JI. of Educational Multimedia and Hypermedia (1999) 8(3), 255-277

Effects of Hypermedia on Students' Achievement:
A Meta-Analysis

Yuen-Kuang CIiff Liao
Department of Elementary Education
National Hsinchu Teachers College, Taiwan
521 Nan-Dah Road, Hsinchu City, Taiwan
yliao@cc.nhctc.edu.tw

A meta-analysis was performed to synthesize existing research comparing the effects of
hypermedia verse nonhypermedia instruction (e.g., CAl, text, traditional, videotape
instruction) on students' achievement. Forty-six studies were located from three sources,
and their quantitative data were transformed into Effect Size (ES). The overall grand
mean of the study-weighted ES for all 46 studies was 0.41. The results suggest that
hypermedia instruction is more effective when there is no instruction for the comparison
group or when the comparison group used videotape instruction. However, CAIl and text
instructions are slightly more effective than hypermedia instruction. As a whole, the
results of this analysis suggest that the effects of hypermedia instruction on students'
achievement are mixed, depends on what type of instruction it compares to. In addition,
four of the seventeen variables selected for this study (i.e., instrumentation, type of
research design, type of delivery system, and comparison group) had a statistically
significant impact on the mean ES.

The results from this study suggest that the effects of using hypermedia in instruction are
positive over non-hypermedia instruction as a whole. The results of this study also
provide to classroom teachers an accumulated research-based evidence for using
technology in instruction.

Media comparison studies were the primary focus of most research on media in
education from 1920s through the 1960s. Yet, during this period many researchers
found problems in the nature of media comparison studies. Problems included faulty
theoretical assumptions, deficient experimental designs, and lack of consistently
significant findings (for details see Thompson, Simonson, & Hargrave, 1992). In 1983,
Richard Clark evoked considerable controversy in the field of educational technology
with the publication of his article, "Reconsidering Research on Learning From Media," in
the Review of Educational Research. (Ross, 1994). After reviewing the results of reviews
and meta-analyses of research comparing the learning advantage of various media,
Clark (1983) claimed that there are no learning benefits to be gained from employing any
specific medium to deliver instruction . According to Clark, the results of those studies
that appear to favor one medium over another are not due to medium but due to the
method or content that is introduced along with the medium. Clark (1983) concludes that
"..media do not influence learning under any conditions" (p.445). Kozma (1994)
challenged Clark's claims by refraining the question from "Do media influence learning?"
to "Will media influence learning?" Komza analyzed the results of two significant and
effective instructional environments (i.e., ThinkerTools, and The Jasper Woodbury
Series) to identify causal mechanisms by which media may have influenced learning. He
argued that "...Clark's separation of media from method creates an unnecessary and
undesirable schism between the two. Medium and method should have a more integral
relationship. Both are part of the instructional design” (p.16). Clark and Kozma may be
both right, based on their own definitions of "media" and "method.” However, from an
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instructional designer's point of view, Clark might overlook the fact that certain media
attributes make certain methods possible, particularly when new technology, such as
hypermedia, is used as the delivery system.

Hypermedia as a new technology is basically a most recent forms of computer-based
instruction (CBI), which has been widely used in America for about two decades. The
current notion of hypermedia is formed by two different fields: one is multimedia and the
other is hypertext (for details see Burton, Moore, & Holmes, 1995). Because of this, the
definition of hypermedia is sometimes confused. The terms multimedia, interactive
video, and hypermedia are often used synonymously in much of the literature. For
example, Gayeski (1993) defined hypermedia as "...a classification of software programs
which consist of networks of related text, graphics, audio files, and/or video clips through
which users navigate using icons or search strategies" (p.5). Schwier and Misanchuk
(1993) defined interactive multimedia as "...an instructional program which includes a
variety of integrated sources in the instruction. The program is intentionally designed in
segments, and viewer responses to structured opportunities influence the sequence,
size, content, and shape of the program” (p.324). In one sense, these two definitions are
much alike; they all consist of two fundamental concepts: one is multiple representations
of information, and the other is interactivities between users and this information. Burton,
Moore, and Holmes (1995) suggest a broader definition of hypermedia which includes
both interactive video and multimedia.

