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Introduction
The Government of Canada has charged Industry Canada with a mandate “to help make
Canadians more productive and competitive in the knowledge-based economy, thus
improving the standard of living and quality of life in Canada”
(http://www.ic.gc.ca/cmb/welcomeic.nsf/ICPages/Mandate ). Connectedness — the
ability to take advantage of information resources — is an important element in the
Government’s strategy:
Connectedness is at the foundation of the knowledge economy and
society. The speed and efficiency with which Canadians gain access to,
and take advantage of, the Information Highway is of the utmost
importance if we are to continue to foster a competitive Canadian presence
in the global economy. Making sure that Canadians can access
opportunities offered by the knowledge economy is also an essential factor
in sustaining productivity growth and quality of life for all Canadians.
(http://www.ic.gc.ca/cmb/welcomeic.nsf/532340a8523f33718525649d006
b119d/f3785d91b380411f05256c6800556711!OpenDocument )
Industry Canada’s approach to connectedness is based upon activities, programs, and
policies related to the three pillars of the network age: infrastructure, use, and content.
Connectedness is seen as a crucial part of an economy based on innovation by providing
infrastructure and ensuring “that all Canadians have the means to participate in the
creation and sharing of knowledge.” It is the government’s intention that “all Canadians
must be able to access an affordable, world-class communications infrastructure in their
regular day-to-day activities, as well as in times of emergency.”
(http://www.ic.gc.ca/cmb/welcomeic.nsf/532340a8523f33718525649d006b119d/f3785d9
1b380411f05256c6800556711!OpenDocument )
Lifelong education is a key ingredient in ensuring that Canadians are knowledgeable and
productive citizens. In 2001, the Advisory Committee on On-Line Learning — a joint
committee of the Council of Ministers of Education, Canada (CMEC) and Industry
Canada — developed a research agenda related to on-line learning from which the topic
for this review was derived.
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1.

Background

1.1

The research questions

In order to make informed and justifiable decisions about the allocation of scarce
resources, Government needs research evidence about the use of information and
communication technologies (ICTs) in lifelong education. Government has a broad range
of criteria that it might use to evaluate the contribution of information and
communication technologies to ensure that Canadians can take advantage of
opportunities offered by the knowledge economy.
For instance, Government could assess information and communication technologies in
terms of universality, effectiveness, efficiency, accountability, and choice. Universality is
concerned with ensuring that all individuals have access to and can benefit from an
educational experience. Universality obliges agencies to accommodate those whose
location or physical, emotional, or intellectual characteristics might preclude their access
to, or their achievement of the benefits from, the educational experience. To achieve
universality, persons whose location or physical condition mitigates their access to
educational opportunities may benefit from the use of information and communication
technologies, just as ramps are used by persons confined to wheelchairs, material in
Braille is used by those who are blind, and instructors who can sign are used by those
who are hearing impaired. Effectiveness is concerned with the achievement of the
intended objectives of the educational experience. Efficiency is concerned with producing
the maximum benefits possible for the given expenditure of public monies.
Accountability is concerned with reporting to the public about how resources it provided
have been used to achieve the goals of the initiative. Choice is concerned with the latitude
accorded the learner in decisions about the knowledge needed to realize his or her
objectives. Although people might prize all of these values, all five cannot be fully
realized simultaneously; they are incommensurable.
Given temporal and other resource limitations, Industry Canada in partnership with the
Council of Ministers of Education, Canada sought answers to two categories of questions.
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Category 1:
Is the research literature devoted to on-line and networked learning capable of
answering questions requiring inter-subjectively testable hypotheses1 according to the
principles that guide the policy-oriented work of the Campbell Collaboration?2
•
•

Is on-line and networked learning more effective than classroom-delivered
instruction?
Is on-line and networked learning more efficient than classroom-delivered
instruction?

In answering these questions and to the extent that resources permit, we were asked to
attend to the moderating influence of:
•

learner characteristics such as: gender, age, language, prior education, physical
and mental (dis)abilities; extent and nature of prior preparation for using on-line
or networked resources.

1

Using such hypotheses, the phenomena should be described in a sufficiently clear and detailed
representation that others can reproduce the phenomena or observe the phenomena under the same
conditions.

2

Campbell and Stanley (1963) and Cook and Campbell (1979) identified factors that threaten the
inferences that can be drawn from studies of interventions (or treatments) when conditions internal to
studies make it difficult to support a claim of difference (internal validity) or that raise questions about the
application of the findings to situations that differ from those initially studied (external validity). These
factors include: (1) the impact of events occurring between administrations of the measurements used to
assess change (history); (2) changes in the persons taking part in the study that would have occurred over
time even in the absence of an intervention (maturation); (3) the influence of a prior test on the participant’s
performance on a second or subsequent test (practice); (4) changes in measurement procedures that might
affect outcomes (instrumentation); (5) the tendency of scores to regress to the mean when groups of
participants have been composed on the basis of extreme scores or characteristics (regression); (6) the bias
introduced when participants volunteer or are selected for membership in a particular condition (selection);
(7) the loss of participants while a study is being conducted; (8) selecting groups for comparison that may
have changed or matured independently of the intervention (interaction of selection and maturation); (9) the
tendency of persons being studied to perform better because they are being studied (John Henry or
Hawthorne effect); (10) the fact that prior measurement might increase or decrease a participant’s
sensitivity to a subsequent measure (sensitization); (11) misattributing to other settings results that were
produced because of the way the study was conducted (reactivity to experimental conditions); and (12) the
difficulty isolating effects when participants take part in several treatments prior to their performance being
assessed (interference).
Campbell, D.T. & Stanley, J.C. (1963) Experimental and quasi-experimental designs for research. Boston:
Houghton Mifflin Company.
Cook, T. & Campbell, D. T. (1979). Quasi-Experimentation: Design and analysis issues for field testing.
Boston: Houghton Mifflin.
For Campbell Collaboration Guidelines for the preparation of Review Protocols (Version 1, January, 2001)
see: http://www.campbellcollaboration.org/c2_protocol_guidelines%20doc.pdf
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•

programmatic or situational characteristics such as: duration of study (full- or
part-time); system context (elementary, secondary, postsecondary, workplace
training); geographic location (rural, urban); production features (text, audio,
video, graphics, animation); granularity (modular, global), level of interactivity;
nature and extent of the preparation of the instructional staff.

We were also asked a number of important subsidiary questions:
•

•
•

What are the limitations of the literature devoted to on-line and networked
learning as far as answering questions according to the requirements of intersubjectivity and the principles that guide the policy-oriented work of the
Campbell Collaboration?
How might such limitations be overcome?
Given the state of the field, what are promising directions for research on on-line
and networked learning?

Category 2:
What implications can be drawn from the literature devoted to on-line and networked
learning about the efficacy of government initiatives and partnerships?
Are there promising practices to which government should pay particular attention?

1.2

Definitions

What follows are our working definitions of the key concepts used in the systematic
review:
On-line and networked technologies include all technologies that allow for interactive
communication, such as e-mail, the Internet, networked systems, tele-teaching, and
computer-mediated communication (CMC).
Learning was defined as the act, process, or experience of gaining knowledge or skill in
any setting, including schools, the workplace, and intervention programs.
Effective was defined as producing or being capable of producing a desired effect — in
this case, learning.
Efficient was defined as acting or producing effectively with a minimum of waste,
expense, or unnecessary effort; also exhibiting a high ratio of output to input.
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1.3

Other reviews

As this is an area of intense interest and activity, there have been a number of other
related reviews. Most pertinent to our topic is the forthcoming meta-analysis by Bernard,
Lou, and Abrami (2003), which compares empirical work on distance education and
traditional education from 1985 to the present. This is a comprehensive research study
that has been underway for over two years and as a result has an impressive number of
citations. The studies reveal a small but significant positive effect of interactive distance
education over traditional education for academic outcomes, and a negative effect for
retention rate and student attitude toward subject matter. As this analysis focuses on
distance education in its entirety and includes the research from 1985 onwards, many of
the studies included in the Bernard, et al. review do not come under our purview, yet their
analysis still raises many issues pertinent to our discussion.
Cavanaugh (2001) investigates the effectiveness of interactive distance education
technologies in K–12 learning and conducts a meta-analysis of the available literature.
She finds a small positive effect in favour of distance education on a number of
dimensions, but does not specifically address achievement outcomes. Specifically, she
finds a positive effect for small group size and programs of short duration, and a negative
effect for primary instruction through distance.
Allen, Bourhis, Burrell, and Mabry (2002) compare student satisfaction with distance
education to traditional classrooms in higher education and conduct a meta-analysis of
available research. They find a student preference for traditional instruction, but no
difference in satisfaction levels between the methods of instruction.
All of these studies offer interesting discussion points and will be returned to later. It is
important to keep in mind, however, that these meta-analyzes focus on distance education
as a whole, and as such include many methods that do not fall under the umbrella of
networked education. In addition, they all focus on much broader time frames than our
study (one reference is from 1947), and as a result are commenting on education that,
even if it is networked, may be networked in a very different format than we would see
today.
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2.

Identifying and Describing Studies: Methodology

2.1

Stage 1: Identifying studies

The best systematic reviews make a concerted effort to find all available work on the
topic in question, particularly “grey” research (i.e., research that has not been published,
most often due to null results). As a consequence, we have engaged in as thorough and
innovative a search as we could devise, using both standard library search methods and
directly reaching out to the international research community. The bibliographic details
of all potentially relevant papers found through database, hand, Web site, and
bibliography searches were entered into an EndNote database. The citations found in
each search of a new source were checked against existing material and duplicates were
excluded.

2.2

Reaching out to the international community

In order to find as much grey research as possible, we approached persons from 15
countries who are knowledgeable about information and communication technologies
(see Appendix A for a partial listing of those contacted). Researchers from the following
countries were contacted: Brazil, Canada, Chile, France, Guatemala, Hong Kong, Ireland,
Japan, Mauritius, Norway, Paraguay, South Korea, Sweden, UK, and USA. Many of the
researchers provided material for our review, either in the form of papers they had written
(or a colleague had written), suggestions for contacts, or relevant Web sites. All
suggestions were followed up and reviewed.
On May 5, 2003, we participated in a symposium about “Evidence-Informed Policy:
Current and Future Research in E-Learning” convened in Ottawa by the Council of
Ministers of Education, Canada and Industry Canada, the sponsors of this review. During
our presentation of the plans for the review, we encouraged audience members —
persons deeply knowledgeable about on-line and networked learning — to contact us
with suggestions and citations. We followed up and reviewed the very few suggestions
made.

2.3

Electronic databases

In addition to personally contacting researchers broadly knowledgeable about ICTs, our
research team followed standard search protocol and conducted database searches for
relevant work. As our goal was to have these searches be as multinational as possible, our
research team was chosen for linguistic skill as well as research ability. Among our team
we had members fluent in Mandarin Chinese, Russian, German, English, French, and
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Italian. We also had access to Arabic, Spanish, Japanese, and Korean translators, if
needed.
Team members searched 12 electronic databases: C2SPECTR (Campbell Conference
search site), Cochrane Library, Dissertation Abstracts, EBSCOhost, Educational Index,
ERIC, International ERIC (includes Australian Education Index, British Education
Index), Canada Institute for Scientific and Technical Information Catalogue, PsychINFO,
Sociological Abstracts, Social Sciences Citation Index, and StatsCanada Electronic
Publications.
The search terms (keywords) used by the research team were: ICT and education, On-line
learning, networked learning, on-line education, networked education, distance
education, distance learning education, on-line instruction, elementary education,
technology use and achievement, interactive learning environments, distance education
and tele-learning, Web-based instruction, network-based instruction, technology in
education, digital media in undergraduate education.

