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00 Abstract
Does the introduction of hypertext and hypermedia into college instruction impact students' ability to regulate their own

learning processes? The metacognition "calibration of comprehension" research paradigm is used to investigate this question.
Interviews with experimental subjects provide additional insights into the study process.

Introduction
To be academically successful, college students must effectively allocate study effort among multiple courses based on the

requirements of each course. An important study self-regulation skill is the ability to answer the pragmatic question "Do I know
this subject matter well enough to take the test?" College students have developed this skill to varying degrees through years
of studying paper-based textbooks. In today's college environment, Web and CD-ROM instructional materials require students
to study materials displayed on a computer screen and organized in a nonlinear structure. Do these nonlinear hypertext and
hypermedia instructional materials impact students' ability to accurately assess their own test readiness and thus to effectively
regulate their study processes? If so, then the promotion of hypermedia instructional materials in the college environment may
create unintended stumbling blocks to academic success.

Literature Review
The research literature to date does not address this issue. Although numerous studies have examined the use of hypertext and

hypermedia as instructional media, there is no body of literature addressing impacts of hypermedia on self-regulation of the
learning process. Some studies do, however, suggest there may be cause for concern.

Conklin (1987) noted two fundamental issues with hypermedia: disorientation and cognitive overhead. Hypermedia reading
requires much greater mental effort in managing the reading process (compared to the simple page-turning of print
environments); this mental activity can divert mental resources from the intellectual activity of reading and learning (Dede &
Palumbo, 1991). Hypermedia users may lack the navigational skills needed to be successful in hypertext -based learning (Lawless
& Kulikowich, 1996; Schroeder & Grabowski, 1995). Domain knowledge of the individual reader is a key determinant of a
reader's ability to successful learning in the hypertext environment (Beishuizen et al., 1994; Lawless & Kulikowich, 1996).
Reading text from the computer screen generally requires more time (Belmore, 1985; Gould, Alfaro, Finn, Haupt, & Minuto,
1987; Grice, Ridgeway, & See, 1991; Kearsley, 1988). Some experiments have found poorer comprehension with computer-
based text (Belmore, 1985; Feldmann & Fish, 1988; Fish & Feldmann, 1987; Reinking & Schreiner, 1985).

Although silent on the question of hypermedia impacts, reading and cognition researchers have investigated learning self-
regulation. During the past 15 years, a number of research studies have explored learning self-regulation using a research
paradigm known as "calibration of comprehension" (Lin & Zabrucky, 1998). In the current research, the calibration of
comprehension paradigm has been adapted to investigate study self-regulation in a hypermedia learning environment.

In a typical calibration experiment, subjects read expository text and then are asked to predict their performance on a simple
objective test over the materials read. Actual test performance is compared to self-assessed predicted performance using a
correlation coefficient. Subjects able to accurately predict their performance are considered "highly calibrated" regardless of their
performance on the test. Likewise, subjects who do not predict their performance accurately are considered "poorly calibrated."

Calibration of comprehension research has shown correlation between predicted performance and actual performance ranging
from virtually zero to greater than r = .60 (Lin & Zabrucky, 1998). Calibration research has also identified several ways in which
research designs can maximize the probability of detecting calibration if it is indeed taking place. These guidelines were
followed in the current research project:
1. Since posttest performance predictions may be influenced by subjects' prior knowledge of the topic (Glenberg & Epstein,

1987) and by subjects' interest in the topic (Glenberg et al., 1982; Lin et al., 1997), some method of assessing these subject
attributes may be useful in the study.

2. Text should be of moderate difficulty for the research subject population (Weaver & Bryant, 1995; Weaver et al., 1995).
3. Posttests should have more than one question per text segment. Weaver (1990) found four questions per text to produce

VZ, significantly more accurate indications of calibration than a single question per text.

tr) 4. Since subjects are better able to inventory their understanding and retention of facts than they are their ability to recognize
logical inferences, posttest questions should deal with the recognition of facts and ideas (Glenberg et al., 1987; Pressley et
al., 1987).
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Experiment
Presentation technology (paper or computer) and content structure (linear or nonlinear) were independent variables in this

2x2 factorial design quantitative study. As illustrated in Figure 1, instructional materials were differentially formatted to create
the four experimental treatments. Content was identical in each treatment and consisted of eight topics. The instructional
materials (and corresponding test questions) were adapted from a well-established curriculum and test bank.
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LP Environment
Linear text in paper form (book).

LC Environment
Linear text on computer.

Figure I. Experimental treatments created by varying presentation technology and content structure.

Experimental subjects (undergraduate students at a small private college) were randomly assigned to the four treatment
groups. Each treatment group had 17 subjects. After studying the treatment instructional materials, subjects predicted test
performance on each of the eight topics. Upon completion of an objective posttest, a comprehension calibration coefficient (the
dependent variable) was calculated for each subject by correlating the eight performance predictions with the actual test scores on
the eight topics using the Pearson product-moment correlation.