Hypermedia has become "...the hottest thing to happen to education since the arrival of
the microcomputer” (Moore, 1994, p.5). Researchers and educators have noted the
potential of hypermedia in education. Trotter (1989), for example, indicates that
hypermedia employs a strategy that is advantageous to students since the learner is (a)
in charge and (b) can use a variety of media to approach the subject. Moore (1994) also
points out that many publications and promotions note the advantages of using
hypermedia including the addition of combining sound and picture, the interactive
opportunities for the learner, the ability to structure one's learning approach, the ability of
the system to "remember," the ability to pursue cross-reference, and the increase of the
learner's control over the subject matter.

In spite of claims regarding the potential benefits of using hypermedia in education, and
the controversial issues about the relationship between media and learning, research
results comparing the effects of hypermedia and nonhypermedia instruction are
conflicting. For example, Bain, Houghton, Sah, and Carroll (1992), Barnes (1994), Chen
(1993), Delclos, and Hartman (1993), Gretes, and Green (1994), Liu, and Reed (1995),
Overbaugh (1995), Smith, Jones, and Waugh (1986), and Toro (1995) all report
significant gains for hypermedia over nonhypermedia instruction. On the other side,
Azevedo, Shaw, and Bret (1995), Barker (1988), D'Alessandro, Galvin, Erkonen,
Albanese, Michaelsen, Huntley, McBurney, and Easley (1993), Hess (1994), Kinzie
(1993), Leonard (1992), McCoy (1994), Rojewski, Gilbert, and Hoy (1994), Sheldon
(1995), and Tabar (1991) have found no significant differences between hypermedia and
nonhypermedia instruction. One study (Havice, 1995) even reports significant gains
favor nonhypermedia instruction. Recently, a descriptive review of research on
hypermedia-based learning (Ayersman, 1996) provides deep discussion about various
types of hypermedia studies on students' learning. Yet, owing to the contradictory
evidence provided by existing research in the area, it is important to conduct a meta-
analysis to clarify the research conclusions. The results of this meta-analysis may also
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shed light on the debatable issue regarding the relationship between media and
learning.

The definition of hypermedia may be varied based on different source of information;
however, it is not the intention of this study to discuss the different definitions of
hypermedia. For the purpose of the present metaanalysis, studies employed interactive
multimedia, multimedia simulators, and level Ill (or above) (see Alessi & Trollip, 1991,
p.415) interactive videodiscs as delivery systems were considered in a broader definition
of hypermedia and were included in the synthesis.

PROCEDURE

The research method used in this study is the meta-analytic approach which was similar
to that suggested by Kulik, Kulik, and Bangert-Drowns (1985). Their approach requires a
reviewer to (a) locate studies through objective and replicable searches; (b) code the
studies for salient features; (c) describe outcomes on a common scale; and (d) use
statistical methods to relate study features to outcomes (Kulik, Kulik, & Bangert-Drowns,
1985). Their method differs from Glass, McGaw, and Smith (1981) approach is that a
single study, defined as the set of results from a single publication, is weighted equally to
all other studies, so that aggregate multiple effect sizes from one study can be avoided.

The purpose of this study was to synthesize and analyze the research on effects of two
instructional approaches. It is important to define these approaches to provide for proper
selection of appropriate studies.

Hypermedia Instruction (HI): classes using computer-based interactive videodiscs (level
3 or above), computer simulators, or interactive multimedia as instructional tools to teach
students.

Non-Hypermedia Instruction (NHI): classes or labs not using hypermedia instruction
(e.g., traditional instruction, computer assisted instruction, or videotapes) to teach
students.