2.4

Hand, Web site, and bibliographic searches

The research team reviewed the contents of 85 journals (see Appendix B for the list of
journals). The three members of the team were given a journal to check, and then
reviewed their findings with the Head and Lead Investigator, given feedback on what
their strategies were, and sent to look at the same journals again. After establishing that
all three were using standardized criteria, they were all assigned the same three journals
to search simultaneously: Computers & Education, Journal of Computer Assisted
Learning, and Computers in Human Behavior. Analysis of their searches revealed that
two members had a 92 per cent overlap with each other in their identification of relevant
papers. The third member had only a 75 per cent overlap with the other two, due to being
overly inclusive: he had found all the articles the other two had and more. As we were in
the process of gathering studies to then be coded and weighed for relevance, we believed
that his over-inclusiveness at this stage was not a problem. As a result, we felt confident
that our research team was using a standardized search strategy and would uncover all
articles relevant to the project. We then divided our list of 85 journals among the three
research team members who conducted the hand search.
Bibliographies of papers identified through the above methods were also checked, and
relevant papers obtained when possible.

2.5

Inclusion and exclusion criteria

To be included in the study, papers were required to have investigated the effectiveness
and efficiency of networked and/or on-line learning as compared to standard classroom
learning. By “investigated” we meant that the papers set out to test or compare (using any
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methodology) the effects of networked and on-line learning versus traditional classroom
learning. Papers that did not have an evaluative component such as —descriptions of
programs, policy and discussion papers — were excluded. Given the speed at which
changes in technologies occur and our limited time for the project, our research team was
instructed to focus on the period from 2000 to 2003.
2.5.1 Screening 1
Screening was initially carried out on titles and abstracts alone. The research team
screened all citations found through the electronic database searches. Random samples
were also screened by other members of the research team to ensure reliability. Hand
searches and bibliographic references, Web site, and personal contacts were also screened
for inclusion in or exclusion from the review.
2.5.2 Coding
Full reports were obtained of all papers that passed the initial screening procedure. They
were then coded on a number of different variables (see Appendix C for our coding
sheet). Studies were classified according to the country where the study was conducted,
how they were obtained, the type of intervention provided, characteristics of the
participants (age, gender), and the methodology of the study (qualitative, quantitative).
The presence or absence of certain other experimental criteria was also coded (for
example, whether or not the study had a comparison or control group, whether the groups
were assigned by random selection, and whether or not the person doing the rating was
blind to the group to which the participant had been assigned). In addition, for
quantitative studies, we coded whether or not an effect size was computed or could be
computed based on the information provided.
2.5.3 Screening 2
After coding the full reports, papers were again screened for inclusion. Based on the
information provided by the full report and using the same criteria as the first screening
process, papers were again included in or excluded from the review. Papers that were
included in the review based on the full paper were then entered into a database that
recoded the coding categories for all of the variables of interest.
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3.

Identifying and Describing Studies: Results

3.1

Identification of reports

Table 1 numerically demonstrates our identification and coding process. A total of 5,894
potentially relevant articles were identified. Of these, 5,662 were excluded by screening
abstracts and/or titles. Of the remaining 232 that were then read in full form and coded, a
further 42 per cent (97) were then excluded, leaving a total of 135 that were included in
the study.
Table 1: Identification of reports
Number
Total number of possibly relevant articles identified

5,894

Number of studies excluded based on abstract or title

5,662

Screening 1: Met inclusion criteria on the basis of the
abstract or title; full report obtained and coded

232

Screening 2: Coded full reports that met inclusion criteria
and entered into mapping study database

135

10

4.

Mapping the Relevant Studies

4.1

Characteristics of relevant studies

Papers deemed relevant to our questions were mapped using techniques similar to those
of the Evidence for Policy and Practice Information and Coordinating (EPPI) Centre
reviews. The EPPI-Centre is part of the Social Science Research Unit, Institute of
Education, University of London (http://eppi.ioe.ac.uk/). Mapping requires the analysis of
variables such as language of review (and country of origin), topic, population focus,
study design, and specific keywords. A map provides a resource for a systematic
description of research; a basis for any narrowing of inclusion criteria for a more detailed
and quality assessed research synthesis; and a context for interpreting the results of the
synthesis, including the nature of suggestions for primary research (Gough et al., 2003).

4.2

Countries in which the studies were conducted

Table 2 identifies the number and proportion of studies according to the country in which
the studies were conducted. A majority (56%) were conducted in the United States. A
much smaller percentage of studies (6%) were conducted in Canada. Some of the studies
were done as collaborations between investigators in different countries and were thus
counted twice, resulting in more than 100 per cent as a total. We have a total of 19
different countries represented by at least one paper each, which is due in part to the
emphasis we placed on reaching out to international contacts.
Table 2. Country of study
Number of
Studies

Percentage of
studies

USA

76

56

UK

12

9

Canada

8

6

Taiwan

7

5

South Korea

5

4

Australia

4

3

Israel

4

3

Singapore

3

2

Greece

3

2

China

3

2

Malaysia

2

2

Finland

2

2
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Table 2. Country of study
Number of
Studies

Percentage of
studies

Germany

2

2

Ireland

1

<1

Japan

1

<1

Mexico

1

<1

New Zealand

1

<1

Sweden

1

<1

France

1

<1

Total Countries:

4.3

19

Educational setting of the studies

Table 3 sets out the educational setting for the studies included in the mapping. As a
study could be conducted in more than one setting, the total percentage is again more
than 100. University level settings were by far (77%) the most common. A much smaller
percentage of studies was conducted in secondary and elementary schools (9% each), and
other locations such as the workplace, community centres, and street programs (another
7%).
Table 3. Educational setting of the studies
Setting

4.4

Number of
studies

Percentage of
studies

University

104

77

Secondary School

12

9

Elementary School

12

9

Other (workplace, community centre, etc)

10

7

Total

138

102

Type of technology used in the interventions

Table 4 sets out the type of technology used in the interventions. As this review focused
on on-line and networked learning, by definition all stand-alone systems were excluded.
Within the realm of networking, however, there are still a number of different types of
technologies. For descriptive purposes, we narrowed them into the following categories:
Internet (some aspect of the intervention was conducted with Web-based materials);
networked (such as intranet or networked computers within a school/workplace); teleteaching; e-mail; computer-mediated communication; and other (includes all other
systems, for example, “personal response systems,” a technology much like that used on
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Who Wants to Be a Millionaire, wherein students are expected to “vote” on certain
questions as the class progresses).

Table 4. Type of technology used in intervention
Type

4.5

Number

Percentage

Internet

91

67

Networked

10

7

Tele-teaching

4

3

E-mail

17

13

Computer-mediated communication (CMC)

12

9

Other

13

10

Total

147

109

Type of methodology used by the experimenters

Table 5 provides a description of the type of methodology used by the experimenters.
Studies were assigned to two categories: qualitative and quantitative. Within these
categories, studies were further subdivided, with qualitative studies being broken down
into case studies and surveys. The category of quantitative study was subdivided into
randomized controlled trials (RCTs), quasi-experimental studies, and surveys. In
addition, a third general category of “other” was created to encompass policy documents,
reviews, and discussions pieces that did not involve an evaluative approach. As some
interventions used more than one type of technology, the sum of per cents is more than
100.
Table 5. Type of methodology used
Methodology
Qualitative
•

Number of
studies

Percentage of
studies

30

26

11

Survey

Quantitative

88

•

Survey

22

•

RCTs (and other experimental
manipulations)

59

66

Other (discussion, policy, etc)

17

15

Total

135

101

13

4.6

Methodological features of studies

Tables 6 to 8 provide an overview of some of the methodological aspects of the studies.
Because our review questions ask whether networked learning is more effective and
efficient than traditional learning, any reasonable attempt to answer the questions should
have, at minimum, a comparison group that allows for meaningful conclusions to be
drawn regarding the role of the intervention. Additional experimental strengths include
whether or not the assignment to experimental or comparison group was random, and
whether or not the rater (of whatever outcome variable of interest) was blind to which
participants were in the intervention group versus the traditional instruction group.
4.6.1 Studies using a control or comparison group
Table 6 outlines the number of studies included in the mapping that have a comparison or
control group.
Table 6. Number of studies with control/comparison group
Control/Comparison Group

Number of
studies

Percentage of
studies

Yes

44

32

No

71

53

n/a

20

15

Total

135

100

4.6.2 Studies using random assignment to comparison or control groups
Table 7 demonstrates the number and percentage of studies with comparison groups that
assigned participants to groups randomly. Random assignment, of course, allows for
more confidence that any observed effect of the intervention is a function of the
intervention and not, for example, a result of certain types of participants selecting the
networked groups as a function of greater facility with and interest in computers.
Table 7. Number of studies (with comparison group) that used random
assignment to groups.
Random assignment

Number of
studies

Percentage of
studies

Yes

7

16

No

37

84

Total:

44

100

14

4.6.3 Studies using a comparison or control group in which the rater was
blind to the assignment of participants to groups
Table 8 illustrates the number and per cent of studies with comparison groups in which
the rater was blind to the condition of the participant. That is, the number of studies in
which the person rating performance (e.g., the test marker, the instructor) was not aware
of which participants were in the experimental group versus the comparison group. This,
of course, is a good way to control for experimenter bias (both pro and con).
Table 8. Number of studies (with comparison group) that had a blind rater.
Blind rater

Number of
studies

Percentage of
studies

Yes

2

5

No

41

93

n/a

1

2

Total:

44

100

15

5.

In-Depth Review: Methodology

5.1

Moving from the mapping to the in-depth review

As part of our research plan, we intended to narrow the number of studies we coded for
mapping purposes into a smaller group that would be better able to address our research
questions:
•
•

Is on-line and networked learning more effective than classroom-delivered
instruction?
Is on-line and networked learning more efficient than classroom-delivered
instruction?

Both of these questions clearly require a comparison between on-line and networked
learning and traditional classroom instruction. As a first criterion for inclusion in the indepth review, we therefore required that the study offer a meaningful comparison
between traditional classroom learning and networked and/or on-line learning. We
stipulate meaningful in this case because merely investigating one of the two types of
learning and then creating comparisons to the other on the basis of “well-known truths”
or “things we know for sure” (without offering support for such claims) does not allow
one to make a logically compelling argument. Our initial criterion for inclusion in the indepth review was therefore that the study must have a comparison group to which
learning could be compared.
As previously illustrated in Table 6, only 44 of the 135 studies in the mapping study met
this criterion. We had initially planned to use a second criterion based on sound
experimental procedure that would require the studies to have random assignment to the
comparison groups. However, as only 11 of the 135 studies included in the mapping
study and only 7 of the 44 studies that met our first criterion met this second criterion, it
was decided to abandon any further criteria and instead include all 44 studies with a
comparison group in the in-depth review. It is important to note here that we are not
requiring random assignment or the use of a control group for inclusion in the in-depth
review; rather, the presence of any comparison group (randomly assigned or not) is
enough to merit inclusion. Closer inspection revealed that 7 of the 44 studies with a
comparison group were actually pre-2000. As we had established a timeframe of
2000-2003, we eliminated these 7 studies, resulting in 37 studies included in the in-depth
review.
If the data were in quantitative form suitable for statistical synthesis, they were
considered for inclusion in a meta-analysis. Twelve studies were included in the metaanalysis. The synthesis for the remaining 25 studies took the form of a narrative summary
or a qualitative review.

16

6.

In-Depth Review: Results

6.1

Study characteristics

Of the 25 studies included in the narrative review, 19 (75%) originated in the USA.
Australia and the UK each had two, and Taiwan, Finland, and Israel each had one (one
study is a collaboration between Taiwan/USA, and is thus counted twice). Importantly,
although one of the 8 studies from Canada included a comparison group and is included
in the meta-analysis, none of the others qualified for the in-depth review. Twenty-four of
the 25 studies were quantitative of some sort (either RCT, quasi-experimental, or survey).
Of the 31 qualitative studies from our original sample, only one had a comparison group
and thus met our criterion for inclusion in the in-depth review.
In terms of educational settings, 20 (83%) of the 25 studies in the narrative review were
conducted in universities, 2 in secondary schools and 2 in elementary schools. Only 5
(21%) had random assignment to the groups. In addition, only two (8%) had a rater who
was blind to the condition of the participants. Sample sizes ranged from 27 to over 500
participants, with two studies not reporting that information.

