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Abstract

This study investigated the effects of augmenting and deleting elaborations in an existing self-
instructional text for a micro-computer database application. A total of 60 undergraduate students were
randomly assigned to the original, elaborated or unelaborated text versions. Students completed six tasks
using one of the three instructional texts and then completed a six-item attitude survey. The absence of a
significant difference in the task performance under the three text versions by a repeated measures ANOVA
suggests that not all people require elaborations to develop a good understanding of procedural learning.

The Effects of Elaboration on Self-Learning Procedures From Text

Reading from text is one way in which people acquire knowledge or skills. An effective
instructional text makes learners become active participants in the learning process rather than passive
absorbers of information. In an age of independent, self-directed study, learning from texts is a common
strategy, particularly in the computer industry. With the spread of personal computer systems, the issue of
how to design effective self-instructional texts that facilitate the acquisition of knowledge and skills has
become a very important one.

It is not uncommon to hear students complain about technical textbooks such as computer
manuals. Obviously, if an instructional text designed for self-directed learning is too difficult to read or has
confusing terminology, learners will become frustrated, and the negative experience would lower their
motivation for learning. Pepper (1981) reported that students were looking for easy-to-read texts supported
by many examples. Unfortunately, many computer textbooks and manuals don't use examples.

Documentation
Duin (1990) argued that computer documentation should center on the learner's goals, instead of on

the system or on the concepts that are being taught. The learner's primary goal of reading computer
manuals is to learn how to use the computer programs (skill learning), not only to know what the
programs are (fact learning). In cognitive science literature, a similar distinction between fact learning and
skill learning has been considered under the label of declarative versus procedural learning. Since learning to
use a computer is a kind of procedural (skill) learning, learners want to extract information for immediate
action rather than absorb knowledge for future recall.

Developers of computer documentation should also consider the cost of ineffective instructional
texts. When instruction is inefficient, the costs incurred by both learners and business are extremely high
(Carroll, 1990). Thus, the importance of designing an effective instructional text that facilitates procedural
learning cannot be overemphasized.

Text-Based Elaboration
One variable that may increase the effectiveness of learning (particularly self- cirected learning) from

text is elaboration. According to Gagne "Elaboration is the process of adding related knowledge to the
information being learned. The addition can be a logical inference, a continuation, an example, a detail, or
anything else that serves to connect information" (Gagne, 1985, p.83). A common goal of elaboratior,
to attempt to make learning more meaningful by forming a relationship between the new, unfamiliar
material and the older, already learned information. There has been ample research that indicates
elaborations could help subjects learn and remember the main ideas of a text, because elaborations provide
multiple retrieval routes to the essential information by creating more connections to the learner's prior
knowledge (Reder, Charney, & Morgan, 1986). Elaborations also provide extra, useful information for
constructing an answer (Reder, 1982). That is, elaborations can lead to better memory by increasing the
redundancy of interconnections among the to-be-remembered information, and by imposing an organization
on the information that can be used to guide the retrieval process.

Levin (1988), in his research review of elaborated-based learning strategies, indicated that
elaboration can facilitate one's memory in learning because people's memory for nonmeaningful or arbitrary
stimulus materials can be substantially improved through the addition of relevant connections or
"mediators" (p.191). Over the last quarter of a century, there has been a great deal of evidence that shows
elaboration-based strategies to facilitate students' performances in a variety of school-learning content areas
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and tasks. These range from memory for simple factual material to the processing of complex prose
passages (see Levin, 1988, fors review). In addition, elaborations are beneficial for individuals with diverse
characteristics and at all levels of ability, including wide variations in their age, ethnicity, intelligence,
academic achievement, and specific abilities and aptitudes.

Reder and colleagues (1984, 1986) studied the informational content of manuals and the role of
text-based elaborations. They defined text-based elaborations as "any information that supports, clarifies, or
further specifies the main point of a text, including examples, details, analogies, restatements, and
deductions" (Reder, Chantey, & Morgan, 1986, p.64). Results from a large body of research consistently
show that text-based elaboration facilitates learning in the acquisition and recall of declarative knowledge.
In certain cases, such as for children with mental retardation, the more elaboration, thebetter (Levin, 1988).
The reason is elaborations that relate to more than one part of the new knowledge are more effective in
enhancing retrieval than are elaborations that relate to only one part of the new information. However,
elaborations do not benefit all performance outcomes. For example, Mayer (1980) pointed out that the
research indicates that elaboration in the form of artificially constructed verbal learning materials increased

learner efficiency and recall.
By contrast, elaborations can also interfere with recall. There is ample evidence for the existence

of retrieval interference both on recall and on response times to verification (Reder, Charney, & Morgan,
1986). Although elaborations help people remember relational informati'n as well asspecific information
about the key concepts involved in the relationship, the results of Steir et al. (1984) showed that
elaborations that enhance both relational and item-specific information do not require the activation of
associatively related concepts that learners have previously acquired.

Learner-Generated vs Author-Provided Elaboration
The definition by Reder, Charney, & Morgan in 1986 includes two sources of elaborations: (1)

those generated by learners while reading, and (2) those contained within the text provided by the author.
Ideally, given a reading text, students would elaborate on new information by thinking of related ideas,
examples, images, or logical inferences as they read. Thus, learner-generated elaborations are likely to be

more relevant to his or her prior knowledge and purpose for reading the text. On the other hand, author-
provided elaborations, such as examples, details, or embellishments, may be more accurate than those
generated by the learner because the author is more knowledgeable and more familiar with the topic.

Elaborations either generated by the learner or provided by the author have their merits and
drawbacks. For example, learner-generated elaborations have been found in several research studies to
facilitate memory and retention. By elaborating on the presented material with their relevant prior
knowledge, the subjects in these studies reviewed by Reder, Charney, and Morgan in 1986 show better
retention of the material and better understanding of it. However, Reder et al.(1986) also indicated that not
all author-provided elaborations supply similar benefits on retention of the central ideas inall learning
situations, although they reported that both sources of elaborations do facilitate skill performance.
Moreover, Levin reviewed several studies and suggested that with inefficient learners, it is better for an
instructor to provide elaborations than to have the students generate them on their own (Levin, 1988).
Carroll (1984) also argued that learner-generated elaboration such as "thinking," according to their prior
knowledge, can often lead to mistakes while they are acquiring knowledge and skill in the computer domain.
Therefore, in some situations learner-generated elaborations may be most effective, while in others author-
provided elaborations may be best.