Data Sources: The studies considered for use in this meta-analysis came from three
major sources and were published from 1986 to 1998. One large group of studies came
from computer searches of Education Resources Information Center (ERIC). A second
group of studies came from Comprehensive Dissertation Abstracts. A third group of
studies was retrieved by branching from bibliographies in the documents located through
review and computer searches.

Forty-seven studies were located through these search procedures; 14 studies came
from ERIC, 26 studies were retrieved from published journals, and 7 studies were from
Comprehensive Dissertation Abstracts. However, one study reported by Liu and Reed
(1995) had an Effect Size (ES) several times higher than mean ES of other studies
included in the synthesis (i.e., ES = 6.54 for Liu & Reed's study). The study was
therefore considered as outlier and excluded from this meta-analysis.

Several criteria were established for inclusion of studies in the present analysis.

1. Studies had to compare the effects of hypermedia vs. non-hypermedia
instruction on students' achievement.



JI. of Educational Multimedia and Hypermedia (1999) 8(3), 255-277

2. Studies had to take place in actual educational settings. There was no re-
striction on grade level.

3. Studies had to provide quantitative results from both hypermedia and
non-hypermedia classes.

4, Studies had to be retrievable from university or college libraries by interlibrary
loan or from ERIC, Dissertation Abstracts International, or University Microfiche
International.

5. Studies were published between 1986 and 1998.

There were also several criteria for eliminating studies or reports cited by other reviews:
(a) studies did not report sufficient quantitative data in order to estimate ESs; (b) studies
reported only correlation coefficients'/,r value or Chi-square value; and (c) studies could
not be obtained through interlibrary loans or from standard clearinghouses.

Outcome Measures

The instructional outcome measured most often in the 46 studies was student learning,
as indicated on standard or researcher-develop achievement tests at the end of the
program of instruction. For statistical analysis, outcomes from a variety of different
studies with a variety of different instruments had to be expressed on a common scale.
The transformation used for this purpose was the one recommended by Glass et al.
(1981) and modified by others (e.g., Hunter, Schmidt, & Jackson, 1982). To reduce
measurements to a common scale, each outcome was coded as an ES, defined as the
difference between the mean scores of two groups divided by the pooled standard
deviation of two groups. For those studies that did not report means and standard
deviations, F values, t values, or proportion values were used to estimate the ES; these
formulas are presented in Table 1. Also, in studies which used one-group pretest-
posttest design, in which a control group did not exist, an alternative approach
suggested by Andrews, Guitar, and Howie (1980) was used. In their approach, the ES is
estimated by comparing the posttreatment mean with the pretreatment mean, and
dividing by the pooled standard deviation.

In most cases, the application of the formula given by Glass and his colleagues was
guite straightforward. But in some cases, when more than one value was available for
use in the formula of ES, the value that measured outcomes most correctly was
selected. For example, some studies reported both differences on posttest measures
and differences in pre-post gains, and some studies reported both raw-score differences
between groups and covariance-adjusted differences between groups. In such cases,
pre-post gains and covariance-adjusted differences were selected for estimating ES.

In addition, when studies used more than one type of control group (e.g., HI vs.
traditional instruction and HI vs. CAl), each of the comparison related to the present
meta-analysis was estimated for ES separately. In other cases, several subscales and
subgroups were used in measuring a single outcome (e.g., those that reported separate
data by gender or grade). In such cases, each comparison was weighted in inverse
proportion to the number of comparisons within the study (i.e., 1/n, where n = number of



JI. of Educational Multimedia and Hypermedia (1999) 8(3), 255-277

comparisons in the study) so that the overweighing of ES of a study could be avoided
(see, a g., Waxman, Wang, Anderson, & Walberg, 1985, p. 230).