6.2

Table of studies
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Author, Date,
and Country

Study Type

Aldridge (2003)
Australia

quantitative
(survey)

Aim

What was studied?

Investigate learning environment
and student outcomes in a grade
11 on-line Nuclear Physics course.

•

•

•

Barile, Durso
(2002)
USA

Buchanan (2000)
UK

Clark, Jones
(2001)
USA

How?
Note: ES = Effect Size

quantitative

quantitative

quantitative
(survey)

Determine whether using
computers in group writing tasks is
an effective mode of
communication

Investigate the efficacy of Webbased formative assessment

Investigate the difference between
traditional and on-line formats in a
public speaking course

Survey, pre- and post- tests
Narrative review; t-tests
(but no between
perception of the learning environment comparison groups).
in the two classes
ES: NO
knowledge of nuclear physics

•

sample: 99 university Developmental
Psychology students (volunteered for
experiment)

•

communication at meetings to write a
group term paper (either e-mail, ‘net
meeting’ or face-to-face )

•

sample: 214 university Psychology
students (unequal N’s: 16 vs. 200+)

•

use of study aid (PsychCAL) to nonuse of aid (self-selected)

Grading, logs of
communication
Rater blind to condition!
ANOVA on drafts
ES: NO

Outcomes for the course
Mann-Whitney U tests of
means
ES: NO

•

achievement on tests

•

sample: 61 university students in either pre- and post-test
on-line or traditional public speaking
questionnaire; outcome
course (self-selected)
assessment by ‘expert’
MANOVAs on survey data;
performance (self-report and
MANOVAs and t-tests on
independently assessed) in on-line
independent assessment
class with performance in traditional
class
ES: NO

•
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sample: 32 grade 11 Physics students
in two classes

Author, Date,
and Country

Study Type

Cooper (2001)
USA

quantitative
(survey)

Aim

What was studied?

How?
Note: ES = Effect Size

Compare student characteristics in
on-line and traditional classes

•

sample: unknown number of students
in two sections of the same university
course

•

course evaluations for an academic
year (course unclear)

•

sample: 62 undergraduates in Human
Physiology university course

•

attitudes to use and effectiveness of
computer learning both pre- and postcomputer-based instruction

course evaluations, survey
descriptive statistics
ES: NO

Dewhurst,
Macleod, Norris
(2000) UK

Dominguez, Riley
(2001)
USA

Dutton, Dutton,
Perry (2002)
USA

quantitative
(survey)

quantitative

quantitative
(survey)

Determine whether independent
student learning can be
accomplished with computers as
well as traditional classrooms

Assess distance education
courses by discipline for their
effectiveness

Determine how on-line students
differ from lecture students

Attitudinal survey (pre- and
post-computer intervention)
Descriptive statistics; MannWhitney U
ES: NO

•

sample: many (number unclear)
university students in both on-line and
traditional courses

GPAs
chi-square; Fischer’s Exact
test

•

course results across the university by
faculty to determine relative
effectiveness by discipline

ES: NO

•

sample: 193 undergraduate
engineering students in a computer
programming course (on-line and
lecture sections)

•

class performance and completion
(retention)

Survey of attitudes, final
course grade, completion
rate
Descriptive statistics, chisquare on survey data;
regression co-efficients
ES: calculable? (NO)
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Author, Date,
and Country

Study Type

Grabe, Sigler
(2002)
USA

quantitative

Aim

What was studied?

How?
Note: ES = Effect Size

Evaluate the effectiveness of online studying

•

sample: 191 university Introductory
Psychology students (users and nonusers of study tools)

•

performance on 3 tests

•

sample: 57 university English
composition students (in either a faceto-face or on-line class)

•

attitudes to Internet use and on-line
course, performance in the course

test scores
ANOVAs
ES: NO

Green,
quantitative
Gennteman (2001) (survey)
USA

Assess the impact of on-line
courses

attitudinal surveys, pre- and
post-; GPA
multiple significance tests
(unclear what kind; only
report p values)
ES: NO

Hertz-Lazarowitz,
Bar-Natan (2002)
Israel

quantitative
(survey, teacher
evaluations, and
outcome
measures)

Determine effectiveness of
Computer Mediated
Communication (CMC) in
elementary school writing

•

•

Johnson, Huff
(2000)
USA

quantitative
(survey)
qualitative

Look at effectiveness of CMC in
distance education vs. traditional
classroom

sample: 599 grade 5 and 6 students in
three learning environments:
cooperative learning (CL), CMC, and
CMC + CL
attitudes to writing; quality of writing
portfolio

attitudinal survey, grades,
written evaluations
MANOVAs
* gender, ethnicity analysis
ES: NO

•

sample: 76 Social Work students in two Attitudinal surveys, open
classes: Distance Ed and traditional
ended questions

•

attitudes to computers and
effectiveness of CMCs (e-mail and
listservs)

Narrative review;
descriptive statistics
ES: NO

Johnson, Aragon,
Shaik, PalmaRivas (2000)
USA

quantitative
(survey)

Compare learner satisfaction and
achievement in face-to-face and
on-line learning environments
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•

sample: 38 graduate students in either
a traditional or on-line section of a HR
development course

attitudinal survey; pre- and
post-tests, final grades
ANOVA, t-tests

•

attitudes to on-line courses and
support; performance outcomes

ES: NO

Author, Date,
and Country

Study Type

Aim

What was studied?

Lockyer,
quantitative and
Patterson, Harper qualitative
(2001)
Australia

Measuring effectiveness of Webbased teaching vs. traditional
teaching in health education

Marttunen,
Laurinen (2001)
Finland

The effectiveness of networked vs.
face-to-face learning for argument
styles

quantitative

•

sample: 62 university health education
students

•

observed learning outcomes, analysis
of learner interactions, and perceptions ES:NO
of the experience

•

sample: 46 university debating students pre- and post-tests
(3 groups: face-to-face, e-mail, and a t-tests, ANOVAs
control)
ES: NO
improvement of argumentation skills as
a function of course type

•

Mason, Patry,
Bernstein (2001)
USA

How?
Note: ES = Effect Size

quantitative
(survey)

Examine the equivalence between
computer-based and traditional
testing

pre- and post- tests, indepth interviews
unclear what statistics

•

sample: 27 undergraduate Introductory Attitudinal survey; test
Psychology students
results

•

whether scores obtained from
ANOVAs of test results;
computer-based tests are equivalent to descriptive statistics of
traditional methods
survey
ES: NO

Neuhauser (2002)
USA

quantitative

Examine the effectiveness of online vs. face-to-face instruction
as a function of learning style

•

•

sample: 62 university students (not
clear what course) in two classes:
face-to-face vs. on-line
learning style and perceived
effectiveness of mode of delivery

course grades, pre- and
post-test surveys
*Gender analysis
descriptive statistics of
survey; t-tests of grades,
correlations
ES: NO

Pérez-Prado,
Thirunarayanan
(2002)
USA

qualitative

Compare student perspectives of
on-line versus face-to-face
section of a Teaching ESL
course
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•

sample: 60 university pre-service
teachers (two groups: on-line and
traditional classes)

interviews, journals
coding for themes and
ideas

•

difficulties and benefits of Web-based
instruction

ES: NO

Author, Date,
and Country
Powell, Aeby,
Carpenter-Aeby
(2003)
USA

Study Type

Aim

What was studied?

quantitative
(quasiexperimental)

Compare student outcomes
focussing on disruptive students
**(Does not provide a
comparison group)**

•

•

Sankaran, Bui
(2001)
USA

quantitative
(survey)

Compare learning strategies and
motivation on performance in
Web-based instruction

•

•

Schimmoeller
(2003)
USA

How?
Note: ES = Effect Size

quantitative

Sumner, Hostetler quantitative
(2002) USA

Examine achievement and interest
in science using a Personal
Response System

sample: 215 disruptive secondary
students in two groups (computer
based instruction (CBI) or teacher
assisted CBI)

GPA
t-tests
ES: NO

student outcome and achievement
sample: 116 university business course pre- and post- tests, survey
(two groups: traditional and Web-based of learning styles and
lectures)
motivation
*ethnicity
student outcome and achievement,
descriptive statistics,
learning styles, and motivation in Web- correlations, t-tests
based instruction
ES: NO

•

sample: 103 grade 5 science students
(repeated measures comparison)

•

student achievement based on gender,
type of question, and presence of
ANOVAs
intervention
ES: NO

Compare computer conferencing sample: 44 students in either a traditional
and face-to-face communication in meeting or e-mail conferencing
systems design
assessing group scores on assignments,
types of communication

achievement assessment,
multiple choice
*gender

confidence in group
decisions; outcomes on
assignments
descriptive statistics
ES: NO

Thirunarayanan,
Pérez-Prado
(2002)
USA

quantitative

Compare Web-based and
classroom-based learning in ESL
teaching

•
•

sample: 60 university preservice
teachers
achievement based on format of
instruction

pre- and post- tests of
achievement
t-tests
ES: NO
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Author, Date,
and Country

Study Type

Wolverton,
Wolverton (2003)
USA

quantitative
(survey)

Aim

What was studied?

Examine the effectiveness of online instruction vs. traditional
course delivery

•

•

Yu, Yu (2001)
Taiwan, USA

How?
Note: ES = Effect Size

quantitative
(survey)

Examine impact of e-mail on the
learning process, achievement,
and attitudes
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sample: 65 university financial students post-course surveys asking
(comparing experience with previous
for comparisons with
face-to-face experiences)
previously taken Face-toface courses
Survey data based on perceptions of
descriptive statistics
the learning experience, instructor, and
effectiveness
ES: NO

•

sample: 68 university preservice
teachers in a Computer and Education
class (two groups: e-mail and non-email)

•

Achievement and attitudes of the use of
e-mail as a supplementary aid to
ES: NO
instruction

post-test achievement
indicators and attitudinal
surveys
ANOVAs, descriptive
statistics

