigated to what
extent the learners' self-explanation activities could be effectively backed up
by instructional explanations that were designed according to the SEASITE
model. An experiment with a control group (without instructional
explanations; 20 student teachers) and an experimental group (with
instructional explanations; n = 28) was conducted. The findings showed that
the instructional explanations were used only to a moderate extent and that
learners with a low level of prior knowledge were the primary users of this
type of explanation. Despite this differential use, it was found that the learning
outcomes were fostered by the instructional explanations irrespective of the
learners' prior knowledge. It was concluded that the overall rationale of the
SEASITE model is reasonable. Nevertheless, it seems sensible to look for
possibilities of inducing more frequent use of the instructional explanations in
order to obtained stronger effects on learning outcomes.
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WORKED-OUT EXAMPLES:
INSTRUCTIONAL EXPLANATIONS SUPPORT

LEARNING BY SELF-EXPLANATIONS

Worked-out examples consist of a problem formulation, solution steps and the
final solution itself. Research has shown that learning from such examples is of
major importance for the initial acquisition of cognitive skills in well-
structured domains such as mathematics, physics, and programming (for an
overview see Reimann, 1997; VanLehn, 1996). In addition, this learning mode
is preferred by novices, and they are right: It is quite an effective way of
learning. Zhu and Simon (1987) found that their carefully designed and
sequenced mathematical examples were sufficient to induce skill acquisition
and abstract problem representations without providing explicit instruction.
Studies performed by Sweller and his colleagues (e.g., Sweller & Cooper, 1985;
for an overview see Sweller, van Merrienboër, & Paas, 1998) showed that
learning from worked-out examples can be more effective than learning by
problem solving.

Although worked-out examples have significant advantages, their
employment as a learning methodology does not, of course, guarantee
effective learning. First, it is important how the examples are structured (cf.
Atkinson, Derry, Renkl, & Wortham, under review). Second, the extent to
which learners profit from the study of examples depends heavily on how
well they explain the solutions of the examples to themselves (Chi, in press;
Chi, Bassok, Lewis, Reimann, & Glaser, 1989). The second aspect is the focus of
this study. More specifically, this article investigates a way to support the
learners' self-explanation activities by the provision of instructional
explanations.

Before the corresponding study is described, the most important
research findings on the significance of self-explanations and on possible ways
of fostering them are reported. This is followed by the development of a model
for the design of a learning environment in which instructional explanations
support self-explanations (SEASITE model; Self-Explanation Activity
Supported by InsTructional Explanations).

The Significance of Self-Explanations in Learning from Worked-Out
Examples

Chi et al. (1989) showed that the extent to which learners profited from the
study of worked-out examples depended on how well they explained the
rationale of the presented solutions to themselves. This was called the “self-
explanation effect.” Specifically, the successful learners as compared to those
who were less successful could be characterized as follows: (1) The successful
learners devoted more time to the study of the worked-out examples. (2) They
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more frequently elaborated on the application conditions and goals of
operators. (3) They more frequently related operators to domain principles
(principle-based explanations). (4) They less frequently had illusions of
understanding. Pirolli and Recker (1994) replicated these results.

In the study of Chi et al. (1989), the successful and the unsuccessful
learners differed with respect to both quantitative (learning time) and
qualitative (quality of the self-explanations) aspects. For this reason, Renkl
(1997a) fixed the learning time for each individual in his study so that the pure
impact of qualitative differences in self-explanation activities could be isolated.
It was found that the quality of self-explanations was significantly related to
learning outcomes even when learning time was kept constant. Specifically,
the successful and the unsuccessful learners differed with respect to the
following main points: (1) The successful learners frequently assigned
meaning to operators by identifying the underlying domain principle
(principle-based explanations). (2) They frequently assigned meaning to
operators by identifying the (sub-)goals achieved by these operators
(explication of goal-operator combinations). (3) They tended to anticipate the next
solution step instead of looking it up (anticipative reasoning). (4) The less
successful learners explicated a greater number of comprehension problems,
that is, they had metacognitive awareness of their own learning difficulties
(metacognitive monitoring). This latter finding diverged from the results of Chi
et al. (1989). Probably in contrast to the learners in the investigation conducted
by Chi et al. (1989), the learners in Renkl’s study very often could not resolve
their comprehension impasses as informal observations indicated. The latter
learners would have needed external support.