A number of factors contribute to which type of elaboration is most appropriate for a given
situation. These include individual differences such as prior knowledge, age, ability, and the learner's own
performance objective. Although Weinstein (1982) provided evidence that students can be trained to use
elaboration to enhance learning, it remains to be determined whether generalized skills can be taught that
would enable students to generate their own elaborators for a variety of procedural learning tasks.

Different Forms of Elaborations
Considerable research has been done in the area of author-provided elaborations to examine the

effects of different forms of elaborations including examples, details, and embellishments on fact as well as

on skill learning. In fact, not all research on author-provided elaborations has found to impair both kinds of
learning. Generally speaking, the research suggests that author-provided elaborations may facilitate memory
performance if they are constructed in view of the specific processes operating during testing. For example,
an embellishing detail is expected to facilitate access to a super ordinate major idea during free recall while it
is accessible itself and possesses sufficiently strong relations to the relevant major idea (van Dam &
Brinkerink-Carlier, 1989). Some findings regarding the use of author-provided elaborations have shown the
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addition of embellishing details may facilitate future access to the embellished main ideas of a text during
learning. For example, Bradshaw and Anderson (1982) found that recall performance for a central fact was
better when it was supported by elaborated condition than when it was studied along with unelaborated
condition. In addition, recall increases as the number of related details increases and the number of unrelated
details decreases (Mohr, Glover, & Ronning, 1984). The results of van Dam & Brinkerink-Carlier's study
(1989) indicated that embellishing information supplied in one paragraph may actually increase the
accessibility of another paragraph if elaborations allow the plot-irrelevant information to be related to the
story. However, Reder (1982) concluded that author-provided elaborations appear to help retention of the
main ideas of a text only when subjects are allowed to reconstruct those main ideas during the retention test.
Mandl et al. (1984) also argued that elaborated texts facilitated recall and comprehension only when the
subjects were very familiar with the topic; otherwise, elaborated texts performed worse than unelaborated
ones.

These findings are contrary to those of Reder and J. R. Anderson (1980, 1982), who examined the
function of details and the effects of embellishment on memory for the main points of a text. They found,
surprisingly, that subjects performed better after studying an abridged or summarized version of the original
text than after studying a full, elaborated text. The advantages for summaries were maintained at retention
intervals (from 20 minutes to 12 months) as well as in reaction times (subjects answered faster); were
superior both for questions directly taken from the text and for inferences that required the subjects to
combine facts that had been studied; and yielded better transfer, too. The advantages for summaries were
found under a variety of study conditions including a nor laboratory setting (Reder, 1982). Performance
was superior even on new material when related material had previously been studied in summary form.
Two possible causes concluded by Reder and J. R. Anderson (1982) are that (1) reading summaries allows
the subject to reread the main points at spaced intervals, and (2) the presence of details distracts the subject's
attention away from the critical ideas that should be attended to. In other words, details hurt retention of
central ideas within a text when the study time is fixed, although they do increase interest and credibility.
Moreover, Reder et al. (1986) found that when people already know what tasks they must perform, they
benefit very little from seeing examp!:-. and other elaborations in the text.

Despite the assertion that author-provided elaborations may impede fact learning with a fixed study
time, Reder, Charney and Morgan (1986) argued that author-provided elaborations may facilitate the domain
of skill acquisition. Elaborations in computer documentation, according to Duin (1990), may expand on
what the basic concepts are, when these concepts are relevant, and how users apply these to their immediate
goals. In fact, elaborations seem most important for subjects learning to select and execute procedures
correctly. To facilitate skill-performance, Reder et al. (1986) demonstrated author-provided elaborations for
a personal computer that provided the learner with explanations and concrete illustrations of how the skill is
performed. They found that these elaborations helped learners solve problems more quickly than minimal
manuals without such elaborations. They also reported that only syntactic elaborations that illustrated how
correct commands should look helped experienced and novice computer users determine exactly how to
implement a procedure. A possible reason why the syntax examples facilitated performance, to the
ex 'usion of the concept elaborations, is that perhaps the syntax examples more closely matched what the
subject needed to do.

Consistent with this point of view, in their study to teach writing recursive functions, Pirolli and
J. R. Anderson (1985) found that the subjects whose text included examples and explanations of correct
syntax performed more efficiently. They suggested that it is the example, which is used to illustrate how to
do the task rather than to simply clarify what happens during a skill learning procedure, helps performance.
Their protocol data indicated that subjects do rely heavily on examples to guide their solutions to novel and
difficult problems. Ross (1984) has shown that performance in a domain of new skill learning is affected
by prior examples when these examples match on superficial features. Pepper (1981) reported the
surprising findings that the subjects overwhelmingly preferred a verbose and poorly written text
(conversational-style) over a concise and well written one (outline-style) because they attempted to look for
explanations and examples for help. In a sense, one indicator of good text is the degree to which writers
elaborate on a topic with explanations, supporting ideas, and examples (Benton & Blohm, 1986). Pepper
(1981) claimed that a technical text, such as a computer documentation, will be more readable and more
effective by avoiding technical jargon, writing in a clear and unpretentious style, and incorporating various
graphical and textual aids into the body of the text. Thus, a new experimental chapter was written by
Pepper according to his guidelines (see Pepper, 1981, p. 263 for a review), and the results showed that the
subjects who read the new chapter performed substantially better in their comprehension, and rated the new
chapter more favorable than any of the others. Two conclusions that Pepper (1981) suggested for the field
of document design are: (1) examples should be used as a tool for bridging the gap between the expert and
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the novice; and (2) textbooks should be written for the student, at the student's level, and with the active
guidance of the student.

Summing up the findings of previous research, text-based elaborations facilitate in the domain of
declarative fact learning and skill performance. To some degree, a useful and important form of elaboration
is the example, particularly for helping people learn a procedure. However, several studies have noteu that
not all types of examples provide the same help. Examples that were found to facilitate performance are
those that address syntactic information, and those that clarify how to execute commands in computer-
related procedures. For the sake of learners' needs in a procedure learning, providing concrete examples of
"how to do" rather than giving concept elaborations dealing with "what they are" can reduce initial learning
time. In addition, increasing elaborations in the forms of graphical aids, textual aids, examples, and
explanations is effective and preferred by students while learning a computer-related skill.