6.3

In-depth review: Findings and methodological quality of
studies

The 25 studies that met our inclusion criteria but did not include enough statistical
information for a meta-analysis are summarized in the following in-depth narrative
review. We attempted, by contacting the authors, to obtain the statistical information for
studies that appeared to have appropriate statistical analyses for inclusion in a metaanalysis but did not report that information. Unfortunately, none of the authors responded
to our request for further information.
Themes from studies that addressed similar questions were brought together and
summarized in the discussion section following the narrative review. Within the review,
studies were given a weight (high/medium/low) with which to assess their contribution to
the discussion. The weighting system was based on that used by the EPPI Centre,
which outlines three dimensions and one overall weight (Andrews et al., 2002):
A. Soundness of methodology
B. Appropriateness of study type to answer the review question
C. Relevance of the topic focus to the study of the review question
D. Overall weight of evidence that can be given to the study’s results
Studies were rated as either high/medium/low for each of variables A, B, and C, and then
combined to produce D, the overall weight given to the evidence. These weights were
taken into account when summarizing data, combining themes, and identifying gaps in
the research as part of the narrative review.
6.3.1 Narrative review: Summary of the studies included
Aldridge (2003) studied 32 grade 11 students and their perceptions of an on-line Nuclear
Physics course. Students were given pre- and post-tests assessing their knowledge of the
subject, and were also given an attitudinal survey regarding their perceptions of the
learning environment. This study suffers from some important methodological flaws.
Although students were given pre- and post-tests, they were not taught any nuclear
physics prior to the course. Thus, the test showed only whether they learned anything
from the course, not whether learning was commensurate with other methods.
Achievement was not compared to any other learning paradigm. In terms of the
attitudinal survey, students were asked to compare their experiences with those of
traditional classrooms, but they were not asked particularly pertinent questions. For
example, students said that they used a computer more often in their on-line course than
in traditional courses — something one might reasonably expect from such an
intervention. Similarly, although the experimenters were careful to gather information
and place it in a context of learning and learning styles, they generally seemed to be
missing the point. The narrative review of the study revealed many of the same themes
highlighted in other studies: Students appreciated the use of computers and enjoyed group
work and interaction in the networked environment. Some students, however, did not
appreciate the computerized environment and felt uncomfortable learning in the on-line
environment, causing the authors to caution that this type of instruction is not well suited
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to some learning styles (although many of the other papers provided evidence that
students of diverse learning styles perform and achieve well in networked environments).
Barile and Durso (2002) studied 99 university Developmental Psychology students’
communication during meetings. Students were assigned a group term paper in one of
three groups: Face-to-face, e-mail, or synchronous computer-mediated communication
(CMC). Students were randomly assigned to one of the three groups, which helped
reduce the possibility of the influence of personal preference for communication styles
and also the influence of prior friendships. In addition to random assignment, this is one
of the few papers in which the instructor grading the assignments was blind to the
condition to which the students had been assigned, reducing the possibility of rater bias.
Papers were rated on outcome (grades for the paper and a rough draft), and the
interactions of the group were also monitored for communication styles and interactivity.
Overall, no significant difference was found between the three groups, although the
e-mail group did have a significantly lower score than the face-to-face group on the rough
draft (the CMC group fell somewhere in between). In addition, the e-mail group spent
more time discussing coordination of meetings and work, suggesting that they were
having more trouble coordinating than the other two groups. The e-mail group also failed
to attend to questions asked by the other group members. The authors concluded that
given their results, e-mail is not an effective way to write collaboratively. However, no
significant differences were found between the face-to-face and CMC groups, suggesting
that collaborative writing with either method results in a similar process. This is an
example of a good empirical study in this domain: a reasonable sample size, comparison
groups, random assignment, blind rater, and appropriate statistical analyses. Despite this,
the authors did not include enough statistical information (means, standard deviations)
and so we were unable to include this study in our meta-analysis.
Buchanan (2000) studied the use of on-line study tools in an Introductory Psychology
class. In all, 214 university students were given the option of using a set of on-line study
tools to prepare for their exams. Because use of the tools was voluntary, there were
dramatically different numbers of students in each condition: 16 students used the study
tools and 198 did not. Not surprisingly, they found that the students who used the study
aids scored significantly higher on at least some (but not all) measures of learning.
Unfortunately, as membership in these groups was completely voluntary, it is not hard to
imagine a scenario where the best and most motivated students used all available means
to study for the exam, and thus were labelled “Users” and performed better on the exam
— not because of the study tools themselves, but because these were the best and
brightest students. (See comments on Grabe et al. below for a way to avoid this threat to
validity.) In the absence of other solid data, strong arguments about the effectiveness of
the on-line study tools cannot be made.
Clark and Jones (2001) studied 61 university students in either an on-line or traditional
section of a public speaking course. They compared performance (both self-assessed and
independently assessed) across the two conditions by means of a pre- and post-test
questionnaire and independent assessment by an expert They found that both self-reports
and the expert reports showed no significant difference between learning public speaking
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in either of the two formats. Students reported enjoying the on-line format for flexibility
in time and locale. Students in the traditional format reported enjoying the interaction
with their classmates and the feeling that they learned as a group (seen as important for a
subject such as public speaking). The authors pointed out that, although learning seems to
be equivalent across the sections, membership in the groups was not randomly assigned.
Thus, although these results demonstrated that students can learn equally well in both
sections, the authors caution that it may not be true of all students in general; that is,
students may have selected the format that most suited their learning style. In particular,
they noted that on-line sections were chosen more often by males, who did not perceive
group learning as important as females did, and by students who had access to a
computer. In addition, the attrition rate was substantially higher in the on-line sections
than in the traditional sections, a finding echoed by much of the other research presented
in this review.
Cooper (2001) looked at course evaluations for a computer applications university
course given in two sections: on-line and traditional. She does not include the number of
students answering the evaluations, but does provide a breakdown of student
characteristics: students in the on-line classes were in general older (but not substantially)
than in the traditional class. Equal proportions of males and females were observed in
both classes. The biggest difference between the classes was that students in the on-line
classes were far more likely than students in the traditional classes to work full-time
(56% of responders compared to 33%). Not surprisingly, students in the on-line class
reported being happier with the flexibility of time in scheduling their classes. Also, they
commented that the on-line section allowed them to lower indirect costs of education
(e.g., travel, babysitters). However, more students in the traditional section reported being
satisfied with the course. On the whole, this study offers too little in terms of
methodological detail and discussion to be particularly useful. The fact that the author did
not report an N anywhere in the report is cause for concern, whether due to negligence on
the author’s part or length restrictions on the part of the publisher. Although this study is
very relevant to our topic question, it was given an overall weak weight due to
confounding variables.
Dewhurst, Macleod, and Norris (2000) examined 62 undergraduate Human Physiology
students’ attitudes about computer learning. Pre- and post-computer intervention
questionnaires were administered to the class, and perceptions of usefulness and
effectiveness of computer-based learning (CBL) were assessed. The survey found a
substantial shift in attitude post-intervention, reflecting more positive student attitudes to
CBL. The authors noted that on the pre-test students rated themselves as either
comfortable with computers or rather afraid of them. By the post-test, almost all of the
students rated themselves as comfortable with computers, although a small minority still
reported what they call “technophobia.” The authors remarked that it is encouraging to
see a positive change in attitudes through experience with computers, but that there may
be a small group of students disinclined towards using CBL. Overall however, students
rated their learning experience as enjoyable and believed that they learned as much by
this method as they did in traditional lecture classes. Despite the positive attitudes
expressed by the students, the authors were cautious in recommending changes to
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curriculum. Students reported that they enjoyed the class but did not see it as an
improvement over traditional class methods, and the majority of students still believed
they would prefer at least some instruction in traditional lecture form. In addition, the
students reported enjoying the flexibility CBL afforded them, but also said that they liked
the structure a traditional lecture gave to their day. The authors argue that there is a role
for structured and limited use of CBL to augment traditional classrooms, but that there is
probably opposition to changing toward a complete CBL curriculum.
Dominguez and Riley (2001) studied student performance on a semester-by-semester
basis in both on-line and traditional format courses. According to the authors, most of
their university students take both formats during their time at the university. By looking
at GPAs in both lower level on-line courses and higher level courses, they argue that the
on-line courses prepare the students as well as the traditional lectures, with the exception
of courses in one faculty: Management. Although they speculate why this faculty alone
seems to have poor on-line performance compared to the rest of the faculties, they do not
offer any substantive arguments to elucidate the pattern of results. They also do not offer
means and numbers of students in both sections. This study appears to be an example of
work that has appropriate statistical analyses and design (with the exception of a
questionable call to probe a result of marginal significance), but poor interpretation and
discussion, with the result that it does not offer very much to our discussion.
Dutton, Dutton, and Perry (2002) looked at characteristics of on-line students versus
traditional students. Unlike other studies that show no difference between student
characteristics, they found that students in the on-line class were significantly more likely
to be older and significantly less likely to be enrolled in a traditional undergraduate
degree program. On-line students were significantly more likely to work during the
semester, live farther away from campus, and have previous computer expertise. In line
with other studies, on-line students reported less need to see the instructor face to face,
and a greater desire to control the flexibility and timing of their lectures. The authors also
looked at course performance and found no significant difference between traditional
students and on-line students in their programming course, which is surprising given that
the on-line students rated themselves as more proficient with computers prior to the class.
Of note are two findings relating to the environment of study: working had a significant
negative effect on performance, although more so for traditional students than on-line
students. In addition, on-line status decreased the probability of completion by 20 per
cent.
Grabe and Sigler (2002) studied the use of on-line study tools in an Introductory
Psychology class. They gave 191 university students the option of using a set of on-line
study tools to prepare for each of three exams. The experimenters tallied the number of
users (60–56%) versus non-users (40–44%) throughout the semester and compared their
performance on exams. As the term progressed, fewer students accessed the on-line study
tools and those that did spent less time using them. No statistics are offered regarding
whether or not these were significant patterns. Similarly, no statistics are offered to
determine whether the same students access the tools repeatedly or not (as students were
required to sign in with an individual code, this information was available to the
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experimenters). Overall, they reported a significant difference in performance according
to the use/non-use of the tools, with users scoring higher than non-users. Unfortunately,
as membership in these groups was completely voluntary, it is not hard to imagine a
scenario where the best and most motivated students used all available means to study for
the exam, and thus are labelled “Users” and perform better on the exam — not because of
the study tools themselves, but because these were the best and brightest students. A
much stronger argument would be made if use/non-use of the study tools could be
connected to overall grade point average (GPA) and performance in other classes. If, for
example, students with lower GPAs in other classes used these study tools and scored
higher than their average GPA, it would be more reasonable to attribute this success to
the study tools. In the absence of that data, however, we cannot make any strong
arguments about the effectiveness of the on-line study tools, and this study receives a low
weight for our review.
Green and Gennteman (2001) studied 57 university students in an advanced English
composition course. They administered pre- and post- surveys and looked at GPAs of
students in either an on-line or a traditional format course. Students enrolled in the
sections did not differ in age or gender. The authors report only the survey responses of
the students in the on-line section, leaving us unable to comment on the comparison
between the two groups. The authors do report, however, that there was no difference
found in the GPAs or retention rate as a function of format. This study is a good example
of a relatively strong study design that does not live up to its goal: by reporting only the
survey responses of the on-line group, we lack the comparative information needed to
assess relative effectiveness.
Hertz-Lazarowitz and Bar-Natan (2002) investigated the effectiveness of computermediated communication (CMC) in elementary school writing. The 599students in grades
5 and 6 were studied in three different learning environments: cooperative learning (CL),
CMC, and the combination of CMC and CL. The students reported on their perception of,
and attitudes toward, writing. Their teachers evaluated their students as writers, and
scored their portfolio of writing outcomes. Students rated themselves. Pre-tests showed
no significant differences between the groups of students, while post-tests showed
significantly better performance by the CMC+CL group (compared to the other two
groups, which did not differ from each other). The experimenters investigated the role of
ethnicity and gender, and found that there was no significant difference overall in
performance by Arab and Jewish students (self-rating). Similarly, there were no
significant differences overall for the performance of boys and girls (self-rated). In terms
of teacher ratings, both computer groups (CMC and CMC+CL) were rated equally, and
higher than writing without a computer (CL). Overall, the researchers comment that
despite a lack of tradition in the use of computers in Language Arts teaching, this study
gives evidence to support their usefulness.
Johnson and Huff (2000) studied 76 Social Work students enrolled in either a distance
education class or a traditional lecture format. They were concerned about the use of
CMC (in this case, both e-mail and listserv) and students’ perceptions about computers in
the two formats. Not surprisingly, they found that students in the distance education class
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were significantly more likely to use CMC than students in the lecture class, and were