As noted above, the research literature suggests that subject interest in the study topic, subject expertise in the topic, and
subject motivation to perform in the posttest may all be covariates with the calibration coefficient. Length of study time might
also reasonably be a covariate. Based on researcher-recorded reading times and subject self-reported measures of interest,
expertise, and motivation, no significant covariance was found.

To assess the impact of presentation technology and content structure on subject calibration of comprehension, data generated
in the experiments were subjected to hypothesis testing:
1. H01: There was no significant difference between the calibration coefficients for the computer technology treatment and the

paper technology treatment. (Rejection of this hypothesis would mean the presentation technology influences calibration.)
2. H02: There was no significant difference between the calibration coefficients for linear structure treatment and the nonlinear

structure treatment. (Rejection of this hypothesis would mean the linear/nonlinear aructure of the instructional materials
influences calibration.)

3. H03: There was no significant interaction effect between the technology and structure treatments as measured by the
calibration coefficient. (If hypothesis H03 were to be rejected, then three more hypotheses would be tested.)

4. Ho3a: There was no significant difference between the calibration coefficients for the linear paper treatment and the
nonlinear computer treatment. (This hypothesis compared a typical book format to nonlinear computer hypermedia.)

5. Ho3b: There was no significant difference between the calibration coefficients for the nonlinear computer treatment and the
nonlinear paper treatment. (This hypothesis compared calibration when reading from a website to calibration when reading
from a printed copy of the website.)

6. Ho3c: There was no significant difference between the calibration coefficients for the nonlinear computer treatment and the
linear computer treatment. (This hypothesis compared two different design approaches for hypermedia.)

Experimental Results
The dependent variable, referred to as the "calibration coefficient", was a Pearson Product-Moment Correlation calculated

between subjects' self-predicted performance on eight fallacy topics with their actual posttest scores on those topics. The mean
value of the calibration coefficient is 0.09 which is significantly greater than zero, t(67) = 1.95, p<0.05. The median value of the
calibration coefficient variable is 0.15. Figure 2 displays the distribution of the calibration coefficient for the experimental
subjects.
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Figure 2. Distribution of dependent variable.
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An analysis of variance was conducted to determine if treatments or treatment interactions affected subjects' ability to predict
test performance and thus regulate their study processes. As noted in Table 1, treatment effects were not statistically significant
nor were there statistically significant interaction effects. Thus, the first three hypotheses are not rejected and the second three
hypotheses are not tested.

Table 1. ANOVA with calibration coefficient as dependent variable

Source SS df MS

Structure .176 1 .176 1.251

Technology .020 1 .020 .146
2-way Interaction .050 1 .050 .354
Residual 9.005 64 .141

Post hoc power analysis with p<0.05 indicates a power level less than 0.20

Several aspects of the experimental data warranted further investigation:
1. The mean of the calibration coefficients, while statistically greater than zero, was disappointingly low. The 0.9 mean is

reminiscent of the earliest calibration research and was expected to be higher since the research meticulously followed
guidelines developed in the calibration research literature.

2. The distribution of the calibration coefficient shown in Figure 2 is disturbing. It has the general appearance of a random
normal distribution centered on zero and shows a large number of "negatively calibrated" subjects. Negative calibration
coefficients imply that subjects consistently score poorly on topics they think they know well and vice versa. Negative
correlation is not addressed in the calibration of comprehension literature and has no obvious ties to real world learning
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experiences. The negative correlation found in the calibration coefficient distribution suggests a major random process
underlying the calibration coefficient.

3. The test questions (along with the instructional texts) have an extensive track record at the host institution. The grade
distributions typical for the posttest questions were well known. Posttest scores were lower and more disperse than expected.

4. Reliability analysis and item analysis indicated problems with the test questions. Since extensive past use of the
instructional materials and test questions suggest these materials are effective and appropriate together, then low reliability
and item analysis scores indicate some other problem in the study methodology.

Taken together, these observations pointed to extensive random guessing by subjects during the posttest phase of the experiment.
The randomizing influence of posttest guessing would produce the symptoms noted above.

Interviews
To obtain further insights into the experimental results, two subjects from each of the four treatment groups were selected for

interviews. For each treatment group, one subject had a high posttest score and a relatively large positive calibration coefficient.
The second subject for each treatment group had a high posttest score and a relatively large negative calibration coefficient.
(Only subjects with high posttest scores were selected to make sure the interviewed subjects were actively engaged in the
experiment's learning task.)