However, findings on the role of text-based elaborations in learning a procedure are inconsistent.
Although the studies previously described indicate that text-based elaboration facilitates learning aprocedure
from text, other studies provide evidence that unelaborated texts are better for adult learners who are learning
new procedures. For instance, some studies in the computer-related domain indicate that text-based
elaborations facilitate learning declarative information when the performance measure is either free recall or
recall of the main points of the text (Reder, Charney, & Morgan, 1986; Pirolli & Anderson, 1985; Pepper,
1981; Mayer, 1980). In contrast, Carroll (1984, 1990) argues that self-learning procedures from text are
more efficient when the text contains no elaboration, or at least very few elaborations, and his findings from
several studies have indeed shown an advantage for learning procedures from unelaborated text.

Training
During the 1980's, the problem of training users in the use of computer programs has been the

focus of considerable research. Carroll and colleagues (1984, 1987-88) at IBM pointed out several problems
that novice computer users had while learning a word processing program. They found novice learners are

apt to:
Be overwhelmed by learning tasks;
"Jump the gun" to act instead of reading explicit warnings or suggestions;
Skip the information that cannot be executed;
Trust their own reason to act instead of reading the instruction;
Sometimes ignore the screen when following a tutorial step-by-step;
Have trouble recovering from errors;
Want to do real work right away and understand "why" and "what" they are doing.

Minimalist Approach. Most computer learners do not want to read through a thick manual or
work through an on-line tutorial if they are not interested primarily in the to-be-learned program or system.
Impressed by the frustration and failure the trainers observed when novices attempted to learn to use
commercial word processing systems by means of the commercial self-study books that accompany them,
Carroll et al. (1984) developed and tested the Minimalist Training Model, a model that accommodates and
capitalizes on user learning styles and strategies. This is what Carroll called the Minimalist Approach
which attempts to support active learning by providing concise instruction focused on easy-to-understand
goals. According to Carroll, "the key idea in the minimalist approach is to present the smallest possible
obstacle to the learner's efforts" (Carroll, 1990, p.77) to learn and acquire competency.

In an earlier set of studies, Carroll et al. (1984, 1985) created the "Minimal Manual" that
incorporates elements of the Guided Exploration approach (Carroll, 1984), in order to meet the needs of
computer learners in learning a word processing system with "training wheels." By training wheels, Carroll
provided new users with a real but easier system with regard to learning to recognize and avoid errors. The
training wheels subjects were better able to transfer their skills to perform advanced full-system editing
functions and spent less time in error recovery than full system subjects.

Carroll (1984, p.130) outlined five premises for developing computer documentation according to
the Minimalist model:

"slash the verbiage" by eliminating all repetition, summaries, reviews, practice exercises, the
index, and the troubleshooting appendix;
to force coordination of the system and the training;
to expect every possible error;
to focus on real tasks and activities; and
to support error recognition and recovery.

680



After a series of studies, Carroll et al. (1984, 1985, 1987-88) found that minimal manuals do help learners
better coordinate their attention between the system and the manual, better recognize and recover from
errors, and better support reference use after training.

Carroll et 0.(1984, 1985) advocated a Guided Exploration approach to provide learners with brief
training materials that encourage and support learning by exploration. Gu_ded Exploration, based on the
principle of Minimal Manual, is a set of brief cards that replace a commercial self-instruction manual. In
helping people to use a word processor, Carroll et al. found that brief "guided exploration" cards are more
effective than a commercial manual in many respects. Subjects using the cards accomplished more tasks,
made fewer errors, spent less time reading and doing the tasks, and recovered more often from errors. Brief
guided exploration materials focus users on the steps needed to accomplish basic tasks by encouraging and
supporting exploration through easy-to-find procedural information and timely error recognition and
recovery advice (Catrambone and Carroll, 1987, p. 170) Recently, Duin (1990) designed a study that
investigated the effects of a minimal manual version versus a guided exploration card version of
documentation for learning to use a telecommunication system. The results showed that both forms of
documentationthe minimal manual and the guided exploration card are viable forms for the design and
development of computer-related documentation because they both center on the learner by seeking to delete
extraneous text. Duin also suggested that while designing documentation, designers should (1) center on
funct;-ns rather than concepts, (2) think in terms of tasks rather than terms, and (3) develop syntactic rather
than , ceptual elaborations.

Effective computer documentation should not only allow learners to understand how to perform
specific tasks, but should also allow them to create, explore, and integrate knowledge when they use a
computer program in the system. While computer programs as a whole are improving, the documentation
that accompanies the programs, should improve along with it to better meet learners' needs. Toward this
end, we might re-introduce the structure of a manual based on learners' needs by codifying some of the
principles which were helpful to the guided exploration learners. Summing up the results of a series of
studies, Carroll (1990) concluded and developed the following nine principles of the minimalist approach
(see p. 78-93 for a review):

1. Training on real tasks--allow the user select meaningful tasks to work on.
2. Getting started fast--urge getting learners started doing tasks as quickly as possible.
3. Reasoning and improvisingpermit self-directed reasoning and improvising in learning

process to enrich their own training experience.
4. Reading in any ordereliminate sequence and design materials allowed learners to read and

use in any order.
5. Coordination system and training--impel the learners to attend the system during the course

of training.
6. Supporting error recognition and recoverysupport the recognition of and recovery from

errors so that errors will not block the learners.
7. Exploiting prior knowledge -- concrete schemes from learner's prior knowledge may motivate

and facilitate learning and skill development.
8. Using the situation--let the situation occur naturally rather than protect the learners from

experiencing difficulties or errors.
9. Developing optimal training designs--minimize instructional materials that obstruct

learning and design the materials to support learner-directed activity and accomplishment.
According to the principle of the minimalist approach, the role of elaboration that Carroll

emphasizes is learner-generated elaboration against author-provided elaboration. He encourages learners to
engage in active self-elaboration (prompted by incomplete materials for learning, such as summaries from
the full text) in order to make information more robust and accessible in memory (Carroll 1990, p. 81). It
appears that a main reason the performance in the minimal manual is superior to the commercial self-
instruction manual is that it forces learners to make inferences. Actually, Black, Carroll, and McGuigan
(1987) found that the Inferential version of the Minimal Instruction Manual yielded better learning than did
the Skeletal, the Rehearsal and the Lengthy versions. In particular, they noted that the Lengthy Manual
consistently yielded worse performance than the other versions. Thus, continuing research is investigating
how different types of inference, such as analogy, proceduralization, and instantiation, affect learning.