In addition, Renkl (1997a) found that the successful learners frequently
did not provide all of the types of self-explanations that were positively
related to learning outcomes. A cluster analysis showed that there were two
types of successful learners. Principle-based explainers concentrated their self-
explanation efforts on the assignment of meaning to operators, both by
principle-based explanations and by explicating goal-operator combinations.
They did not frequently anticipate solution steps. This was extensively done,
however, by the anticipative reasoners, who refrained from many principle-
based explanations and from the frequent explication of goal-operator
combinations. In sum, there were two ways utilized in successful learning.

Besides these two types of successful learners, there were two groups of
unsuccessful ones: passive and superficial explainers (for details see Renkl,
1997a). The passive explainers’ poor learning outcomes could be explained by
the very low level of self-explanation activity. Superficial explainers, on the
other hand, assigned relatively little time to each worked-out example.
Although they were moderately successful they explicated few
comprehension problems. With respect to their deficient metacognitive
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awareness of their learning difficulties, the superficial explainers resembled
the less successful learners described by Chi et al. (1989).

It is important to note that most learners belonged to the unsuccessful
groups. Given these deficits, it is important to search for instructional
interventions in order to foster self-explanation activities and, as a
consequence, learning results. Several researchers have already published
reports about experiments in which self-explanations were successfully
fostered. These studies did not, however, concentrate on (pure) learning from
worked-out examples (Bielaczyc, Pirolli, & Brown, 1995: text and examples;
Chi, DeLeeuw, Chiu, & LaVancher, 1994: text; Neuman & Schwarz, 1998:
problem solving). An exception is the work of Conati and VanLehn (Conati,
1999; Conati & VanLehn, 1999) who supported learning from worked-out
examples by a fairly sophisticated computer-based intelligent tutor. It
contained templates which were to be filled in by browser items (physics rules
or sub-goals in a solution plan) as "building blocks" of self-explanations. In
addition, the tutorial component gave hints as to which aspects needed further
self-explanations. Contrary to expectation, however, this tool did not foster
learning gains in a first empirical evaluation study (except that some sub-
groups could be identified post hoc as profiting from the tool, Conati, 1999).

In the following section, two experiments that investigated effective
ways to enhance self-explanations during example study, and consequently
learning outcomes, are discussed.

Fostering Self-Explanations and Learning Outcomes

The findings of Renkl (1997a) suggest that there are two ways of learning
successfully from worked-out examples: (a) via the assignment of meaning to
operators by principle-based explanations and by the explication of goal-
operator combinations; (b) via the anticipation of solution steps. In each of the
following two studies, one of these two successful ways was analyzed
experimentally.

Renkl, Stark, Gruber, and Mandl (1998) addressed the finding of Renkl
(1997a) that some effective learners frequently assign meaning to operators,
both by principle-based explanations and by explicating goal-operator
combinations. They tested experimentally the extent to which an elicitation
procedure for fostering the explication of goal-operator combinations and
principle-based explanations enhances the acquisition of skills in the
computation of compound interest and real interest. (In addition, the effects of
example variability were investigated; this is not, however, relevant in this
context.) In an experimental group, the learners were informed about the
importance of self-explanations. Then a model on how to self-explain was
presented to the participants in the experimental group. Subsequently, they
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self-explained a worked-out example, coached by the experimenter. Finally,
the participants independently learned from worked-out examples, just as the
members of the control group had done. The latter merely received a thinking-
aloud training instead of a self-explanation training. The learning outcomes
were measured by near-transfer problems (in comparison to the examples
presented for learning: same underlying structure, different surface features)
and far-transfer problems (changed structure and changed surface features).

The following main findings were obtained. The elicitation procedure
had a very strong effect on self-explanation activities (Renkl, Stark, Gruber, &
Mandl, in press). As a consequence, learning outcomes were enhanced with
respect to near-transfer and far-transfer performance. In the case of near-
transfer, the positive effect of the elicitation procedure was primarily caused
by the learners with low prior topic knowledge (aptitude-treatment
interaction). Only these persons profited substantially from this instructional
support (Renkl et al., 1998).