Variables Studied

Seventeen variables were coded for each study in the present synthesis. These
variables are listed in Table 2. Each of these variables was placed in one of the following
sets of characteristics: (a) study characteristics, (b) methodological characteristics, and
(c) program characteristics. The first two variables in the study characteristics were
coded because it is important to know how effects are related to sources of information
over time. The other two variables (i.e., subject area and grade level) in the study
characteristics were coded so that potential different effects for subjects with different
backgrounds could be detected. Seven variables placed in the methodological
characteristics were coded so that effects related to characteristics of research
procedures could be detected. The last six variables in the program characteristics were
coded because it is critical to know how effects are related to nature and design of the
primary research. Each variable was employed as a factor in an analysis of variance
(ANOVA) to investigate whether there were significant differences within each variable
on the ES.

Coder Reliability

To obtain more reliable outcomes from coding, two investigators coded the studies. One
investigator coded each of the studies on each of the independent variables. As a check
for accuracy, a second investigator coded three studies independently. The intercoder
agreement for the studies coded by both of the investigators was 89%. In addition, the
different codings on each of the studies between two investigators were discussed.

RESULTS

The number of comparisons and the study-weighted ESs are reported in Table 3. Of the
46 studies included in the present synthesis, 28 (61%) of the study-weighted ESs were
positive and favored the HI group, while 17 (37%) of them were negative and favored the
NHI group. Only 1 (2%) of them showed no difference between HI and NHI groups. The
range of the study-weighted ESs was from -0.91 to 3.13. The overall grand mean for all
46 study-weighted ESs was 0.41. When this mean ES was converted to percentiles, the
percentiles on students' achievement were 66 for the HI group and 50 for the NHI group.
The overall grand median for all 46 studyweighted ESs was 0.15, suggesting that
percentiles on students' achievement were 56 for the HI group and 50 for the NHI group.
The standard deviation of 0.87 reflects the great variability of ESs across studies.

Among the 143 ESs included in the present synthesis, 86 (60%) were positive and
favored the HI group, while 53 (37%) were negative and favored the NHI group. Only 4
(3%) of the ESs indicated no difference between HI and NHI groups. The range of the
ESs was from -0.85 to 3.13.
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The ESs for the 143 comparisons showed that despite several large effects, most of the
ESs were small to moderate in magnitude. About 90% of ESs lie between -0.5 and 0.5,
while less than 7% of the ESs were greater than 0.5.

Figure 1. The Scatter Diagram of Effect sizes

Table 4 lists the F values for the 17 variables for all study-weighted ESs in the study.
Descriptive statistics for the 17 variables are presented in Table 5. Four variables,
instrumentation, type of research design, type of delivery system, and comparison group
showed statistically significant impact. For each of these variables, a post hoc (Fisher?
Protected LSD) test was performed.

The post hoc test for instrumentation, (F(2,43) = 3.241, p<.05), showed that the mean
comparison of studies in which the instrumentation was coded as unspecified was higher
than the studies employed local or standardized instruments. There were no significant
differences found between the mean comparison of studies using local instruments and
standardized instruments.

The post hoc test for type of research design, (F(3,42) = 6.998, p<.001), showed that the
mean comparison of studies coded as one group repeated measure was significantly
higher than studies coded as pretestposttest control group, nonequivalent control group,
or posttest only control group designs. There were no significant differences found
among the mean comparison of studies coded as pretest-posttest control group,
nonequivalent control group, and posttest only control group designs.

For type of delivery system, (F(2, 43) = 3.951, p<.05), the post hoc test showed that the
mean comparison of studies in which simulators were employed was significantly higher
than studies in which interactive multimedia were employed as delivery systems. There
were no significant differences found between the mean comparison of studies in which
computerbased interactive videodisc and interactive multimedia were used. In addition,



JI. of Educational Multimedia and Hypermedia (1999) 8(3), 255-277

no significant differences were found between the mean comparison of studies in which
simulators and computer-based interactive videodiscs were employed.