also more likely to rate themselves (at the end of term) as more comfortable using the
technology. No outcome measures or perceptions of achievement were investigated.
Some of the comments echo those of other studies: students’ main complaints about the
distance education experience were difficulty accessing the technology and not being
comfortable with the medium. However, students did appreciate being able to interact
with other classmates via the listserv.
Johnson, Aragon, Shaik, and Palma-Rivas (2000) assessed comparative data obtained
from students enrolled in one of two versions (face-to-face and on-line) of a graduate HR
development course. Students were assessed prior to the start of the course and
demographic data compared: no significant differences were found in age, year of
graduation, work experience, or achievement. Students were then surveyed (as the course
progressed) on their perceptions of satisfaction, learning outcomes, and self-assessment
of ability. Students in the face-to-face group scored significantly higher in measures of
satisfaction with their course and satisfaction with peer interactions. The face-to-face
group also scored significantly higher in most other attitudinal measures, such as studentinstructor satisfaction, instructor support, and departmental support. However, the quality
of projects produced did not differ significantly across groups, nor did their grade
distribution. Overall, this is a strong study, well-designed, appropriately analyzed, a
relevant discussion. The authors seem to try a little too hard to dismiss the differences
found between the groups in terms of satisfaction, but do make two clear points: 1)
effectiveness of face-to-face versus on-line teaching (as measured by scores) does not
differ across the two groups; and 2) lowered student satisfaction in on-line courses with
support from instructor and department suggests that future on-line offerings be modified
to ameliorate the situation. In particular, they suggest that instructor feedback on student
progress be modified to be more rewarding for the student.
Lockyer, Patterson, and Harper (2001) studied 62 university health education students
in both a traditional and Web-based classroom. Students were assigned to one of the two
formats initially, and then switched to the other format halfway through the term.
Students were first given a pre-test on a health-related subject (e.g., HIV/AIDS,
nutrition), then given a tutorial on that subject in either a Web-based or face-to-face
format. They were then given a post-test which tested knowledge for that subject area.
The authors report the results of their statistical analysis in an unusual and incomplete
manner, which makes them difficult to understand. In effect, there was no statistically
significant difference between the groups — in one topic (HIV/AIDS), the Web-based
students showed significant improvement in knowledge while the face-to-face students
did not; and in the other topic (nutrition), the reverse was true. The authors also provide
qualitative data regarding the students’ experiences, which also suffer from the same
limitations as the quantitative data: the data are presented in a confusing manner.
Specifically, the discussion centres on Web-based learning (without comparison), so
while we are told that the students found the Web-based section effective and interesting,
we are not told if this is also true for the face-to-face format. However, some comments
resonate: students in the Web-based section appreciated the flexibility, the time for
reflection, and the opportunity to retain a copy of the interaction provided by that mode
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of instruction. However, they also reported missing the opportunity to ask questions and
interact with the instructor.
Martunnen and Laurinen (2001) looked at the effectiveness of face-to-face versus
networked learning for a university debating class. Using an experimental design
(although without enough statistical information for inclusion in the meta-analysis),
students were assigned to one of three groups: a control, which did not receive any
training in argumentation skills, and two experimental groups that did (either face-to-face
or e-mail). Students were tested on their argumentation skills with pre- and post- tests,
and a random sample of students drawn for an in-depth interview. The results
demonstrated that students in the e-mail group learned to identify and choose relevant
components of an argument, while those in face-to-face learning learned to put forward
counter-arguments. Students in the control group learned none of these skills. The authors
suggest that debating skills can be improved by both networked and face-to-face learning,
but that the different environments develop different skills.
Mason, Patry, and Bernstein (2001) studied 27 undergraduate Introductory Psychology
students’ performance on traditional versus computer tests. The authors pointed to the
concern that computerized tests are seen more negatively than paper-and-pencil tests, and
address this in a tightly designed study. Over the course of a semester, students were
given 10 tests, 5 paper and pencil tests and 5 computer-based ones (counterbalanced
across the class). No significant differences were found in mean scores of paper and
pencil tests compared to computer-based tests, leading the researchers to conclude that
computerized testing is a valid and efficient way to test performance. They do note,
however, that their computerized tests addressed the concerns most generally raised about
on-line tests: the tests were programmed to allow changing answers, returning to previous
questions, skipping questions temporarily, and so on. Thus, they caution that confidence
in computer-based tests is merited as long as the computer-based tests allow the user the
same flexibility and control as pencil-and-paper tests.
Neuhauser (2002) investigated the performance and attitudes of 62 university students
enrolled in either an on-line or traditional lecture-based section. The author did not
identify what course was being taught and, in fact, had a confound in her comparison
group: the group identified as face-to-face received regular e-mails containing review
materials. More importantly, the face-to-face group was required to take all three exams
through e-mail. It is not clear that the face-to-face group was, in fact, a suitable
comparison for the Web-based group. This flaw continues throughout the analyses, as the
only significant differences that were found were related to the perceived effectiveness of
the test and reviews, with on-line students rating them as significantly more effective than
face-to-face students and performing better on tests (although at a non-significant level).
One interesting aspect that the authors attempted to address was the performance of
introverted students in a class that required active participation. Many researchers have
suggested that on-line courses allow introverted students to feel more comfortable
participating in class forums. In this study, however, the authors found no significant
differences between student performance on-line and face-to-face on any of their
measures of introversion and extroversion.
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Pérez-Prado and Thirunarayanan (2002) conducted a qualitative investigation of
students’ views about on-line and traditional formats of a course (see the description of
the quantitative study by the same authors cited in reverse order below). Comparing 60
pre-service teachers in an ESL instruction course, they provided journal entries and
interviews to portray students’ perceptions of the difficulties and benefits of Web-based
instruction. One student in the off-line section spoke about her frustrations with using
technology and noted that she learned better when familiar with the technology. Students
in the on-line section offered both positive and negative comments: common positive
themes include the feeling of being “prepared for the future,” feeling more able to
express themselves in the on-line environment, and enjoying the flexibility of learning on
their own schedule. Negative themes included feeling at a loss without class structure,
and the difficulty involved in group work if members do not check their e-mail regularly.
Another aspect of the analysis was particular to the content being studied. As teachers
being prepared to teach English as a Second Language, both the students and their
instructor were concerned about a lack of emotional involvement in the on-line section of
the course. The authors concluded that courses that require students to develop empathy
or affective orientations may not be suitable candidates for Web-based education.
Powell, Aeby, and Carpenter-Aeby (2003) compared student outcomes for 215
disruptive secondary students as a function of the presence or absence of teacherfacilitated computer-based instruction. The study does not meet our criterion for an indepth review in that it does not compare performance with non-computer-based
instruction. However, because it focused on a special population of students, we included
it in our narrative review for discussion purposes. The networked program used was
designed to provide a challenge in math, science, reading, and writing. Comparing a
group of students who received teacher-facilitated instruction on the program with a
group that did not receive the facilitation (but did access the same technologies), the
researchers found a significant effect of teacher facilitation on GPA and attendance (as
measured at the end of the year). Students in the teacher-facilitated group showed
significantly more gains in GPA and better attendance, although the authors do note that
the gains in GPA were not enough — students in both groups entered the program failing
academically and continued to fail following their exit. However, while the group with
teacher-facilitated intervention showed an improvement of over six points in their GPA
following the program, the group without teacher-facilitated intervention actually
experienced a drop in GPA of two points over the year. The authors suggest that more
efforts be made to ensure that disadvantaged youth and youth at risk of dropping out be
given the opportunity to engage in teacher-facilitated remedial work, and that the
exposure to the intervention continue for longer than one year.
Sankaran and Bui (2001) looked at 116 university students enrolled in a business course
in one of two sections (face-to-face and Web-based lectures). The Web-based lectures,
unlike some of the other papers, did not constitute a huge change from the traditional
format, but rather were minimally adapted to be available for Web access. The authors
measured performance on a pre-test and a post-test. They found no significant differences
between the two groups on any of the measures, but did find, not surprisingly, that
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students who were more motivated performed better in both formats. They use these
findings to argue that instructors who are planning to offer their courses in Web format
can do so with “minimum redesign,” a finding contradicted by much of the other
research. One aspect of this study worth mentioning is that they provide an analysis of
performance based on ethnicity. They find no significant difference in performance
across groups, offering a nice control for future research.
Schimmoeller (2003) offered an innovative approach to networked technology in the
classroom. Investigating achievement and interest in science class for 103 grade 5
students, Schimmoeller combined solid research design with new technology. Science
classrooms were fitted with Personal Response Systems, wherein students are expected to
“vote” on certain questions as the class progresses. Students could take one of two classes
and were in both on-line and traditional course formats, counterbalanced for groups
across days. The authors were also interested in the role of gender, pointing out that there
are traditional expectations associated with science, math, and computer science that may
affect student behaviour. In addition, the experimenters noted that previous research has
demonstrated that girls are less likely to raise their hands in class or ask questions, and
they believed that the use of this technology might offset some of these gender biases.
They measured the success of their intervention by comparing performance on a posttest. No differences were reported for either the students’ gender or the presence of the
intervention. Unfortunately, they did not have data on the number of questions answered
in the two conditions as a function of gender, and so could not address one of the central
foci of their investigation. This is a preliminary study and in some senses asks more
questions than it answers, but still raises important issues and introduces a new and
innovative approach to utilizing technology in the elementary school classroom.
Sumner and Hostetler (2002) studied 44 students in either an e-mail conference group
or a traditional face-to-face meeting group and their communications on group projects.
Students had to reach consensus on a variety of tasks and keep a log of the decisionmaking process. Although both groups scored similarly in terms of confidence in the
group decision-making process, face-to-face groups reported higher levels of satisfaction
with the process. The authors argue that this difference might be explained by
relationship-building opportunities in the face-to-face group that are not present in the
e-mail conferencing group, although we can compare opposite findings in similar
situations — see discussion below. Interestingly, the e-mail conferencing group
performed better (in terms of grades) on all the assignments, a result not reflected by
student satisfaction ratings. The authors conclude that performance in e-mail conference
decision-making is equivalent or better than in face-to-face groups, but that this is not
perceived by the students in either of the two groups, suggesting a possible area of future
intervention.
Thirunarayanan and Pérez-Prado (2002) compared the achievement of 60 university
pre-service teachers who are learning to teach English as a Second Language (see PérezPrado and Thirunarayan above for the qualitative study). Through a series of measures,
they evaluated learning in either a Web-based section or a traditional lecture-based
section of the same course. They had a very clean experimental design, in that they
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measured performance on a pre-test prior to the class, compared the means of the two
sections, and then measured performance on a post-test and compared the two means
again. They found significant differences between the groups on the pre-test (not
described), with the lecture-instructed students demonstrating better performance. On the
post-test (also not described), they found no significant differences between groups. They
used these data to argue that the on-line students learned more during the class, although
there is no significant difference in the change in scores between the two groups.
Wolverton and Wolverton (2003) studied 65 university students who had completed an
on-line financial course and were surveyed regarding their learning and achievement in
on-line courses versus face-to-face methods of instruction previously experienced. All
students were in the on-line course and were also required to meet once a week for
tutorial or seminar purposes. Students reported appreciating the opportunity to watch
entire lectures or segments of lectures more than once, with a substantial proportion
(37.3%) reporting that they reviewed difficult material with this strategy. A majority of
students also reported finding the on-line format more interesting than traditional
classroom instruction and would recommend it to a friend. They also reported that “exam
scores were noticeably higher.” These data are interesting and suggestive of the kind of
benefits that can be derived from on-line learning — notably, the ability to set the pace
and timing of learning to suit the individual. However, this study suffers from many of
the same methodological weaknesses already reported, such as non-random assignment
to the class and lack of an objective measure for a comparison group. As was done in
other studies, the authors report on the large amount of time invested in the creation of
the course (in excess of over 15 weeks full-time).
Yu and Yu (2001) studied 68 pre-service teachers in a Computers and Education class.
The class was divided into two groups, one that used e-mail as a mode of communication
for supplementary materials and one that did not. The authors focused on responses to a
post-intervention survey of student attitude to e-mail use and the grades received by the
two different groups, and claim that the use of e-mail improves student performance. The
authors reported a statistically significant difference in academic performance between
the two groups, with the e-mail group performing significantly better than the non–e-mail
group. However, the authors did not have a pre-intervention measure of their
performance. Although the participation in the classes was assigned randomly, not
obtaining a baseline measure of performance to compare the two groups before the
intervention lessens the causal strength of their argument. In terms of satisfaction with the
course, no significant differences were found between the two groups. The authors
offered an unconvincing argument to explain why this might be. They claimed that the
number of e-mail viruses circulating dampened the enthusiasm of the e-mail intervention
group (while presumably not affecting the non-e-mail group), thus resulting in no
significant difference. The methodological errors and questionable arguments weaken the
strength of the findings presented in this paper.
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6.4