Despite the encouraging results of this experiment, the effects of the
elicitation procedure were not totally satisfying. Qualitative analyses of the
learners’ verbal protocols revealed that there were three major problems: First,
although the elicitation procedure was successful in increasing the number of
self-explanation elements, the quality and correctness of the self-explanations
were far from optimal in many cases. Second, some learners processed the
examples rather passively and superficially, although they were supported by
the elicitation procedure. Thus, in some cases, the instructional intervention
was not successful. Third, some learners had substantial comprehension
problems, irrespective of whether they were supported by the elicitation
procedure or not. Hence, the difficulties of weak learners already found in
Renkl (1997a) could be diminished, but not eliminated. These problems
demonstrate the necessity of searching for further instructional methods in the
effort to optimize learning from worked-out examples.

In his dissertation project, Stark (1999) took up the finding of Renkl
(1997a) that one group of successful learners concentrated their efforts on the
anticipation of solution steps. He investigated the extent to which the insertion
of “blanks” that, in a certain sense, forced the learners to determine
(anticipate) the next solution step on their own fostered learning. It was
assumed that this activates the learners so that they process the examples
more actively (see also Reimann's assumptions on expectation-driven example
processing; Reimann, 1997; Reimann, Schult, & Wichmann, 1993). In addition,
elements of active problem solving were integrated into learning from
examples by forcing the learners to anticipate (Renkl, 1997a; Stark, 1999).
Hence, the learners could gain metacognitive knowledge about the extent to
which they were already able to solve problems. This should reduce the
frequently found “illusions of understanding” (cf. Chi et al., 1989; Pirolli &
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Recker, 1994). In addition, the learners began to do what they were ultimately
expected to do, namely, to solve problems (i.e., to generate solution steps).

In his experiment, Stark (1999) employed the worked-out examples,
instruments, and materials of Renkl (1997a) in slightly modified versions. The
examples were presented successively, that is, in a step-by-step procedure.
Half of the participants studied incomplete examples (experimental group),
the other half learned from complete examples (control group). In the
experimental group, parts of the example solutions presented were replaced
by “question marks.” The learners were to name what was missing. After
doing that or at least making the attempt, the complete solution step was
presented so that there was feedback on the correctness of the learners’
anticipation.

It was found that the employment of incomplete examples fostered
performance on problems with the same structure but changed surface
features (defined as near-transfer), and on problems with changed structure
but similar surface features (medium-transfer). In addition, incomplete
examples fostered the performance on a construction task in which the
learners were required to design a probability problem with a certain
underlying structure. The learners who studied incomplete examples also
performed better on far-transfer problems (changed structure and surface
features). This difference did not, however, reach the level of statistical
significance. Aptitude-treatment interactions were not found in this study.
This means that, in contrast to the results of Renkl et al. (1998), the effects of
incomplete examples were independent of the learners’ cognitive
prerequisites.

Protocol analyses of the self-explanations in both groups showed that
incomplete examples significantly fostered the quality of self-explanations.
Nevertheless, the self-explanations of the learners studying incomplete
examples were far from optimal. The problems of unresolved comprehension
impasses and of the occurrence of incorrect self-explanations were again
found, just as in the studies described above. Hence, a lot could and should be
done to improve the quality and correctness of the learners’ self-explanations
further.

Self-Explanation Activity Supported by InsTructional Explanations:
The SEASITE model

The instructional means that were chosen in order to foster learning from
worked-out examples were successful with respect to the enhancement of
learning outcomes. However, even when instructional interventions were
employed, the quality of self-explanations was far from satisfying. These
limitations are probably inherent in learning arrangements in which learners
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are totally dependent on their self-explanation activities. In order to improve
learning from worked-out examples further, it is reasonable to look for fruitful
possibilities that combine self-explanation activities with explanations from
others such as tutors or teachers (in the following shortly: instructional
explanations; see also Renkl, 1999).