In addition, Carroll (1984) stated that "forget the preview and review; studies indicate users can
learn more, given less information" (p.125). He strongly recommends eliminating orientational material,
including introduction, overview, preview, review, and conceptual elaborations because they obstruct the
learner's desire to do something instead of reading about how to do something. He continues, "the
minimalist approach urges getting learners started doing projects as quickly as possible, allowing
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meaningful and concrete activity to provide intrinsic learning guidance--rather than relying on the extrinsic
guidance of conceptual elaboration and practice with numbered steps, techniques that too often become
obstacles to learning" (Carroll, 1990, p.81). That is, the Minimalist design presumes that if you give the
learner less (less to read, less overhead, less to get tangled in), the learner will achieve more.

However, a truly minimalist approach - -with no previews, with no explanations or elaborations- -
may not be best in all situations. For example, Reder, Charney, and Morgan (1986) found the evidence that
performance in the elaboration-after condition was significantly better than performance in the unelaborated-
after condition, where no source of elaborations was available. But in the same study, they also indicated
that when subjects already knew what tasks they would perform, they benefited very little from seeing
examples and other elaborations in the text. By contrast, Charney and Reder (1987) provided the value of
preview that learners who were given a problem first, asked to try to solve it, and shown a solution at the
end, learned best.

Therefore, despite its brevity, Wendt (1991) argued that the Minimal Manual (Carroll, 1990)
should not be thought of as simply an unelaborated version of the original text for several reasons: (1)
information was eliminated that was not task-oriented( e.g., descriptions of the system); (2) information
was added to address error recognition and recovery procedures; (3) information was rearranged to support
topics of interest to learners; and (4) sometimes procedural details were deliberately specified incompletely
or introduced with an invitation to try them and see what would happen.

In conclusion, the effects of minimalist approach cannot separate from the effects of the guided
exploration (discovery) approach as well as the emphasis on error recognition and recovery. Nevertheless,
using a minimalist approach, people learning a procedure from text are able to acquire competence and
perform well on transfer tasks without benefit of many author-provided elaborations. Besides author-
provided elaborations, the :nimalist approach allows learners to generate their own elaborations during the
learning process. That is, author-provided elaborations may facilitate skill learning in some situations, but
not others. Therefore, for developing an effective text, it is very important to establish guidelines for
determining what types of elaborations are optimal in what situations and when to use them in order to
facilitate fact or skill learning.

Minimalist vs Maxima list Approach. To answer the question whether computer manuals
should be minimalist and contain only information that is absolutely necessary, or should be maximalist
and fully explain unfamiliar concepts and procedures, Wendt (1991) directly compared three versions of texts
in order to examine the effects of an original version, as well as an Elaborated and an Unelaborated revisions
of an excerpt from a commercial system user's manual on the self-learning procedures from text. First, she
summarized the issues that support an extensively elaborated text and those that support a minimally
elaborated self-instructional text, and then provided contrasting guidelines for developing an effective text
(Wendt 1991, p.36).

The guidelines for supporting an extensively elaborated text to produce an effective, readable text
for the learners (at least in the short run) are the following:

Use concrete examples to support every major and most minor points.
Use graphical aids such as illustrations and diagrams.
Use textual aids such as introductions, summaries, and glossaries.
Use explanations for all definitions, technical terms, solution rules, and procedures.
Use syntactic elaboration instead of conceptual elaboration to clarify how to perform the to-be-
learned procedures.

Guidelines for supporting a minimally elaborated text to help learners get started faster, perform
better, make fewer errors, and recover from errors more successfully, are the following:

Do not embed examples which may be obstructive for the learners.
Do not include explanations but urge the learners to discover their own.
Do not provide materials that give the learners a model of correctness; but encourage
exploration and support error recovery.
Do not increase text by adding elaboration but reduce text by eliminating elaboration and
instruction for the purpose of requiring the learners to make inferences from the incompletely
remaining text.

Wendt (1991) offered a new perspective for evaluating the role of text-based elaboration in the
process of self-learning a new procedure by directly comparing the effects of these two approaches on
learning the same procedure and performing the same tasks in one study.

According to the guidelines mentioned above, the Elaborated version in Wendt's study included
changes, such as (1) reorganizing the content by separating conceptual and procedural information; (2)
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adding elaboration in the form of examples, restatements, explanations, an introduction, a summary; (3)
adding text-to-graphic references to support both conceptual information and procedural information, (4)
adding several examples of using different combinations of connectors to link selection rules; and (5)
removing side-margin subheadings. By following the principles of designing minimalist instructions,
changes in the Unelaborated version included (1) identifying statements of procedures and rules; (2) deleting
all elaboration such as examples, restatements, and descriptions of what the software does as a result of
procedures; (3) deleting unnecessary words; (4) deleting introductory text; and (5) deleting side-margin
subheadings (Wendt, 1991).

Changes from the Original User's Manual in Wendt's Study

Elaborated Text version

(1) reorganizing the content by separating
conceptual and procedural information

(2) adding elaboration--
examples
restatements
explanations
an introduction
a summary

(3) adding text-to-graphic references to support
both conceptual information and procedural
information

(4) adding several examples of using different
combinations of connectors to link selection
rules

(5) removing side-margin subheadings

Unelaborated Text version

(1) identifying statements of procedures and
rules

(2) deleting all elaboration- -
examples
restatements (actually included three)
explanations
descriptions of what a procedure goes
an introduction
a summary

(3) deleting unnecessary words

(4) deleting introductory text

(5) deleting side-margin subheadings

Consistent with the idea that text-based elaborations facilitate learning declarative information
when the performance measure is either free recall or recall of the main points of the text, Wendt indicated
in her stucly that the performance of the Elaborated text on the given tasks was equal or superior to the
Original text and the Unelaborated text versions. She found that those who read the Elaborated text achieved
a higher percentage of elements correct, more correct solutions, committed fewer errors, did not spend
significantly more time reading their text but spent less time working on the application tasks, and rated
their text more positively and more consistently. She also indicated t! at the subjects who studied the
Elaborated text continued to perform well as task difficulty increased because the Elaborated text in her
design separated conceptual and procedural information and elaborated both types of information that served
an important factor in facilitating their understanding. However, she reported that not all subjects who read
the Elaborated text performed well. In other words, not all people need elaboration to develop a good
understanding in a procedure learning.