Discussion of findings raised by in-depth review

6.4.1 Diversity of the topics studied
The research included in the in-depth review was diverse in many ways including the
variety of technologies, subjects, classrooms, and interventions investigated. The terms
“on-line” and “networked” education clearly mean many different things to many
different people. Technologies used in the studies ranged from hypertext homework tools
to virtual (audio/visual) synchronous instruction. We were not surprised to find that the
effectiveness of the technology seemed correlated with the extent of interactivity that the
technology afforded the learners. The virtual synchronous classroom that allowed
geographically diverse students to “attend” lectures together was much more positively
reviewed than a course taught by e-mail lectures that were not supplemented by
additional materials. Intranets also had different strengths than Internets; students using
networked computers in a traditional class setting reported that they enjoyed the ability to
interact as a group while actively solving problems in class. Of course, for distance
education students who are not able to be present in a traditional classroom, the issues
raised, both positive and negative, will be different. Even computer-mediated
communication was broadly defined, with some courses involving e-mail, others e-mail
and list-servs, and still others e-mail, listservs, and chat groups.
The type of interventions studied was equally diverse, ranging from entirely networked
courses to single lectures, or traditional classes that required networked homework
assignments and made use of on-line study tools. Some of the studies required the entire
course to be networked and therefore looked at course achievement, while others
investigated only single aspects of course performance, such as work on group papers or
the ability to dissect argument style and structure in a debating course.
There was a very diverse assortment of subjects studied at many different levels, from
science to writing in elementary school to English literature and physics in secondary
schools. At the university level the diversity was even greater, including business,
psychology, health education, physics, composition, Spanish, social work, teaching ESL,
and debating and public speaking. The different subject matters allow for greater
generalizability of themes and are a strength of the review. By generalizability, we mean
that if something is true in a variety of different environments, it is more likely to be
generally true and not just a function of a specific subject. For example, students in many
of the university studies reported enjoying the flexibility of networked education and the
ability to control the pace of their learning. As a common theme emerging across so
many diverse disciplines, it seems very likely that this is an aspect of networked
education that is generally true. On the other hand, the diversity of the subject matter also
allows us to investigate particular weaknesses of networked education. For example,
three different papers on social work and teacher education highlight the concern that
subject matters requiring an affective component or empathetic reaction might not be as
suitable to on-line methods of instruction.
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6.4.2 General themes
The 25 studies in the in-depth narrative review present a mixed picture of the
effectiveness of on-line learning. Two studies (Sumner and Hostetler, 2002; Johnson,
Aragon, Shaik, and Palma-Rivas, 2000) report significantly higher levels of student
satisfaction with the traditional format as compared to on-line formats. One study showed
a positive effect of traditional instruction in terms of grades. Looking at group work and
collaborative learning and comparing traditional groups to e-mail groups, Barile and
Durso (2001) found that the traditional group performed significantly better, leading the
authors to conclude that e-mail is not an effective method of group collaboration.
Five studies showed a reversed difference, with on-line instruction having a significantly
more positive effect than traditional classrooms. However, three of those studies were
methodologically unsound and were given a ‘low’ weight in the review (Buchanan, 2000;
Grabe and Sigler, 2002; Yu and Yu, 2001; see section 6.3.4 for a fuller discussion). Of
the remaining two studies, one (Hertz-Lazarowitz and Bar-Natan, 2002) argued that
computer-mediated writing is just as effective as using computers plus traditional
instruction techniques for elementary school children, a finding the authors argued
contradicts widely held beliefs about the ineffectiveness of computers in teaching
language arts. The other study (Bain, Huss, and Kwong, 2000) illustrated that the use of a
hypertext tool for homework significantly improved scores compared to traditional
homework, although the findings are confounded in that the tool took more time and thus
could be a reflection of time spent increasing scores on homework more so than the tool
itself.
In general, the number of studies purporting to show an effect of one method over the
other (traditional vs. on-line) is small and many of the claims being made on both sides
are mitigated by methodological concerns or other factors. Certainly there is nothing
present in the studies reviewed here to allow us to make strong statements one way or the
other.
Of the 13 studies that showed no significant difference between forms of instruction, at
least three are methodologically unsound. However, there are a number of studies here,
from different subject backgrounds and different technologies, that are strong and offer
compelling tests of effectiveness. Some of the themes that emerge from these and the
qualitative research include advantages and disadvantages of both forms of instruction.
Several advantages were attributed to traditional learning: interacting with the instructor
and other students, the structure that a particular class time gave to the day, and the
ability to get feedback and have questions answered in the “here and now.”
Disadvantages include the obvious lack of flexibility in course time and location.
Likewise, positives were attributed to networked learning: the flexibility to learn where
and when one wishes at one’s own pace, and the ability to review material presented.
Three studies expressed concern about the use of on-line education for teaching courses
with an affective component, such as social work or teacher education. Concerns about
collaboration in on-line environments, raised above by Barkhi and Brozovsky (2000) are
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mitigated by the findings of Barile and Durso (2002) and two studies investigating public
speaking (Clark and Jones, 2001) and debating (Marttunen and Laurinen, 2001) which all
showed no significant difference between on-line and traditional instruction groups in
student achievement.
Two additional themes should also be highlighted. First, there is a concern about the high
levels of attrition by networked students compared to students in traditional environments
(Clark and Jones, 2001; Dutton, Dutton, and Perry, 2002). Indeed, Dutton et al. report a
20% greater decrease in completion rates for their on-line section in contrast to the faceto-face section. This is a sobering statistic that merits further investigation. Related to
this point is the second concern that, although measures of achievement were often not
significantly different between groups, face-to-face groups reported higher satisfaction
and perceived achievement ratings (Sumner and Hostetler, 2002; Johnson, Aragon, Shaik,
and Palma-Rivas, 2000). If students enjoy themselves more and perceive themselves as
performing better in a traditional environment, it seems likely that retention will be
enhanced. If the opposite is true for on-line sections, regardless of objective performance
measures, students might be more inclined to withdraw from the course.
6.4.3 Gaps
Despite the range of subjects and technologies studied, there are also gaps that can be
identified in the reviewed research. One of the most salient points comes from a quick
look at the study characteristics outlined in Section 6.1. By far the greatest proportion of
research has been conducted at the university level. We were only able to identify two
studies on secondary students (one of which did not directly compare the effectiveness of
on-line versus traditional instruction and was only included because it focused on
disruptive students) and two devoted to elementary students. Clearly, more work needs to
be done with elementary and secondary students as there are very specific issues related
to their development and education for which we currently have no answers.
Another gap in the research involves issues of inclusion, such as the role of gender,
ethnicity, urban/rural, and disabled/disadvantaged populations. Very few of the studies
looked at gender, although several raised gender as a topic of interest and highlighted
important issues regarding the possible role of technology in overcoming gender bias in
class participation and interaction. None of the research looked at special populations
such as students with learning disabilities or behavioural problems — with the exception
of Powell, Aeby and Carpenter-Aeby (2003), which, as explained above, did not actually
have a comparison group that addressed our research questions. We also found no
research that investigated the role of socio-economic status, although many of the papers
discussed concerns related to accessibility and computer ownership. And, sadly, we
found absolutely no research that investigated the role of urban vs. rural location and
networked education, although, of course, that is one of the primary justifications for
distributed electronic learning or distance education.
All the gaps raised here deserve further scrutiny and will be addressed in the discussion
and recommendation sections of this report.
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6.4.4 Methodological issues
Only 10 of the 25 studies included in the in-depth review were not seriously flawed, a
sobering statistic given the constraints that went into selecting them for the review.
Studies were commonly flawed either in design, statistics, or interpretation. An example
of poor design is given in Buchanan (2000). In this study, 214 university students were
given the option of using a set of on-line study tools. Because use of the tools was
voluntary, the researchers ended up with dramatically different numbers of students in
each condition: 16 students used the study tools and 198 did not. Not surprisingly, they
found that the students who used the study aids scored significantly higher on some
measures of learning. Unfortunately, as use of the tools was voluntary, it is not hard to
imagine a scenario where the best and most motivated students used all available means
to study for the exam, and thus performed better – not because of the study tools
themselves, but because these were the best and brightest students. A similar flaw was
evidenced in the work of Grabe and Sigler (2002).
It is noteworthy to highlight the one qualitative study that was included in the in-depth
review. Pérez-Prado and Thirunarayanan (2002) offer a comparison of student
perspectives of on-line versus face-to-face teaching. By asking students to keep a journal
of their experiences and coding both the journal and interviews, the authors were able to
obtain perspectives on the difficulties and benefits of Web-based instruction using
qualitative methodology. It is important to note that, because they had a comparison
group of students who also kept journals in a traditional class format, the authors were
able to make stronger claims about the thoughts and opinions expressed by the on-line
group. This qualitative study provides clear and strong arguments commensurate in
quality to any of the quantitative studies included in the review. Unfortunately, none of
the other qualitative research included a comparison group and thus did not meet our
criterion for inclusion in the in-depth review.
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7.

Meta-Analysis: Methodology and Results

7.1. Study characteristics
As previously outlined in the narrative review, all studies that met our inclusion criteria
and had a comparison group were selected for in-depth review. Of the 37 studies that met
these criteria, 12 reported enough statistical information to allow for inclusion into a
meta-analysis. Of the 12 studies, 10 were from the USA, one was from Canada, and one
was from Greece. In terms of the educational setting, the same pattern observed in the
narrative review was repeated here: 10 of the 12 studies (85%) were conducted at the
university level. Two studies were conducted in secondary schools, and no studies
investigated elementary school students. Even in this selective sample, methodological
quality was questionable. Only 2 of the 12 studies had random assignment of participants
to groups and none of them had blind raters.

7.2

Table of studies
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Author, Date, and
Country

Study Type Aim

Bain, Huss, Kwong (2000)
USA

quantitative
(survey)

What was studied?

How?
Note: ES = Effect Size

Evaluate a hypertext
tool for teaching English
literature to secondary
school students

•
•
•

sample: 39 grade 11 English
literature students in three classes
achievement
attitude

Attitude survey, weekly tests (repeated
measures)
ANOVAs on tests; descriptive analysis of
survey data
ES: calculable

Barkhi, Brozovsky (2000)
USA

quantitative
(survey)

Analyze the dynamics of •
a virtual classroom
compared to a
•
traditional classroom
•

sample: 62 university students
(course unknown)
perception of learning experience
achievement on tests

Attitude survey, outcomes on midterm
and finals
ANOVAs on tests, survey data
ES: YES

Collins (2000)
Canada

quantitative
(survey)

Compare Web and
lecture versions of a
second year non-major
biology course

•

•

Dufresne, Mestre, Hart,
Rath (2002)
USA

Faux, Black-Hughes
(2000)
USA

quantitative Determine effect of
(quasiWeb-based homework
experimental) on test performance in
introductory physics
courses

•

quantitative

•

Investigate performance
of Social Work students
in a traditional
classroom vs. an
Internet classroom
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•

•

sample: 173 university students
enrolled in one of two sections
(Web or face-to-face) of a biology
course
comparing performance,
satisfaction of students as a
function of instructional format

attitudinal survey; final marks of several
sections
t-tests, ANOVA

sample: unknown *but very large*
number of university students in 15
physics classes
achievement as a function of either
Web-based homework assignments
or traditional assignments

Exam scores, SAT scores, homework
scores
t-tests

ES: calculable

ES: calculable

sample: 33 university Social Work pre- and post-tests
students in one of three classrooms Descriptive statistics, ANOVAS
(traditional, Internet, and traditional
+ Internet).
Performance and knowledge of the ES: calculable
History of Social Work.

Author, Date, and
Country

Study Type Aim

Hartzoulakis (2002)
Greece

quantitative

What was studied?