So far we have focussed on self-explanations and attempts to improve
them. Explanations from more knowledgeable persons (e.g., teachers or tutors)
were not considered, although they dominate traditional forms of instruction.
The major reason for this was that empirical results indicate that instructional
explanations are very often ineffective and inferior to self-explanations (e.g.,
Brown & Kane, 1988; Chi, 1996). Instructional explanations as compared to
self-explanations have at least three main disadvantages that help to explain
these findings (see Figure 1): (a) Non-adaptation to the learner’s prior knowledge.
Instructional explanations are very often not adapted to the prior knowledge
of the individual learner with the result that the learner cannot understand
them. Self-explanations, in contrast, are constructed out of the learner’s prior
knowledge; hence, they are necessarily adapted. (b) Timing. Some research
findings suggest that a learner profits from instructional explanations only
when s/he integrates them into an ongoing activity such as problem solving
or reasoning about something (cf. Neber, 1995, Webb, 1992). Whereas self-
explanations are an integral part of ongoing learner activities, it is no small
task to assure appropriate timing for instructional explanations. (c) Generation
effect. Many studies on human memory have shown that self-generated
information is better remembered than presented information. Thus, self-
explanations should be better remembered than instructional explanations (see
also Lovett, 1992).

The findings of the studies reported above show, however, that relying
only on self-explanations also has serious implications in three respects (see
Figure 1): (a) Correctness. Self-explanations are often only partially correct or
even incorrect. This can lead to the construction of incorrect knowledge that, at
worst, can severely impede further learning (see also Conati, 1999; Conati &
VanLehn, 1999). Instructional explanations, by contrast, are in the great
majority of cases correct. (b) Solving comprehension problems. When confronted
with new content, learners frequently have comprehension impasses that they
cannot resolve on their own. External help is sometimes necessary to
overcome problems in understanding. (c) Comprehension monitoring. Learners
have the metacognitive problem that they frequently have the illusion of
understanding when explaining the solutions of worked-out examples to
themselves (see above). As a consequence, they do not try to deepen their
understanding further although this would be necessary for effective learning.
Instructional explanations can show the learners, at least in some cases, that
they do not yet have a sufficient understanding.
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Self-explanations Instructional
explanations

Adaptation to prior
knowledge

YES Uncertain

Timing FAVORABLE Uncertain

Generation effect YES No

Correctness Uncertain GIVEN

Solving comprehension
problems

Difficult MEDIUM

Comprehension monitoring Unfavorable MEDIUM

Note. Capital letters: More favorable features of self-explanations or
instructional explanations respectively.

Figure 1
Advantages and Disadvantages of Self-Explanations and Instructional

Explanations

With respect to these points, instructional explanations can be helpful.
They can effectively support the learners’ knowledge-construction activities.
Thus, a challenging task is to find ways to combine self-explanations and
instructional explanations in a way that combines their respective advantages.
Based on this theoretical reflection, an instructional model called SEASITE has
been developed. According to this model, an arrangement for learning from
worked-out examples should satisfy the following two criteria:

(1) As much self-explanation as possible, as much instructional explanation as
necessary. It is desirable that the learners actively elaborate the examples by
self-explanations that are necessarily constructed out of their own prior
knowledge base, integrated into ongoing cognitive activity (timing) and self-
generated (see above). Furthermore, they should acquire the competence to
learn effectively from worked-out examples in a self-regulating way. Thus, the
learners should rely on self-explanations as much as possible. Instructional
explanations should only be provided when the learners are not able to
understand the learning content on their own (solution of comprehension
problems) or when they are not sure about the correctness of their self-
explanations (correctness; see above).

(2) Provide feedback. The learning arrangement should be designed in a
way that will substantially reduce the learners’ illusions of understanding
frequently found in these studies (comprehension monitoring). For this
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purpose, some intrinsic or extrinsic feedback should be available. As explained
above, the employment of incomplete examples is one possible way of
heightening the learners’ metacognitive awareness of their comprehension
problems (see Stark, 1999). The provision of instructional explanations is, of
course, another instructional means that can fulfil a feedback function.

Besides the two criteria that apply generally to such a learning
arrangement, several principles for the design of instructional explanations
can be formulated:

(1) Provision on learner demand. Instructional explanations should be
presented on learner demand. This should ensure that the instructional
explanations are appropriately timed and are actually used in the ongoing
knowledge-construction activities of the learners. Provision of explanations on
learner demand can best be implemented in a computer-based learning
program.

(2) Minimalism. Explanations that are integrated in help functions of
computer programs are often not used (Mandl, Gruber & Renkl, 1992; Hofer,
Niegemann, Eckert & Rinn, 1996). This can be attributed to the fact that they
often distract too much from the content presently focussed on because they
are too long, too redundant, and too labor-intensive to process (cf. also Carroll,
1990). Furthermore, Conati and VanLehn (1999) found that "building blocks"
that were provided for to construct self-explanations were ignored when they
were too verbose. For these reasons, it is sensible to design very minimalist
instructional explanations. This argument was backed up by pilot studies (see
Footnote 1).