While Wendt wanted her subjects to read the instructional text first and then complete the
application tasks 'without' the text, however, it belongs to an immediate posttest to test subjects' memory
for information acquired via text after study. It occurred to me, that in a real world setting, learners may not
need recall text from their memory in order to learn a new computer program. On the one hand, Carroll
(1984) argued that if learners go along nose-in-the-book, they will not learn to use the system (p.126). On
the other hand, focusing on the learner's primary goal to complete a specific task, learners want to attempt
tasks immediately rather than read and remember information for future recall. Therefore, the idea of
coordination of the system and the training at the same time should be concerned for further studies.

The Current Study
The purpose of study in this paper is to investigate the effects of augmenting and deleting

elaborations in an existing self-instructional text from a computer automated database file. The intent here
is to replicate and extend Wendt's (1991) study by asking students to read one of the three self-instructional
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texts and complete several given tasks accompanied with the copy of materials in the same period of time
instead of an immediate posttest. To increase the power of the analysis, the present study increases the
sample size from 21 to 60. The study attempts to discover whether students who learned to use a computer
database program from an elaborated text did better than students who learned from an unelaborated one.

Learner-generated elaborations were not included in the texts, since it is too difficult to control for
differences in learner's prior knowledge. The present study will exclude all types of learner-generated
elaborations in favor of author-provided elaborations. The types of elaborations provided by the experienced
author in the study are those directly included in the material to-be-learned for the purpose of facilitating a
more complete and accurate understanding of the material itself, and appropriate application to individual
tasks. Specially, the research questions asked here are: (1) will author-providedelaborations facilitate the
learners' performance on given tasks in a self-learning procedure from text? (2) will the elaborated text be

more effective than the unelaborated text during the self-learning procedure? (3) will the amount of text-
based elaboration differentially affect performance on the given tasks while the difficulty of the tasks

increases?

Method
The present study sought to extend the previous investigation by Wendt (1991) to examine

whether students who learn from an elaborated text do better on performance of a computer database
application than students who learn from an unelaborated text. A purpose of this study was to replicate
previous findings reported by Wendt (1991), so the materials used here are similar, with the exception of the
number of the subjects and the way of the procedures.

Subjects
Sixty undergraduate students from the Department of Psychology at the University of Minnesota

completed the study. Students received research participation points as well as five dollars for participating.
The subjects varied widely in their prior general experience with computers; however, they had no prior

experience with the Microsoft Works Database application.

Materials
The database. Subjects used a database file of 25 records created in the Microsoft Works

Databue program in conjunction with the six application tasks Although all 25 records contained the

same 15 fields, data in each field were different from one record to another. The contents of the 15 fields
within each record, including name, title, company, and desired sessions, consisted of fictitious information
from a registration form requested for a training workshop.

The Original text. The text was adapted from the Microsoft Works User's Manual (1989), an

instructional text provided for the learners to use and apply the computer softwareMicrosoft Works. In
this study, the six pages that explain how to use the Selection Rules to locate and retrieve desired
information from the database file were excerpted from the Uset,s Manual. Two versions were created from

the Original Text by Wendt (1991) accuding to the guidelines she set (discussed in the previous section).
One was an Elaborated Text version that was developed using the guidelines for an extensive Elaboration
approach. The other was an Unelaborated Text version developed using the guidelines for designing
minimalist instructions.

Elaborated tot version. The Elaborated Text version was extended to twenty-two pages
long. According to the guidelines established by Wendt (1991), the Elaborated Text version was developed
from the Original Text in three steps:

First, the content from the Original Text was analyzed and outlined. There were four major areas
identified: (1) deciding selection rules; (2) entering selection rules; (3) connecting selection rules; and (4)
making changes.

Second, a terminal performance objective was identified and a learning hierarchy was constructed.
Since the terminal performance objective in the learning procedure was to retrieve records from a database
file by using selection rules, a learning hierarchy that showed the prerequisite relationships among the skills
to-be-learned played an important role. As a result, the Elaborated Text version was constructed with the
following components: (1) an introduction; (2) how to create a single selection rule; (3) how to enter a
single selection rule; (4) how to use combinations of selection rules; (5) how to enter multiple selection
rules, (6) how to make changes; and (7) a summary.

Third, syntactic elaborations (rather than conceptual elaborations) were created and extensive
elaborations were provided to support the explanations of procedures (such as how to create a single
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selection rule and how to link selection rules using connectors). Themost frequently used type of
elaboration was examples (e.g., create the pairs of correct and ;ncorrect examples in terms of supplementing
the explanation of why the incorrect examples were not right).

There were some elaborations that provided additional content which dealt with how to use the
connectors in these ways. To begin with, some examples were given explain the use of connector
"And." Ther, some examples were given to explain the use of connector "Or." Finally, several examples
using a combination of the two connectors were given and explained.

Ufielaborattd text version. The Unelaborated Text version was six pages long. Working
from the Original Text, this version was created according to the principles of designing minimalist
instructions: (1) identify statements of procedures and rules; (2)delete all elaborations including examples,
restatements, explanations, and descriptions of what a procedure goes; (3) delete introductory text; (4) delete
unnecessary words; and (5) delete side margin subheadings.

As a result, 114 lines of text in the Original Text were reduced to 75 lines of text. However, the
format of the original text was maintained in the Unelaborated Text version. After a pilot study, the
Unelaborated Text was revised by adding three restatements (1) to explain the definition of"record
comparison information"; (2) a step in the procedure for entering a selection rule on the computer screen;
and (3) how the connectors interacted when they were used together. In spite of these additions, it was
consistent with the principle of minimalist approach advocated by Carroll (1990), including error
recognition and recovery procedures.

A comparison of frequencies of different types of elaboration across the three different types of
texts is listed in the following table. Three illustrations that provided important navigation information
were included in all three versions .