A thirteen-question telephone interview was conducted with each of the eight identified research subjects. The questions
addressed several issues arising from analysis of the experimental data:
1. Effort. Seven of the eight interviewed subjects admitted they would have put much more effort into studying the

instructional materials if a course grade had been at stake. Six of the eight subjects estimated guessing at 20%-40% of the
posttest questions; one estimated guessing at 60% of the questions.

2. Stopping criteria. Interviewed subjects were ask to describe their study "stopping criteria" how they decided when to stop
studying for both real world study tasks and for the experimental task. Only three of the eight interviewed subjects used
the same criteria in the experiment as they typically used when studying for college courses.

3. Anti-calibration. None of the eight interviewed subjects reported study self-regulation difficulties that resemble anti -
calibration.

Based on these interviews, it is clear that subjects were not motivated to study the experimental materials in the same way or
to the same extent they study actual academic materials. It can not be assumed then, that the subjects engaged their normal
calibration skills either. The extensive guessing during the experimental posttest introduced a large-scale random influence to the
experimental data. Thus, it is not clear to what extent the experimental data accurately reflects student calibration in real world
settings.

Other Findings
The interviews revealed four types of study stopping criteria:

1. Process criteria. Several subjects described study "rituals" involving reading/re-reading practices, note-taking, or other
study strategies. Process-oriented students tended to stop studying once the study process was complete.

2. Feel good criteria. Some subjects reported studying until they felt they knew the materials.
3. Feel bad criteria. Other subjects reported studying until they felt like they weren't getting anything more out of the

studying.
4. Time criteria. Some subjects reported studying until they ran out of time and the test was given.

Subjects reported a variety of ergonomic and interface concerns. Eye strain and navigational confusion were mentioned by
subjects reading from the computer screen. One subject noted her "body got bored" reading the hypertext she found the
instructional material interesting, but became physically restless having to sit in one position in front of the computer screen.
Reading from a book would allow her to change physical positions and read for longer periods of time. Subjects noted they were
unable to highlight text on the computer like they did in textbooks. One subject who visualized the book during testing found he
could not use the same memory technique when reading from the computer. Two subjects suggested hypermedia would be an
excellent tool for reviewing materials already read.

Figure 3 presents one of the most interesting observations from the experimental data. The scattergram shows individual
subjects plotted by posttest score performance (x-axis) and predicted performance (y-axis). Regression lines for each of the four
treatment groups are shown, along with the R2 for each regression line.

In examining Figure 3, it is obvious that the LP treatment (the treatment representing traditional studying from a textbook) is
noticeably different from the other treatments. The regression line and R2 for the LP treatment suggests that students who scored
better on the posttest were also better able to predict their performance than students who did not mastered the material. This is
intuitively appealing, regardless of whether this indicates that better calibrated students learn more or that students who have
learned more are better able to assess their knowledge. Note, however, that the other treatments show no such relationship. Since
the discussion above has already established that the artificial experimental setting heavily influenced the research data, one
cannot presume Figure 3 necessarily represents impacts of the treatments in real world study situations. However, these results
do suggest further study is warranted.
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Summary
The present study is a pioneering foray into an unexplored issue--the calibration of comprehension in hypermedia

environments. In particular, this study was designed to determine if hypermedia instructional materials would impact college
students' ability to assess their own readiness for testing.

Two basic characteristics of hypermedia--content structure and presentation technology --were used as variables to define a
2 x 2 experimental design. The content structure variable could be either linear (L) or nonlinear (N); the presentation technology
variable could be either paper-based (P) or computer-based (C). The variables define four treatment categories: linear paper-
based materials (LP), linear computer-based materials (LC), nonlinear paper-based materials (NP), and nonlinear computer-based
materials (NC).

After reading the instructional materials, but before seeing the posttest questions, subjects were asked to predict their test
performance on questions for each of the eight topics contained in the instructional materials. The posttest generated eight
different scores--one for each of eight topics contained in the experimental materials. For each subject, a Pearson Product-
Moment Correlation (Pearson r) was calculated by pairing the eight posttest scores with the eight score predictions. These
Pearson r values--called calibration coefficients--served as the dependent variable in the experiment.

Although statistically significant calibration was detected, analysis of variance found no statistically significant treatment or
interaction effects. Data analysis and interviews suggest that subjects did not study at the same level of effort or use the same
study strategies as used in real-world academic test preparation. This lack of preparation resulted in greater levels of guesswork
during the posttest and thus increased randomness in the experimental data. Since students may not have used the same study
strategies in the experiment as they use in actual academic coursework, it is not certain whether the findings of the experiment
can be applied to actual college coursework environments. However, additional statistical analysis suggests that learning with
unfamiliar media may impact calibration of comprehension for some students and that further investigation is needed. Future
research seeking to address calibration in academic settings should be incorporated into academic coursework where possible.
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