(3) Progressive help. Of course, it is extremely important that the
explanations are formulated in a way that will make them accessible to the
learners. Another important point is that instructional explanations should not
be “over-extensive” and tell the learners things that they already know or that
they do not need to know in the immediate instance. This is another reason to
design explanation in a minimalist way. More extensive explanations should
only be provided when a lack of prior knowledge renders this necessary
(adaptation to prior knowledge).

(5) Focus on principles. With respect to the content of instructional
explanations, it is argued that their focus should be on the underlying
principles of the respective content (sub-)domain. This claim is supported by
the significance of principle-based explanations when studying worked-out
examples (e.g., Chi et al. 1989; Renkl, 1997b). Furthermore, as Alexander (1997)
argues, learning progress from a novice stage to the stage of competence is
generally characterized by the development of a principle-based
understanding. In addition, a principle-based understanding is especially
important for learning in well-structured domains such as mathematics
(Hiebert, 1986; Renkl & Helmke, 1992; Steiner & Stoecklin, 1997) where the
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acquired knowledge should not be (as is very often the case) inert, but flexibly
transferable (Renkl, Mandl & Gruber, 1996).

In the present study, it was investigated to what extent learning from
worked-out examples can be fostered by the implementation of the principles
included in the SEASITE model. An open question is whether all learners
profit to the same extent from such an arrangement or whether it is of special
use for learners with a low level of prior knowledge. These may have more
difficulties in their self-explanation efforts, as compared to the learners with
more advanced prior knowledge, and may therefore more often rely on the
instructional explanations. This might lead to an aptitude-treatment effect:
Learners with a low level of prior knowledge profit from the provision of
instructional explanations in particular.

Research questions

The goal of this study was to investigate the extent to which the provision of
instructional explanations--designed according to the SEASITE principles--
fosters learning from worked-out examples via self-explanations. Specifically,
the following research questions were addressed:
1 To what extent are the instructional explanations used by the learners?
2 Does the extent of use depend on the prior knowledge level?
3 Does the provision of instructional explanations foster learning, as

expected?
4 Does the effectiveness of the explanations vary depending on the

required transfer distance?
5 Do the learners with low prior knowledge profit especially from the

instructional explanations?

Methods

Sample and Design
In this study, 48 student teachers volunteered to take part. They received DM
25 for participation. They learned probability calculation from incomplete
worked-out examples (cf. Stark, 1999) under two different conditions. In the
experimental group, the opportunity was provided to receive instructional
explanations while studying the examples (n = 28). In the control group, the
learners were left to their own devices during example study (n = 20). More
participants were included in the experimental group in order to get not a too
small sample size when only the data of the experimental participants were to
be analyzed (see Research Questions 1 and 2).
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Procedure
The participants worked in individual sessions of about two hours. First, a
pretest on prior knowledge in probability calculation was presented. In order
to provide or re-activate basic knowledge that allowed the participants to
understand the worked-out examples, an instructional text on basic principles
of probability calculation was given to the participants. The comprehension of
these basic concepts was assessed by a criterion-referenced test which was
evaluated immediately. If there was a wrong answer, the experimenter gave a
semi-standardized explanation and had the participant re-read the
corresponding text passage. After this procedure, the participants were
informed that they had to study the worked-out examples for 45 minutes. In
this phase, the experimental variation took place (with and without
instructional explanations). The participants were instructed to think aloud
during this period. Finally, the participants worked on a short questionnaire
on motivation (not included in this article) and on the post-test.

Instruments and Materials
The instruments and materials are described according to their temporal
sequence in the experimental sessions.

Pretest. Nine relatively simple probability calculation problems were
employed as a pretest (e.g., "If you play the dice twice, what is the probability
of two sixes?"). One point was awarded for each correct item solution. We
determined a Cronbach Alpha of .75.