Comparison of Frequencies of Different Types of Elaboration

Original Elaborated Unelaborated
Types of Elaborations Text Text Text

(6 pages) (6 pages)(22 pages)

Boldface Types 2 items all items all items
Italics yes yes, with some

single and double
underline

yes,
with only 1 single

underline
Graphical Illustrations 3 3 3
Textual Examples 6 31 0
Marginal Comments 6 0 0
Piraphrases and Restatements 0 10 3
Headings 4 7 5
Summaries 0 1 0
Overviews 1 7 5
Intertextual References 1 1 1

Text-to-Graphic References 2 18 3

nacligroundinfonliationanLpriorgmarleumauestionnaire, This questionnaire
contained six questions asking the participants to provide (1) academic major, (2) year in school, (3) status
(full or part-time student), (4) prior experience with computer hardware,(5) prior experience with computer
software for what purpose, and (6) prior experience with the Microsoft Works database application.

Background information about these materials preface, A three-page supplement to
the text was created to demonstrate what a database is, how it works, and to explain the contents of the
database file that would be used in the study. The same three-page supplement was placed directly above
each text and marked as pages 1, 2 and 3. Initially, page 1 established a context both for the reading of text
and the given application tasks in order to provide a general overview of this study. Page 2 explained how
information is organized in a database file, and provided an example for subjects to distinguish two key
terms: records and fields. Page 3 listed the 15 fields with their definitions. Therefore, the text that described
the use of selection rules always started on page 4.

11
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Application tasks. There were six application tasks designed to test subjects' understanding of
the information, procedures provided in the text, and their ability to apply the information in the computer
setting. For example, task 1 asked: "Who is coming from IBM'?" which required subjects to retrieve the
records of the persons who were coming from IBM. Since IBM belongs to a "company" (its corresponding
field), subjects should have selected "company" from the field first, chosen "equals to" from the comparison
phrases, and then typed "IBM" in the box of record comparison information. This task was the simplest
one, which used only one selection rule without any logical connectors. Task 2 asked: "Which companies
are sending either the President or the CEO?" which required retrieving the records of companies that were
sending the persons whose title was either President or CEO. Since the bex for record comparison
information can only hold one instruction at a time, subjects were required to use a logical connector "Or"
to link the person whose "title" "equals to" "President" and whose "title" "equals to" "CEO". Therefore,
two selection rules were used in this task.

The difficulty level of the tasks on the list increased by (1) increasing the number of selection rules
required to complete a task; and (2) increasing the correct use of logical connectors to combine the selection
rules. The following table (adapted from A'endt 1991, p.48) shows the increase in difficulty by task. To
clarify, when rules are linked with a combination of 'And' and 'Or', the program will loc..te only those
records that satisfy all the Selection Rules continuously linked by 'And'. When it sees the Connector 'Or',
it will begin a new and separate search for these records.

Dimensions of Difficulty in the Application Tasks

Task number Selection Rules Logical Connectors
1 1 0
2 2 1 - Or
3 3 2 - And, And
4 4 3 - And, Or, And
5 5 4 - And, Or, And, And
6 6 5 - And, And, And, And, And

Attitude suryey. The attitude survey was composed of six questions. Responses were recorded
by subjects using a six-point scale. Four of the questions used by Pepper (1981) were adapted in order to
compare the results. These four questions asked the subjects (1) how easy the text was to understand, (2)
how well the material was "taught" by the text, (3) how well reader's questions were answered, and (4) asked
for an "overall" rating. In addition, two questions were added to obtain feedback on the examples and text-
to-graphic illustrations, since many of them were added to the Elaborated Text version.

Desigu
This study involved a single independent variable with three levels: Original Text version,

Elaborated Text version and Unelaborated Text version. The dependent measures within the study were (1)
percentage scores of elements correct on each of six application tasks, (2) number of correct solutions across
all application tasks, (3) total time spent on reading the text and working with the application tasks, and (4)
results on an attitude survey. The results of each of the six performance tasks were analyzed in a repeated
measures fashion with one between-subjects factor ("Version" with three levels) and one within-subjects
factor ("Task" with six levels). One-way ANOVAs were used to analyze the results for each of the other
measures, with Version as the independent variable. Results of mean scores across the three versions from
attitude survey were also analyzed with one-way ANOVA and presented in simple descriptive format.

Procedures
The study was conducted individually in one session approximately 60 - 90 minutes in length.

Sixty copies of materials, including 20 of the Original Text, 20 of the Elaborated Text, and 20 of the
Unelaborated Text versions, were prepared prior to the study and placed in unmarked, brown envelopes. To
achieve random distribution, all envelopes were repeatedly shuffled so that subjects studied one text in each
of the three conditions: Original, Elaborated or Unelaborated Text version.

After completing a Consent Form, a Background Information Questionnaire, and an Experience
Questionnaire, each participant was asked to read the first three pages of materials (that provided information
about what a database is and how to perform the procedures in the study). No time limitation was imposed
as subjects familiarized themselves with the content of these three pages. When a subjects was ready, a list
of tasks was given and he/she was directed to read either an Original, an Elaborated or an Unelaborated

686 1 2



instructional text of Microsoft Works Database application, and to complete the six given tasks within an
hour. The instructional texts were available at the same time that the subjects were completing the tasks.
Subjects were allowed to mark or underline the text while reading if they so desired, but they could not ask
any questions. When the hour was up, subjects were told to stop working, whether they completed all the
application tasks or not. Subjects could stop at any time during the session if they finished the tasks
earlier. Then, the six-item attitude survey was given. Participants were asked to rate each question with
"1" being the most negative reaction and "6" being the most positive reaction. Finally, each subject
received research participation points, as well as five dollars, for participating,. Subjects were also given a
copy of the Education Debriefing Form that briefly summarized the rationale of this research on the role of
elaboration, and provided references and additional sources of information on this research topic.

Results

Mean Percentage of Elements Correct on Each Application Task
Table 1 presents the mean percentage of elements correct for each text version and application task.

Results of a repeated measures ANOVA using Versions (Original, Elaborated, and Unelaborated) as the
between-subjects factor and Task (I to 6) as the within-subjects factor was shown in Table 2 as follows: the
between-subjects factor of Version was not significant [F(2, 57) = .36, p = .701, MSe = 2597.28]; the
within-subjects factor of Task was significant [F(5, 285) = 22.22, p < .001, MSe = 421.05], while the
Version by Task interaction effect was not [F(10, 285) = .90, p = .530 , MSe = 421.05].