Finally, the post hoc test for comparison group, (F(5, 48) =4.876, p<.01), showed that
the mean comparison of studies with no comparison group (i.e., one group repeated
measure) was significantly higher than studies in which the comparison groups using
traditional instruction, CAI, textbooks only, or other types of instruction (e.g.,
audiotapes). In addition, the mean comparison of studies in which the comparison group
using videotapes was significantly higher than the studies in which the comparison
groups using CAl.

DISCUSSION

The results of this meta-analysis indicate that hypermedia instruction has moderately
positive effects on student achievement over the non-hypermedia instruction. An effect is
said to be medium when ES = 0.5 and large when ES = 0.8 (Cohen, 1977). Sixty-one
percent of positive study-weighted ES values and 60% of positive ESs overall also
confirm the effectiveness of hypermedia instruction. The moderateness of the effect
must be keep in mind, however; the overall study-weighted mean ES of 0.41 only
indicates 16 percentile scores higher than the NHI group. The percentile scores for the
overall grand mean and median were 66 and 56, respectively. The difference of 10
percentile points between them was possibly attributed to the large overall grand
standard deviation (0.87). The analysis of studied variables suggests some interesting
trends in the accumulated research base and is discussed in the following sections.

Study Characteristics

Source of studies in a meta-analysis is always an important factor to be examined. The
fact that more than half of studies were located from journal articles indicates that the
majority of studies included in the synthesis have been critically reviewed by journal
reviewers. The smallest ES associated with Dissertation/thesis is not surprising; usually
the larger ES associated with published articles is typical in meta-analysis (Glass, et al.,
1981, p. 227).

The year of publication variable in the meta-analysis allows an assessment of the effect
of hypermedia over time. About two-thirds of studies located were published after 1993
suggesting hypermedia studies have just become more popular recently; it is expected
that more studies will be published soon.

Hypermedia studies conducted to measure students' achievement tend to focus on
specific subject areas. Studies included in the present meta-analysis were spread in a
wide range of subject areas. About 37% studies examined the effects of hypermedia for
teaching medicine or science. Another 28% of studies concentrated on the teaching of
language, reading, or writing. Although no significant differences on ES were found
among subject areas, the various subjects examined seem to suggest that hypermedia
has the potential to implement in many different subject areas. However, there was one
subject area (i.e., art/music) that showed negative mean ES, suggesting the effects of
hypermedia may vary for different subject areas.

For the grade-level variable, there was no significant difference of mean ES. However,
the smallness of the ES associated with secondary school subjects may have been due
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to the fact that different instructional approaches were used for these students as
compare to other students. More studies need to be conducted to clarify this variable.

Methodological Characteristics

The sample size for a study may significantly affect the statistical power of the study; in
general, the larger the sample size, the better the statistical power. The sample sizes for
about 65% of studies included in the synthesis were less than 80, and the mean ES for
these studies was about 0.6. For studies in which the sample size went beyond 80, the
mean ES dramatically dropped to 0.033. This seems to suggest that the effects of
hypermedia on students' achievement may only work for small to medium sample size.
How to retain the positive effects of hypermedia for a larger sample size will be a critical
guestion for researchers and educators as well.

After reviewing several meta-analysis of media research, Clark (1983) suggested that
the positive effects of media seemed to be the uncontrolled effects of instructional
method or content differences between treatments that were compared; he concluded
that effects more or less disappeared when the same instructor delivered all treatments.
The results of the present meta-analysis show that studies using the same instructors
and no instructor for treatments had higher ES than studies using different instructors.
The fording clearly indicates that the positive effects of hypermedia instruction over
nonhypermedia instruction should not be confused with the uncontrolled effects of
instructional method noted by Clark.

For instrumentation, over 75% of studies used researcher-develop instruments, and only
less than 20% used standardized instruments. This is possibly because hypermedia is
still a new field in educational research and there are not many published instruments
available. Although a significant higher ES was found for studies coded unspecified,
there were only 2 studies in this category; this result may be considered tentative.