Instructional text. An instructional text that has been tried and tested in several
prior studies (e.g., Renkl, 1997a, 1997b) was employed. It provided basic
knowledge for the study of the worked-out examples, contained about 700
words (including formulas) and a diagram to illustrate the addition principle
in probability calculation (see below). The following principles were explained
in a fairly abstract manner: definition of probability (p[target events] = n[target
events] / n[all possible events]), multiplication principle for independent
events (p[A and B] = p[A] * p[B]), addition principle (p[A and/or B] = p[A] +
p[B] - p[A and B]), principle of complementarity (p[non A] = 1 - p[A]). The
worked-out examples and the test items were based on these principles of
probability calculation.
Description of the learning program. A learning program was employed that has
been originally developed by Renkl (1997a), modified by Stark (1999), and
finally adapted to the present needs. It presented worked-out examples from
the domain of probability calculation (see Figure 2). After some initial
complete examples, blanks (in form of "?"s) were inserted into the solutions.
The problem specification and the solution steps of each worked-out example
were shown on four or five screen pages. On the first page, the problem givens
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were displayed. The learner could read them and then go to the next page
(Figure 2 shows one such page). In the case of the first four examples, which
were complete ones, the first solution step was presented in addition to the
problem formulation on the second page. After inspecting this solution step,
the participants proceeded to the following page where the next solution step
was added, and so on. When the whole solution of a problem was presented,
the first page of a new example followed on the next page. After four complete
examples, the learners were "forced" to calculate the next solution step on their
own (or at least to make an attempt to do so) because a "?" appeared instead of
the numerical value. When the learners went to the next page, the complete
solution step was presented so that there was feedback on the correctness of
the learners’ anticipation (see Figure 2).

Figure 2.
Example of a Page from the Learning Program for the Experimental Group
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The participants were allowed to regulate the processing speed of the
worked-out examples on their own. An external pacing control, for example,
by fixing the presentation time for each page, would have interfered with the
learners' strategies and would have diminished ecological validity. However,
in order to keep the time-on-task for each participant constant, a study time of
45 minutes was fixed. Thus, when 45 minutes were up, the next mouse click on
"Next" caused a "Thank you" screen to appear. The participants were informed
about this procedure in advance.

Individual differences in processing speed caused the number of
examples (pages) inspected by different participants to vary. In order to
preclude the pitfall that the faster participants acquired a broader knowledge
base through the inspection of further examples with different underlying
structures, only four types of underlying structures were used. By setting a
time span of 45 minutes, it was ensured that every participant would process
more than the first four problems and thereby encounter each type of
underlying structure. Hence, faster participants were confronted with many
examples containing new surface features (i.e., new numbers, new objects), but
not new underlying structures.

Figure 3
Example of a first minimalist Explanation
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A feature that was installed in the program version of the experimental
group only was an "Explanation" button (see Figure 2) that the learners could
use. It caused a very minimalist explanation1 to appear consisting only of the
probability principle which was relevant to the actual solution step (see Figure
3).

When the learners evaluated this hint as sufficient in order to continue
in their self-explanation activities they could click on the "Back" button to
return to the example. The other possibility was to request more extensive
support ("More help" button). In this case, it was showed how the elements of
the worked examples matched the formula elements and how the probability
could be determined (see Figure 4). In the program version of the control
group, it was not possible to request any explanation or help.

Figure 4.
Example of a more Extensive Explanation

                                                       
� Preliminary versions of the instructional explanations were tested in pilot studies.

Participants (n = 6) were interviewed about how the explanations could be improved in their
opinion. Although we tried to write brief explanations right from the beginning, the
participants proposed shortening them further.



RENKL     16

Post-test. The post-test consisted of 13 items. One item was a relatively simple
problem such as those employed in the pretest ("warm up"). The other 12
items were constructed according to the following rationale: Four items were
identical to the first four worked-out examples with respect to the underlying
structure, but the surface features were changed (i.e., objects, numbers); four
items had similar surface features, but the underlying structure was changed;
four items had a different structure and different surface features (they were,
however, also based on the probability principles introduced in the
instructional text). For the correct solution of a post-test item, two points were
awarded. If at least half of the solution was correct, one point was dispensed.
Computational errors which very occasionally occurred were ignored.

The first item and the four items with the same underlying structure
were aggregated to a score of near transfer (Cronbach Alpha: .75). All eight
problems with changed underlying structure constituted a scale of far transfer
(Cronbach Alpha: .77). For the post-test as a whole a Cronbach Alpha of .86
was determined.