Table 1: Mean Percent of Elements Correct for Each Version and Task

Text Version Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task Mean

IOW

Original 100%
(n=20)

91.45% 85.45% 66.60% 70.80% 60.75% 78.800%

Elaborated 100%
(n=20)

91.45% 77.30% 72.95% 82.45% 72.10% 82.708%

Unelaborated 95.05%
(n=20)

87.15% 73.60% 63.30% 77.15% 67.10% 78.342%

Total Mean 98.35%
(n=60)

90.02% 78.78% 67.62% 76.80% 66.65% 79.703%

Table 2: Ana ysis of Variance for Percentage of Elements Correct

Sum of Squares Degrees of Mean Square
Source Freedom

Between pub jectl
Version 1854.16 2 927.08 .36 .701
Subjects Within Groups 148044.88 57 2597.28

Within Subjects
Task 46788.95 5 9357.79 22.22 .000*
Version x Task 3806.74 10 380.67 .90 .530
Task x Subjects Within 120000.48 285 421.05
Groups
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A follow-up series of t-tests was run pairwise across the six tasks. A Bonferroni procedure was
used to control Type I error resulting in alpha = .01. Results of the follow-up t-tests to the "Task" repeated
measures effect are shown in Table 3. To summarize Table 3, there were significant difference between
Task 1 and Tasks 2, 3, 4, 5, and 6; similarly, Task 2 was different from Tasks 3, 4, 5, and 6. Moreover,
Task 4 was significantly different from Tasks 3 and 5.

Table 3: Pairwise t-tests (df = 591 Among the Six Tasks
adjustment )( alpha = .01, using Bonferroni

Task 2
Tk

4 5 6

1 t = 4.11 t 5.68 t = 8.97 t =5.80 t = 6.63

p = .000* p = .000* p = .000* p = .000* p = .000*

2 t = 3.28 t = 6.88 t =4.06 t =5.71
p = .002* p = .000* p = .000* p = .000*

3 t = 3.29 t = .54 t = 2.44
p = .002* p = .594 p = .018

4 t = -2.85 t = .22
p = .006* p = .824

5 t = 2.47
p = .016

Number of Correct Solutions

"Number of Correct Solutions" means the number of subjects who achieved 100% elements correct
for each task in each text version group. Table 4 shows the number of correct solutions for each version
and task. However, there was no difference between tasks in terms of the total number of correct solutions

[F(2,57) = .573, p = .567, MSe = 3.227].

Table 4: Number of Correct Solutions for Each Version and Task

688 1

Text Version Task 1 Task 2 Task 3

Original 20 15 14

(n=20)

Elaborated
(n=20) 20 14 10

Unelaborated
(n=20) 17 12 9

Task 4 Task 5 Task 6

5

6

4

Total

7 9 70

8 13 71

9 9 60

4



Total Time Spent Reading and Working on Taiks

Table 5 presents the mean time spent for each text version group. The result shows no differences
for total time on reading and working the tasks among the three Text Versions [F = .175, p = .840, NISe =
125.507].

Table 5: Mean Time Spent Reading and Working on Tasks

Text Version Time

Original 46.15 rain.
Elaborated 48.15 min.
Unelaborated 46.60 min.

Attitude Survey

Table 6 presents the results of the attitude survey ("1" was the least favorable reaction and "6" was
the most positive reaction). The data seems to indicate that not all subjects needed examples or illustrations
for help among the three conditions. Although on average subjects in all three groups rated the texts in a
positive way, the ANOVA on mean attitude score across the three versions was non-significant [F(2, 57) =
.224, p = .800, MSe = 1.024]. No differences are on each question among the three versions, either.

Table 6: Ratings of the Three Text Versions

Ouestions of Attitude Original
Min Range

Text Version
UnelaboratedElaborated

Survey Range Mn o Range

1. Easy to Understand 3.65 1-6 3.85 2-6 3.55 1-5
2. Taught Material Well 4.10 2-6 4.10 2-6 3.85 1-6
3. Answered Questions 3.65 1-6 3.95 2-6 3.85 1-6
4. Illustrations Helpful 4.05 1-6 4.15 2-6 4.35 3-6
5. Examples Helpful 4.05 1-6 4.20 2-6 3.75 2-6
6. Overall 3.90 2-6 4.15 2-6 3.85 1-6

Group Mean of Attitude 3.90 4.07 3.87

Discussion
The present study examined the effect of varying degrees of text elaborations on self-directed

student learning, to learn to use a computer database application. Using guidelines from Wendt's (1991)
study, an Elaborated Text and an Unelaborated Text were developed from an original commercial system
user's manual. Subjects completed six applied tasks by reading one of the three instructional text versions,
and completed an attitude survey at the end.

The results of the current study not only deviate from Wendt's findings (which supported the effects
of elaboration on self-directed learning from text), but also differ from Carroll's approach, which suggests
the minimalist manual's superiority to the commercial self-instruction manual. The effects of task in a
3(Version) x 6(Task) repeated-measures ANOVA was significant, while both the Version and the Version x
Task interaction were not. No differences among conditions were found for treatment with the following
dependent variables: (a) percentage of elements correct on each of six performance tasks, (b) number of
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correct solutions across all performance tasks, (c) total time spent reading and working on the application
tasks, and (d) results on attitude survey. It seems that the advantages of elaborations on computer
documentation do not produce the same effect when subjects can complete the application tasks
accompanied by the instructional text. That is, unlike Wendt's results, subjects who read manuals
containing extensive elaborations in the present study did not out-perform subjects who read manuals with
less elaboration. And, unlike Caro 11's findings (1984, 1985, 1987-88, 1990), subjects who read the
unelaborated manual did not perform better than subjects who read the longer, elaborated manual.

A possible reason for the differences in results reported by Wendt (1991) is that the present study
involved simultaneously completing the tasks and reading the text in order to simulate goal-oriented
learning in a real-world setting. Subjects in the current study attempted the application tasks accompanied
by the text instead of reading the text first and then working on the tasks without using reading materials.
This was done to maximize the external validity of the study, because few people learn to navigate a new
computer program by memorizing an instructional text. In Wendt's study, results focused on the
effectiveness of elaborations on recall and retrieval of the main points of the text. In the current study, the
investigation focused on whether text-based elaborations facilitate procedural learning while learning a new
computer program in a real-world setting.

An analysis of subjects' performance on the easier versus the more difficult tasks gives additional
information. The six application tasks were created based on a learning hierarchy for the procedural
learning, and most subjects correctly completed the easiest task, which required the use of only one single
selection rule. As task difficulty increased, subjects were required to construct and input more rules, as well
as combine those rules by using the correct connectors.