Note: ES = Effect Size
Investigate computermediated discussion in
the teaching of ESL

•

•

Maki, Maki, Patterson,
Whittaker (2000)
USA

Sankaran, Sankaran, Bui
(2000)
USA

quantitative
(survey)

quantitative
(survey)

Schoenfeld-Tacher,
quantitative
McConnell, Graham (2001) and
USA
qualitative

Tuckman (2002)
USA

How?

quantitative

Evaluate learning and
satisfaction of on-line
versus traditional
introductory Psychology
courses

•

Comparing the effect of
student attitude to
course format on
learning performance

•

Compare the effects of
on-line vs. traditional
delivery of a science
course

Evaluate a hybrid
instructional model
combining Web-based
and classroom
components

36

•

•

•

•

•

•

sample: 24 Greek secondary
school students in an English
course
choosing participants whose
English was poorest; investigating
learning in either a Web-based or
traditional format

Pre- and post-tests of performance
Descriptive statistics; ANCOVAs,
ANOVAs

sample: 218 Introductory
Psychology students in either an
on-line or face-to-face format
performance and satisfaction as a
function of course format (across
years)

attitudinal surveys; comparisons of final
marks and GRE questions
ANOVA

sample: 116 university business
computer course students (in one
of two groups)
performance on tests and attitudes
to computers

attitudinal survey; final test scores and
midterm scores
t-tests; descriptive statistics

sample: 44 university students in a
Histology course (on-line and faceto-face sections)
performance on exams and quality
of interactions among students

pre- and post-tests; chat transcripts, and
lectures
ANCOVA, ANOVA

ES: calculable

ES: calculable

ES: calculable

ES: calculable

sample: 452 university ‘study skills’ pre- and post-intervention GPA
students in three groups (WebANCOVAs
based, face-to-face, control)
achievement in course based on
ES: calculable
type of instruction

Author, Date, and
Country

Study Type Aim

Wang, Newlin (2000)
USA

quantitative
(survey)

What was studied?

Note: ES = Effect Size
Characterize students
who succeed at Webbased Psychology
classes

•

•

Waschull (2001)
USA

How?

quantitative
(survey)

Compare on-line versus
traditional formats of
Psychology courses for
attrition and
performance

37

•

•

sample: 105 university Statistics for
Psychology students in two groups
(Web-based and face-to-face
lectures)
Achievement, attitudes, and work
habits of students in different types
of course

Attitudinal survey, study habits survey,
on-line course activity, and course
grades
descriptive statistics, ANOVAs, t-tests,
correlations

sample: 74 students (in two
studies) enrolled in an introductory
Psychology course
Retention rates across groups,
performance, and satisfaction

course evaluation, test scores, class roll
chi-square, Bonferroni adjustment

ES: calculable?

ES: calculable

7.3

Meta-Analysis: Results

Four studies were excluded from the meta-analysis for fatal flaws in either methodology
or statistical analyses. Dufresne, Mestre, Hart, and Rath (2002) do not present an
appropriate statistic to enter into our meta-analysis, and those statistics that were
presented were questionable. They do not provide aggregate means or standard deviations
across classes, and although they do provide gain scores, they do not include a standard
deviation. Similarly Faux and Black-Hughes (2000) make numerous statistical errors in
their reporting, including labelling a p value an F and reporting the same thing as a
standard deviation in one sentence and a standard error in a table. Because of these errors,
we do not have confidence in their statistics and did not feel it was appropriate to include
them. Schoenfeld-Tacher, McConnell, and Graham (2001) offer appropriate statistical
analyses but have a design flaw that confounds their results. Their experimental groups
are given either face-to-face lectures or Internet lectures, but both groups are required to
take assessments on the Internet. It is not surprising that the face-to-face group, which
purposely had no Internet experience prior to testing, would perform more poorly on the
Internet tests. Also, it is unclear if the results are confounded by total time spent; on-line
students appear to receive almost double class/discussion time as lecture students, but
unfortunately there was no way to verify this as time per section was not presented in the
methodology. And finally, Wang and Newlin (2000) also present questionable statistics.
They report a mean of 89.8% (SD: 0.9) for their face-to-face section, and a mean of
85.7% (SD: 1.1) for their on-line section. This is not a normal distribution and as such is
not an appropriate sample on which to perform statistical analysis. We suspect that they
may have confused SE with SD, but there is no way to discern if this was the case or not.
The other 8 studies present an interesting story that complements the findings of our
narrative review. Overall, no clear difference is observed (see Figure 1) when comparing
the effect of networked versus traditional education.
Figure 1. Meta-Analysis: Achievement

Meta Analysis: Achievement
Citation

EffectName

Bain
Bain
Barkhi
Collins
Hartzoulakis
Maki
Maki
Sankaran
Sankaran
Tuckman
Waschull
Waschull

measure 2
.460
measure 1
.493
final grade
-.770
final marks
-.107
post-tests
-.881
GRE Questions
.308
final exam
-.189
incremental test scores
-.028
final test scores
-.134
GPAs
.360
test scores (study 2) -.424
test scores (study 1) -.823

FixedCombined (12)

EffectNTotalPValue
30
30
62
173
24
218
218
116
116
263
41
33

.206
.176
.004
.637
.036
.024
.166
.882
.478
.009
.177
.023

.000 1324

.993

-1.00

-0.50

Favors Trad
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0.00

0.50

1.00

Favors Networked

As Figure 1 demonstrates, there is no overall difference between the different modes of
instruction. Although some studies find the traditional group performing better than the
networked group, others have the opposite result. Clearly, based on the literature
reviewed here, there is no significant difference between the two methods of instruction
in terms of academic achievement (grades, test scores, etc.).
This finding pertains to an issue often raised in terms of technology and education: that
the standard methods of assessment used for traditional teaching are not appropriate for
the kind of learning being done in a technology-rich environment. If this is true, finding
no significant differences in terms of academic achievement (assessed using a traditional
conception of knowledge mastery and learning) merely reflects the inability to assess the
changes that are being produced by technology. It seems, then, that it might be more
appropriate to look at other measurements of “success” and “failure.” One option is to
look at measures of student satisfaction and sense of mastery with their learning,
independent of test scores. Although not all of the research offered relevant measures
with appropriate statistical information, three of the studies did provide this data.
Accordingly, we conducted a second analysis that focused on student ratings of
satisfaction (see Figure 2).
Figure 2. Meta-Analysis: Satisfaction

Meta Analysis: Satisfaction
Citation

EffectName Effect NTotal PValue

Barkhi
Maki
Maki
Sankaran

satisfaction
satisfaction2
satisfaction1
attitude to web

Fixed Combined (4)

-.192
-.895
-.799
.557

63
218
218
116

.449
.000
.000
.004

-.509

615

.000

-1.00 -0.50

Favors Trad

0.00

0.50

1.00

Favors Networked

Although our sample size was small and, thus, our results should be treated with caution,
the meta-analysis is still suggestive. A significant difference was found in satisfaction
levels favouring the traditional methods of instruction (N = 615; p < .0001). The
weighted mean effect size was g = -.509. The 95% confidence interval for the standard
error was -.675 to -.344, indicating a significantly positive effect for traditional
classrooms as compared to on-line classrooms. Interestingly, the very studies that show a
strong effect for traditional instruction are also the same studies that showed higher
achievement in the on-line sections in the previous analysis (Barkhi et al., 2000; Maki et
al., 2000). This echoes findings of our narrative review, in which measures of
achievement were often not related (or inversely related) to measures of student
satisfaction. Also of note is that all of the measures showed the effect in the same
direction except for Sankaran et al. (2000). Sankaran’s outcome measure is not actually a
measure of satisfaction with the course, but rather a measure of students’ attitudes toward
the Internet. Therefore, it is not surprising that they found that students who choose online sections have a more positive attitude toward the Internet, and caution that standard
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assessments of students in non-randomly assigned sections are likely to be influenced by
self-selection. As an addendum, it was disappointing to see that although some authors
commented on why measures of achievement might not be appropriate, very few
provided any other suggestions. An exception is Collins (2000), who offers a strong
analysis of achievement and also observes that “simply comparing student performance
in Web and traditional courses is not the best way of deciding on the success of such new
approaches. However, such a comparison should be considered as a first step in the
evaluation” (p.26). At the same time, however, he provides an evaluation of student
satisfaction for Web-based courses only, omitting (or not collecting) the same
information from lecture-based courses, thus thwarting meaningful comparison.
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8.

Meta Analysis: Discussion

8.1

General themes

Our meta-analysis looks at the effectiveness of networked versus traditional forms of
instruction by focussing on two measures: achievement measures, generally
conceptualized as grades, and satisfaction ratings. We find no difference between forms
of instruction on grades and achievement indices, and a significantly negative effect of
on-line instruction on student satisfaction. These data are comparable to the themes that
were raised in our narrative review, and are interesting results in light of the metaanalysis performed by Bernard, Lou, and Abrami (2003), which finds a small but
significant positive effect of interactive distance education over traditional education for
academic outcomes, and a negative effect for retention rate and student attitude toward
subject matter. Similarly, in their meta-analysis, Allen, Bourhis, Burrell, and Mabry
(2002) find a student preference for traditional instruction, but no difference in
satisfaction levels between the methods of instruction. All of these sources (our metaanalysis, our narrative review, and two other meta-analyses) point to student satisfaction
or preference for traditional instruction which does not seem to be correlated to actual
performance. Students appear to perceive networked instruction less favourably than
traditional instruction, regardless of their test scores.
This finding is very probably related to an issue that is raised in both our meta-analysis
(Maki et al., 2000) and narrative review (Clark and Jones, 2001; Dutton, Dutton, and
Perry, 2002), and is echoed in the work of Bernard, Lou, and Abrami (2003) — that
networked courses have lower retention rates than traditional courses. It seems reasonable
to argue that, if students are not enjoying their experience and feel like they are achieving
less in a networked environment, they will be more likely to discontinue the course,
regardless of their actual academic achievement. This is an important aspect for policy
and planning, and offers a suggestion for future work.
Another theme that echoes the findings of our narrative review is the argument that
networked learning is best suited to particular forms of instruction. Three papers in our
narrative review raise concerns about the use of networked education in the teaching of
courses with an affective or empathetic component, such as social work or teacher
education. Similarly, in the meta-analysis Barkhi and Brozovsky (2000) argue that virtual
classrooms support particular types of learning best, that is, ones that utilize independent
learning. For courses requiring group work and conflict resolution, the authors propose
investigating other options in a virtual setting.
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8.2

Gaps

Again, the gaps of our meta-analysis echo those observed in our narrative review. A
quick look at the study characteristics makes it clear that most of the research is
conducted in the United States. The Canadian context is unique and deserves research
that targets issues pertinent to Canada’s population, such as linguistic diversity and the
urban/rural divide. Similarly, most of the research is conducted at the university level. In
our meta-analysis, no studies were conducted with elementary-level students and only
two were done with secondary level students. This is a serious gap in that many of the
issues faced by children and adolescents in learning environments are incommensurate
with those faced by adults. We cannot generalize from adult learning strategies and
performance to school-aged children without running the risk of being fundamentally
misguided in our assumptions. The lack of research on K–12 students is troubling,
particularly given the findings of Cavanaugh’s (2001) meta-analysis of the effectiveness
of interactive distance education technologies in K–12 learning. Although she finds a
small positive effect in favour of distance education on a number of dimensions, she is
not looking specifically at networked education and does not specifically address
achievement outcomes. However, there are important findings specific to this population:
she finds a positive effect for small group size and programs of short duration, and a
negative effect for primary instruction through distance.

8.3

Methodological issues

Out of the 232 studies with which we began, we were only able to find 12 studies that
met our criteria and contained enough statistical information for inclusion in the metaanalysis. None of the researchers we contacted to request more statistical information
responded to our request. In addition, of the 12 studies that did meet our criteria for
inclusion in the meta-analysis, 4 suffered from such serious statistical or design flaws that
they were excluded from the analysis. This does not speak highly of the research done in
this area, and once again reiterates a point raised in our narrative review.
That being said, there are several examples of innovative and sound study methodology
in this sample. Bain, Huss, and Kwong (2000) studied grade 11 English Literature
students’ achievement and attitudes toward a hypertext tool in a repeated measures
design. The study lasted four weeks: in weeks 1 and 3, students were given traditional
lectures and independent reading for homework (baseline). In weeks 2 and 4, the
classroom teaching component remained the same but students were required to use the
hypertext tool as a replacement for traditional homework. At the end of each week,
students were given a test that assessed comprehension of the preceding week’s
instruction. In addition, an attitude survey about the students’ experiences with the study
tools was administered at the end of the fourth week. The results indicated that the
hypertext tool was a more effective method of study than the traditional method.
However, students’ attitudes toward the tool were ambivalent; although some reported
enjoying the process, many others did not. Overall, students spent more time on their
homework in the intervention weeks than during the baseline weeks, a fact the
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researchers point out might explain both their higher achievement and lower appreciation
for the tool. It is interesting to note that researchers used a tool with which the students
were all familiar, one that had been required in a previous unit. They argue that this had
the effect of decreasing any potential novelty effect, thus mirroring, to some extent, a
more real-world situation.
This study is a useful illustration because it offers the possibility of conducting a
controlled experiment in a real-world educational setting. By taking care to avoid novelty
effects, the authors also add validity to their findings and can make stronger arguments
about long-term reactions to technology in the classroom. Of course, this is not an option
for students who are physically removed from a given geographical location, and we
acknowledge that not all research on networked education can, or should, be conducted in
a similar manner.
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9.