Results

Use of the instructional explanations
In this section, Research Questions 1 and 2 were answered. For this purpose,
only the data of the experimental group were used (remember that the control-
group participants could not use instructional explanations).

Figure 5.
Use of the Instructional Explanations: Frequencies
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 Figure 5 shows that 7 learners infrequently called up the instructional
explanations; three persons never used them and four persons demanded
them only once or twice. 8 learners showed three to five episodes in which
they called up instructional explanations. A relatively high frequency of use
was shown by 13 learners (more than 6 episodes). The maximum was 21. On
the average, the explanations were used 7.04 times (SD = 5.80).

Expressed as time spent on the pages providing the instructional
explanations (see Figure 6), 8 learners spent less than 1 min. and 6 learners less
than 2 min. of the learning period (45 min.) on the explanation pages. 14
participants devoted more than 2 min. to the study of the instructional
explanations. The average time spent on the explanation pages was 147.64 sec.
(SD = 108.17).

Figure 6
Use of the Instructional Explanations: Time Spent on the Corresponding Pages

Looking only at the more extensive explanations, an average use
frequency of 2.96 (SD = 2.97) was found. This means that in about 38% of the
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them up three or more times. Looking at the time spent on the pages with the
extended explanations, we obtained a mean of 86.50 sec. (SD = 78.37).

The use of the instructional explanations could be predicted by the
learners' prior knowledge (pretest). Learners with a low level of prior
knowledge tended to use the explanations more frequently (all episodes: r = -
.52; p < .05; extended explanations: r = -.44; p < .05) and more extensively (time
for all episodes: r = -.41; p < .05; time spent on extended explanations: r = -.31;
p < .10).

To sum up, the data on the use of the instructional explanations showed
that they were actually used, although not very frequently or very extensively.
About half of the learners showed minimal use of the explanations. They were
mainly requested by the learners with a low level of prior knowledge.

The effects of instructional explanations on learning
This section is devoted to Research Questions 3 to 5. The control and the
experimental group did not significantly differ with respect to prior
knowledge (control: M = 5.80, SD = 2.31; experimental: M = 6.71; SD = 1.84;
t(46) = 1.52, p > .10).

Table 1
Means and standard deviations (in brackets) of the learning outcomes in the

control and the experimental group
                                                                                                                                    

Control group Experimental group Effect size (d)

                                                                                                                                    

Post-test (total) 42.50 (21.19) 53.71 (23.30) .50

Near transfer 54.50 (26.25) 63.93 (28.85) .34

Far transfer 35.00 (20.22) 47.32 (22.85) .57

                                                                                                                                    
Note. The means correspond to the percentage of points in relation to the
theoretical maximum.

As Table 1 shows, the learners who were given the opportunity to rely
on instructional explanations (experimental group) were significantly more
successful in the post-test than the participants who were left to their own
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devices (t(46) = 1.71; p < .05; one-tailed). Whereas the control-group learners
attained 43% of all possible post-test points, the corresponding score in the
experimental group was 54%. The effect size of 0.50 indicates moderate
practical significance. As separate analyses with respect to near and far
transfer showed, the effects were primarily due to the performance on far-
transfer problems (changed underlying structure). Here, a medium effect size
was found (t(46) = 1.93; p < .05; d = 0.57). In the control group, the learners
obtained on average about one third of the available points. The experimental
participants reached almost half of the theoretical maximum. The small effect
on near transfer in favor of the experimental group did not reach the level of
statistical significance (t(46) = 1.16; p > .10; d = 0.34). The lack of statistical
significance is not due to a ceiling effect. Even the learners in the experimental
group attained on average "merely" 64% of the possible points although these
post-test problems were structurally identical to the examples presented for
learning.

Tests of interaction effects between prior knowledge and instructional
condition with respect to the outcome variables (post-test as a whole, near
transfer, far transfer) yielded no significant results (all Fs < 1). Thus, there was
no evidence that primarily learners with a low level of prior knowledge
profited from the provision of instructional explanations.

Discussion

The results of the present study can be summarized as follows. The
instructional explanations were used only to a moderate extent. They were
primarily called up by learners with a low level of prior knowledge. Despite
this differential use, it was found that the learning outcomes were fostered by
the instructional explanations irrespective of the learners' prior knowledge.