For type of research design, studies which employed repeated measures had
significantly higher ES than other types of designs. In general, repeated measure design
is considered as methodologically weaker than other designs. This result along with the
results of analyses of sample size, reliability of measure and statistical power suggests
that studies which employ weaker research designs may obtain higher ES.

Program Characteristics

Type of application is always a critical concern for hypermedia studies. About 76% of the
hypermedia programs used in the 46 studies were tutorials or simulators and obtained
higher ES, suggesting that these two types of applications may be more appropriate for
hypermedia instruction than others.

For type of delivery system, the greater ES was associated with studies using computer
simulators possibly because simulators may provide more vivid situations for learning
and that may enhance students' achievement. However, since there were only 3 studies
that used simulators, this result may be considered tentative.

For comparison group, it is quite obvious that the overall grand studyweighted mean ES
of 0.41 was mostly contributed by studies compared to no comparison group (ES =
1.048) and studies compared to videotape instruction (ES = 0.736). This result suggests
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that hypermedia instruction becomes more effective when there is no instruction for the
comparison group (i.e., one-group repeated measure design) or when the comparison
group used videotape instruction. However, the negative ESs associated with CAI and
text (e.g., textbooks or handouts) instructions suggest these two types of instructions are
slightly more effective to students' achievement than hypermedia instruction. The effects
of hypermedia instruction over traditional instruction are trivial. As a whole, the results of
this analysis suggest that the effects of hypermedia instruction on students' achievement
are mixed, depends on the type of instruction it compares to. It is possible that different
media attributes may provide different learning environments that influence students'
achievement.

Of the 46 studies included, 24 (51%) studies employed individual instruction for the
hypermedia classes; 12 (25%) studies were for small group instruction; only 5 (11 %)
studies were for large group instruction. Although the differences of mean ES among
studies used individual, small group, and large group instruction were trivial, the
observable differences in number of studies among these groups suggest that
hypermedia instruction may be more preferable if it is implemented in individual or small
group settings.

It is usually difficult for teachers to decide whether use a new innovation as a
replacement for usual instruction or as a supplement to instruction. In most cases, the
decision depends on which approach can provide more effective outcomes. Although no
significant main effect was found, the mean ES for supplement group was 0.18 higher
than the replacement group, suggesting hypermedia may be more effective when used
as a supplement to traditional instruction.

Duration of treatment is usually a critical variable in meta-analysis. Clark (1983), after
reviewing several meta-analyses of CAl, suggested that the effects of new media to
instruction were due to a novelty effect, because the ES was reduced when treatment
lasted for longer period of time. Liao and Bright (1991) also reported this novelty effect in
their meta-analysis of programming on students' cognitive abilities. Although no
significant difference was found for this variable, the results of this synthesis do not quite
support the previous viewpoint of novelty effect. The mean ESs for studies lasting I-4
months or less than 1 week were higher, while the mean ESs for studies lasting 1-4
weeks or over 4 months were lower. There may be some unknown effects related to the
duration of treatment that influence students' outcomes from hypermedia instruction. Or,
there may be different instructional features among hypermedia, CAl, and programming
that result in the distinct outcomes from their perspective meta-analyses.

CONCLUSION

The results from this study suggest that the effects of using hypermedia in instruction are
positive over nonhypermedia instruction as a whole, however, the effects may be varied
depending on what type of instruction that hypermedia compares to. The results of this
study also provide some evidences which disagree with Clark's viewpoint about the
relationship between media and learning. While many educators devote tremendous
efforts with great expectation that technology will dramatically increase students'
academic achievement, the results of this study provide to classroom teachers an
accumulated research-based evidence for using technology in instruction. Left
unanswered is the question of what factors truly affect the diverse outcomes for different
types of instructions. Studies of this question will require further clarification of the
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distinct attributes between hypermedia and various types of instructions, and their
relationships with learning. This meta-analysis points out only that improvements of
students' academic achievement are possible. That information by itself is useful.

10
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