Conclusions

The research on the effectiveness of networked and on-line technologies is still in the
developmental stage. Our review raises many issues about the quality and rigour of
research conducted in this area. There is a clear need for more systematic research on the
effect of networked and on-line technologies, particularly with a focus on children and
adolescents, women/girls, and people from marginalized populations.
Although much of the experimental research is limited in its quality, there has been an
impressive series of correlational studies conducted on very large populations. SITES in
Canada, ImpaCT2 in the UK, and Hakkarainen and Ilomaki (2000) in Finland have all
conducted country-wide investigations into the effect of information and communications
technologies (ICTs) on student achievement and attitudes. Statistics Canada has also
recently completed an analysis of country-wide data gathered from school-age students,
looking at computer use and academic achievement as a function of a number of socioeconomic variables (Looker and Thiessen, 2003). This work is particularly relevant to our
discussion of gaps in the research. Their data illustrate that traditional divides still exist,
with females, students from families of lower socio-economic status and lower parental
education showing less confidence in their computer use and abilities. Of special note is
their analysis of the urban/rural divide and use of ICTs. Overall, rural students and rural
schools seem disadvantaged in various ways compared to their urban counterparts. Rural
youth are less likely to have access to computers in their homes, and even more limited
access to the Internet; the computer support and educational software in their schools is
less specialized; and their teachers have less access to ICT support. Although Looker et
al. argue that rural schools seem to be making up for the lack of computers in the homes,
this argument should be approached with caution. Ravitz, Mergendoller, and Rush (2003)
recently demonstrated that higher in-school computer use is inversely related to academic
achievement. Instead, home use of computers is most strongly correlated with higher
academic achievement, a finding echoed by the ImpaCT2 study (Harrison et al., 2003).
These studies, while intriguing, are correlational by nature and so cannot offer the
explanatory power of empirical research. As spelled out in the discussions of both the
narrative review and the meta-analysis, there is a dire need for rigorous research in this
area in order to provide a basis for evidence-based policy formation.
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10.

Recommendations

Federal, provincial and municipal governments, and public agencies such as school
boards, colleges and universities, non-governmental agencies and private sector
organizations have made significant investments in information and communication
technologies. The investments include the development of infrastructure to support
access to the Internet, organizational intra-nets, general and special purpose portals, as
well as software. While there are few reliable estimates of the magnitude of the
investment, there is little doubt that the investments have been costly.
In an effort to address the absence of systematic knowledge about “the expansion of
knowledge in all fields, the proliferation of communications technologies, and the
globalization of markets for goods, services and ideas . . . ”, the Social Science and
Humanities Research Council of Canada fosters research under the ambit of Initiative on
the New Economy (see http://www.sshrc.ca/web/apply/background/ine_about_e.asp.
Though such effort is praiseworthy, much more systematic and programmatic research is
needed before strong conclusions can be drawn about the effectiveness and efficiency of
on-line and networked learning.
Federal, provincial and municipal governments, public agencies, nongovernmental agencies and private sector organizations should reserve a
proportion of their significant investments in on-line and networked learning
for well-conceived, well-executed programmatic studies of their efficiency and
effectiveness.

In addition to the relatively spare investment in research, much of the research that has
been conducted has been undertaken in the United States. While the similarities between
the United States and Canada are likely greater than the differences, the differences are
important. Canada’s dependence on immigration and the need to integrate persons from
diverse linguistic backgrounds into the fabric of the nation are but two of the
demographic differences that distinguish Canada from her southern neighbour. Canadian
industry exhibits lower productive efficiency than some other nations, and there are large
variations among provinces (see, for example,
http://www.statcan.ca/english/sdds/1402.htm,
http://www.statcan.ca/Daily/English/010824/d010824a.htm). The impact of such
differences on the use of information and communication technologies in general and online and networked learning in particular deserve much closer scrutiny.
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Research devoted to the effectiveness and efficiency of on-line and networked
learning should take into account contextual variables that distinguish
Canada from other nations and are likely to influence the effectiveness and
efficiency of on-line and networked learning.

While we are very much committed to the value of basic research free from constraint as
to the nature and direction that such research should take, the research that is needed is
applied and should be programmatic in nature. To that end, it would be advantageous to
establish research advisory committees to assist in the identification of priorities and the
adjudication of research proposals relevant to the domain (university, elementary and
secondary education, industrial or service sector) with which the sponsoring agencies are
concerned.
Care should be taken in empanelling a research advisory committee to avoid the
polarization that has occurred. We have observed that some members of the educational
research community have committed themselves to the use of particular research methods
in advance of formulating a particular research question — making the selection of
research methodologies akin to choosing up sides in a hockey game. We believe that the
selection of research methodologies must be subordinate to and occur after the
formulation of a particular research question, not prior. Different questions require
different methodologies. Rich, qualitative methodologies are particularly helpful in
acquiring a detailed understanding of processes. Randomized experiments are useful for
hypothesis-testing.
Sectoral research advisory committees should be established to assist in the
identification of priorities and the adjudication of research proposals relevant
to the sectors with which the sponsoring agency is concerned.

At present, there is an imbalance in the amount of attention devoted to on-line and
networked learning. Approximately 77% of the studies we identified were conducted in
university settings, with the remaining effort distributed among elementary and
secondary schools, workplaces, and community centres. There is a need for more and
better research in all sectors, but especially in workplaces, secondary, and elementary
schools. There is also a need for research in other types of education where adults make
up the student population and for special populations such as aboriginals. Given that the
nature of the activities conducted in workplaces is so varied, it will likely take significant
effort and resources to adequately investigate the efficacy and efficiency of on-line and
networked learning in the workplace. There is a significant body of research to support
the claims that (1) children and adults learn differently, and (2) adults with varying prior
experiences learn differently. Thus, it would be a mistake to make inferences from
studies of adult university learners to other adult learners or to elementary and secondary
students. For these reasons, and because of the significant investment in information and
communication technologies in the elementary and secondary schools, we believe that
priority should be given to research with children and youth of school age.
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Significant attention should be devoted to research in all domains, but
especially to the use of networked and on-line learning in elementary and
secondary schools, the workplace, other types of education where adults make
up the student population, and special populations.

Internet technologies have been favoured in the research literature. Our estimate is that
such studies account for approximately 60% of the recent available research. The
remaining 40% is distributed among studies of networked environments, tele-teaching,
and other computer-mediated technologies. These latter technologies deserve more
attention until such time as it is possible to make robust claims about their effectiveness
and efficiency.
Significant attention should be paid to research involving all available
technologies, but especially to networked environments, tele-teaching, and
other computer-mediated technologies.

Less than a third of the studies devoted to on-line and networked learning that we
identified and reviewed made use of control or comparison groups. We regard this as a
significant shortcoming in the research. Indeed, we favour the use of randomized
experiments where it is feasible to do so.
There are a number of objections to randomized experiments, including that they (a)
suppose an oversimplified theory of causation, (b) suppose an oversimplified
epistemology, (c) are not suited to complex organizations, (d) are premature until a good
theory of the program and its mediating processes has been developed, (e) are politically
infeasible, (f) have been tried and failed, (g) entail trade-offs not worth making, (h) are
unethical, and (i) are not needed because alternatives are available that are as good.3 We
are nonetheless persuaded by the argument advanced by Cook and Payne that random
assignment provides (a) a logically more valid causal counterfactual than any of its
plausible alternatives, (b) a more efficient counterfactual, and (c) a counterfactual that is
more credible.4 But we are also cognizant that it is necessary to “extend the measurement,
sampling, and analysis frameworks of experiments” in order to explore an interesting
range of questions.

3

Cook, T.D. & M.R. Payne. (2002) Objecting to the objections to using random assignment in educational
research. In Evidence matters: Randomized trials in education research, pp150–178. (Eds. Mosteller, F.
and R. Boruch, Brockings Institution Press)

4

Ibid. p. 174
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Investigations of on-line and networked learning, tele-teaching, e-mail, and
other computer-mediated technologies should make more extensive use of
randomized experiments [randomized control trials] where the experimenter
is blind to the conditions to which participants have been assigned.

Among the many justifications offered for the significant investment in the development
of information and communications technologies — including networked and on-line
learning — are that they (a) provide access to persons for whom access is difficult or
impossible (e.g., rural and remote learners; persons with disabilities; persons whose
schedules or commitments do not permit them to attend schools or postsecondary
institutions); (b) reduce the likelihood of inequalities developing between those with
access and those without access; (c) promote achievement for students whose learning
styles and needs differ from those who benefit from conventional forms of instruction;
(d) are necessary for ensuring Canada’s position in the “knowledge economy”; (e)
promote gender equality for women. Given the prominence they receive, we expected
that these issues would be investigated. The relative absence of research addressing such
justifications surprised us.
Investigations of on-line and networked learning, tele-teaching, e-mail, and
other computer-mediated technologies should attempt to determine whether
the claims made for such technologies — that they (a) provide access to
persons for whom access is difficult or impossible (e.g., rural and remote
learners; persons with disabilities; persons whose schedules or commitments
do not permit them to attend schools or postsecondary institutions); (b)
reduce the likelihood of inequalities developing between those with access and
those without access; (c) promote achievement for students whose learning
styles and needs differ from those who benefit from conventional forms of
instruction; (d) are necessary for ensuring Canada’s position in the
“knowledge economy”; (e) promote gender equality for women — are
justified.

We believe that conventional approaches to funding, such as those used by the Social
Sciences and Humanities Research Council of Canada, are not appropriate for the
programmatic research that is needed in the field. Establishing the domain as a funding
priority and eliciting proposals for research will not address the need for programmatic
research. The gaps in knowledge are too numerous and, judging by the research we have
reviewed, the quality of the research too poor to advance understanding of an area that
has received significant public and private investment. The situation is unlikely to
improve without significant financial commitment to research and guidance to
researchers about priority research questions within the domain and about the kinds of
designs that are needed to address the questions identified. (See also: CMEC On-Line
Working Group (July 2001) http://www.cmec.ca/postsec/on-lineLearningEN.pdf; the
Advisory Committee on On-line Learning (February 2001)
http://www.cmec.ca/postsec/evolution.en.pdf )
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A significant financial commitment should be made to funding research about
the effects, effectiveness, and efficiency of on-line and networked learning.
Only the Government of Canada has sufficient resources to provide the
financial commitment necessary to advance knowledge in this domain.
A research advisory committee should be established to recommend priorities
for funding and to provide guidance to researchers about priority research
questions within the domain.
Research capacity should be developed among persons interested in
networked and on-line learning. Such capacity should include attention to
research designs and methods needed to address the questions identified by
the research advisory committee.
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Appendix C: List of Data Elements for Coding
Coding Scheme
Author and title:
Identification of report:
Citation
Contact
Hand search
Electronic database
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Source peer reviewed? Yes/No
Country of Study:
Setting:
Elementary
Secondary
University
Workplace
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Subjects
Gender
Female
Male
Age:
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Secondary
University (adults)
Method
Type
Qualitative
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Case study
Other
Quantitative
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Quasi-experimental
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Random Assignment
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Yes
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Blind Investigator
Yes
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Internet
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CMC
Results
Effect size
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