These findings indicate that the construction and implementation of the
instructional explanations in the present learning program are based on sound
principles. Thus, the SEASITE model is affirmed. Of course, it cannot be
claimed that the validity of each and every principle (primacy of self-
explanations, focus on domain principles, provision on learner demand, and
so on) is reaffirmed. Nevertheless the overall rationale seems to be sensible.

How can it be explained why the learners with a low level of prior
knowledge primarily used the instructional explanations, but did not profit
more from them than the others? It might be argued that low prior knowledge
probably impedes not only learning from the worked-out examples, but also
effective processing of explanations. Thus, a learner with favorable
prerequisites can profit more from a small number of episodes in which the
explanations are effectively processed than a learner with many readings of
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instructional explanations who has difficulty in integrating them into his or
her ongoing self-explanation activities.

It should be emphasized that the enhancement of the learning outcomes
was not achieved by an instructional agent's active guidance (e.g., teacher,
tutorial module), but, more indirectly, by structuring the learning situation in
a way that supported self-regulated elaboration of the learning materials (self-
explanations). On the one hand, this attempt is remarkable because methods to
support learners in forms of self-regulation are of major educational
importance. The learners can become acquainted with how to steer their
processing of learning materials actively and acquire some (sub-) skills useful
for self-regulated learning.

On the other hand, this way of providing instructional explanations
might have also led to their infrequent use. It is important to note that the
infrequent use was not due to the fact that the learners would not have needed
this kind of support. Remember that even in the case of near-transfer problems
the learners in the experimental group achieved merely 64% of all available
points. This cannot be evaluated as an (almost) perfect performance level.

Against the background of these two aspects--low usage and moderate
learning success--one can formulate the hypothesis that inducing more
frequent use would yield even more pronounced effects on learning outcomes.
This can, in principle, be achieved by two means: Improvement of the
instructional explanations, especially with respect to their acceptance by the
learners, or giving the learning program a more active role in providing
explanations.

With respect to the improvement of the explanations, it should be
mentioned that the final version of the present learning program was based on
a pilot study. These investigations were not, however, very systematic. Thus, a
fruitful further step would be to interview learners extensively with respect to
the questions of (1) why they have or have not used the instructional
explanations and (2) in what respect the explanations were or were not
helpful. Such interviews would, of course, "merely" provide acceptance data
but no "objective" evidence with respect to the effectiveness of the
explanations. However, in the case of providing explanations on learner
demand, the learners' evaluations are of major importance as they determine
the extent to which the instructional explanations are used.

Another possibility for inducing more frequent use of instructional
explanations would be that the learning program collects some indicators for
lack of understanding and provides explanations when such indicators are
detected. One such indicator could be a wrong anticipation of a to-be-
determined probability (see the questions marks in the learning program,
Figure 2). The learners could be required to type in anticipated probabilities.
The program checks for correctness and decides on this basis whether an
explanation is to be presented or not (Robert K. Atkinson, personal
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communication, Oct. 1999). In a first step, just a very minimalist explanation
could be given, and the learner has a second chance to type in the correct
answer. After a second error, a more extensive explanation could follow. On
the one hand, this procedure would be beneficial with respect to the problem
of comprehension difficulties that remain unnoticed by the learners (illusions
of understanding). In addition, Conati (1999) found in her study on coached
self-explanations that those learners who tended to follow the intelligent
tutor's advice showed higher learning gains. On the other hand, the amount of
active self-regulated elaboration and the quality of timing (see above) can be
adversely affected. An interesting question for further research is whether the
"self-regulation rationale" or the "external-regulation rationale" for providing
instructional explanations is more effective.

What practical implications can be derived from this study? It is
important to note that the provision of the instructional explanations on
learner demand was implemented with the help of a computer, and it is hard
to see how to do this without such a device. (Hence, the present results can
also be regarded as a contribution to the research on computer-based
learning.) This means that the results of this study are primarily relevant for
designers of computer-based environments. In classroom teaching or tutorial
situations, the present "self-regulation rationale" is difficult to realize, an
external-regulation rationale seems to be more appropriate for these contexts.
Thus, a follow-up study contrasting the effects of two learning arrangements
designed according to these two rationales would be not only of theoretical
interest, but also of practical relevance.
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