Results show that each of the six tasks seemed successively more difficult, but Task 4 appeared the
most difficult. The reason for this might be not attributed to subjects' understanding of the logical concepts
of the connectors 'And' and 'Or', rather than how to select and input the rules. Task 4 asked "Who is
coming from Texas and California that is attending the Session on Topic C?" It required retrieving the
records of the persons who come from the states of either the Texas or California, but they should attending
Topic C. Many subjects used the following rules:

the persons whose "state" "equals to" "Texas"
'Or' "state" "cquals to" "California",
'And' "attending Topic C" "equals to" "yes".

Using these rules, the answer obtained shows the persons who come from Texas but not attending the
session on Topic C, because the connector 'And' only linked with the last two rules: "state equals to
California" and "attending Topic C". The correct rules are the following:

the persons whose "state" "equals to" "Texas"
'And' "attending Topic C" "equals to" "yes".
'Or' "state" "equals to" "California",
'And' "attending Topic C" "equals to" "yes".

Four selection rules with three connectors should have been used in this task.
There were six examples given in the Elaborated text, three examples in the Original Text, and

none in the Unelaborated text. The investigator expected that the subjects using the Elaborated text would
perform better because more examples were provided that supported the solution. As a result, subjects who
read the Elaborated Text version scored 72.95% of elements correct in Task 4, compared with a score of
66.60% of elements correct for subjects who read the Original Text version and 63.30% of elements correct
for subjects who read the Unelaborated Text version. However, these differences were not statistically
significant. When looking at the number of correct solutions on the same task, only 6 out of 20 subjects
got every item correct in the Elaborated Text group, only 5 of them got every item correct in the Original
Text group, and 4 of them got every item correct in the Unelaborated group. The performance on Task 4
was poor across all three conditions. This finding did not support the view that using examples is an
important tool for bridging the gap between the expert and the novice.

Regarding the number correct across the three conditions, the Elaborated and Original Texts
produced fairly similar performances, but performance wasn't significantly better than those in the
Unelaborated Text condition. In addition, when looking at the total time subjects spent reading and
woe...mg on the tasks, the investigator assumed that subjects who studied the 22-page Elaborated Text would
spend more time reading than those who had the Unelaborated Text and the 6-page Original Text. The
results show that subjects who had the Elaborated Text spent, on average, only 1-1/2 to 2 minutes more
time reading than subjects who had the Unelaborated Text and the Original Text. However, comparing the
combined times of reading and working on tasks for each group in Wendt's study, on average, subjects in
the Original Text group spent the most total time (58.13 min.), while subjects in the Unelaborated Text
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group spent the least total time (37.22 min.) and subjects in the Elaborated Text group spent the second
least total time (41.57 min.). Wendt reported that as compared to those who read the other text versions,
those who read the Elaborated Text performed better than the other versions but did not spend significantly
more time reading their text (26.57 min. while 28.28 min. in the Original group) and spent less time
(15.00 min.) working on the application tasks (when 20.57 min. in Unelaborated group and 29.85 min. in
the Original group). To compare the learning efficiency of the performance among the three groups in the
current study, the data, calculated from the mean percentage of elements correct for tasks of each subject
divided by the total time he or she spent, shows that, on average, the Original Text group achieved 1.98%
elements correct per minute, while the Elaborated Text group achieved 1.80%, and the Unelaborated Text
group achieved 1.83% elements correct per minute. The result, differs from Wendt's, indicates that people
who read the elaborated text did not demonstrate better learning efficiency.

Subjects' overall ratings of the Text on the attitude survey showed no differences among the three
versions. However, subjects who read the Elaborated Text rated a positive score of 4.20 to 'examples
helpful' on a 6.00 scale, but this was not statistically significant. This result suggests that not all
examples facilitate procedural learning. On the other hand, subjects who read the UnelaboratedText rated a
positive score of 4.35 to 'illustrations helpful' on a 6.00 scale, but this was not of higher statistical
significance than subjects who read the other text versions (even though all the three text versions had the
same illustrations). It, is interesting to note that examples may not always be necessary because when
subjects cannot locate relevant examples, they tend to use rules from the illustrations. That is, examples
and illustrations of elaborations may be helpful in some situations, but not all. Moreover, the wide spread
in Attitude ratings of the three text versions indicate that both Elaborated and Unelaborated Text versions
have room for improvement Since attitude ratings indicated that there were positive and negative aspects of
the texts, it would be useful to identify these features and create new texts that more adequately address
learner needs.

Conclusion
In conclusion, the absence of a significant difference in the task performance across the three text

versions suggests that not all people require elaborations to develop a good understanding of procedural
learning. A possible reason for this finding is that the advanced use of logical connectors became too
complex for some subjects since all groups had a consistently low performance on Task 4. Alternatively,
some of the tasks might have been so simple that they did not require elaboration. This assertion is
supported by the finding that subjects who read the Unelaborated Text without any examples did not
perform worse than other groups.

The absence of differences across the three versions may also be affected by the fact that all
subjects were college students. Generally speaking, younger subjects may need more elaborations than
adults because, in the absence of elaborations, adults may try to find other ways to solve their problems. In
addition, it's possible that, in general, adults may have had more computer experience than children.
According to the background information provided by subjects for this study, at least 90% of them had
some experience with other computer software applications (which may have used similar navigational
tools). Obviously, the more prior computer experience individuals have, the easier it is for them to
navigate throughout a new computer application. Therefore, conducting further research with younger
subjects and/or individuals with less computer experience may produce different results on the effect of the
elaborations.

It would also be useful to conduct a study in which additional versions of the text were created in
order to isolate specific types of changes. For example, it would be interesting to add a combination
version of the use of elaborations with more examples and the use of a minimal approach with less
statements to see what kinds of instructional text would successfully facilitate skill learning. Another idea
for a future study was suggested by Redish in 1987. She suggested that on-line tutorials that display
instructional texts directly on the computer screen would be a fascinating area for research on a document
that combines aspects of reading to learn and reading to do. Moreover, additional questions could be added
to the Attitude Survey and the responses used to improve the texts.

It would also be interesting to conduct a study in which an additional posttest delayed posttest
was administered to examine the effects of elaborations on transferring a skill. Additional factors (such as
age) should be considered while designing a new study. It would be useful to determine which features of
the extensive elaboration approach and the minimalist approach work best for different types of users,
different types of computer programs, and different types of procedural learning.
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