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Many researchers have focused on the question of whether or not there is a difference in
learning effectiveness between online and on campus courses. Using the SOLO taxonomy, we
explore the quality of learning outcomes of students enrolled in “Computer Network and
Internet” classes offered by an institution in wholly online and face to face (blended) learning
modes. Students enrolled in the F2F course made much less use of the e-learning resources than
those in the virtual course. Although there were significant differences between the two classes
with respect to pre-test scores, at the end of the semester, there was no significant difference in
post test scores or SOLO ranking. This is not to say that the two classes resulted in the same
individual improvement in learning outcomes. This methodology, if adapted to include more
assessment items and larger cohorts of students might be a useful model for evaluating the
pedagogical effectiveness of various e-learning courses.
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Introduction
The last decade has seen a proliferation in degree programs and courses offered wholly online, or on
campus with supplementary support provided online. Student’s experiences of online learning has
generally been positive though in 2002, fewer than 6% of students took online courses for credit, with
only half reporting that the course was a worthwhile learning experience (Jones, 2002). With the
proliferation of online courses there have been concerns about the quality of the course offerings and the
educational outcomes achieved by participants (Barbera, 2004; Benigno & Trentin, 2000). Often
evaluations of online courses tend to focus on comparisons with traditional courses, rather than examine
the real issue of whether quality learning is happening in online courses.
The pedagogical effectiveness of computer based and online learning experiences has been under active
research for many years (Hartley, 1996). Whilst pre- and post-tests have often been used as measures of
instructional effectiveness, they often focus on recall if facts and when used alone do not reveal sufficient
information about the quality of learning, or depth of understanding reached by students. This is in part
because of different types of assessment in the different courses, or because assessment items do not
involved higher order learning. One framework for considering the quality of learning outcomes is the
Structure of Observed Learning Outcomes (SOLO) taxonomy (Biggs & Collis, 1982). Bloom’s taxonomy
can be used for planning examinations, but SOLO is best used to review learning outcomes (Biggs,
2002). The five level SOLO taxonomy, when applied to student responses to examination questions, can
be used to see if the learner has remembered only a number of points without relating them in a
meaningful way or has built meaningfully related structures in the newly learned material, that has been
extended by relationship with prior knowledge related to the topic. Thus the primary goals of this study
were to use the SOLO taxonomy to explore the quality of learning outcomes from students completing a
wholly course with those completing a parallel on campus course.
The context of this study
The Computer Networking and Internet course is offered by the National SunYat Sen University
(NSYSU), Taiwan in two parallel modes. Those enrolled in the virtual course (n=62) were largely
industry based working adults taking the course through NSYSY online whilst those enrolled in the
blended course (n=30) were postgraduate Masters students at the MIS Graduate School, NSYSU. The
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virtual course (wholly online) was based upon a pure e-learning model: a weekly, two hour interactive
lecture delivered though desktop videoconferencing (from Australia) was followed by an interactive one
hour tutorial conducted by synchronous chat with electronic whiteboard facility with follow up
discussions amongst students facilitated through an asynchronous discussion forum. The F2F course was
taught on campus through two hour video based lectures, supported by the same synchronous tutorial
hour and an asynchronous discussion forum offered to the virtual class. The on campus course used
tutored video instruction (Dutra et al, 1999) where the teaching video was the recorded lecture from the
virtual course, replayed, with the additional support of a faculty member to further explain and clarify
matters raised by the students in the classroom. Our particular interests related to the educational
effectiveness of these two courses.
Table 1: Computer networking and internet course descriptions
•
•
•
•
•
•

F2F Class (Blended Course)
Weekly 3 hour lecture in a classroom
Weekly 1 hour online real time tutorial
Final report presented in class
Online discussion board and queries
Homework assignment
Small group report discussion

•
•
•
•
•
•

Virtual Class (e-Course)
Weekly 2 hour online real time class
Weekly 1 hour online real time tutorial
Online final special project
Online discussion board and queries
Online small group discussion
Online small group report discussion

Methods
At the beginning of semester, a progress test (PT) (Whelan et al, 2002) with 16MCQ and two essay type
questions was administered to students enrolled in both courses. The progress tests, designed using the
SOLO framework, contained questions designed to assess knowledge ranging from that expected of
undergraduates entering the course to knowledge well beyond that expected of graduates of the course.
This design of the examination was such that no student enrolled in the course would gain a 100% result,
but that all students could improve their test scores during the course. There was a range of questions at
each SOLO level, though most were at higher levels indicative of understanding. Each question was
given a number of marks equivalent to its level of understanding required to answer it, according to
SOLO. Items reflecting attainment of uni-structural understanding (characteristic of SOLO Levels 1-2)
carried 1 mark, those reflecting multi-structural understanding (SOLO Level 3) carried 2 marks, and those
reflecting relational or extended abstract understanding (SOLO Level 4-5) carried 3 marks. Student
examination scripts from the essay type questions were scrutinised using the SOLO and rated
independently by two teachers and agreement reached through moderation (Zimitat & McAlpine, 2003).
The PT score was determined by summing marks for each correct item in the test. Differences in scores
on the pre- and post-PT were examined for the two classes.

Results
Students in the F2F class were able to view and participate in the online activities on their own volition,
however their participation was limited. Students in the F2F made an average of 8 discussion forum posts
compared with an average of 52 posts in the virtual class. Students in the virtual class participated and
reviewed Office Hours video on demand an average of 48 times throughout the course, compared with
average of 8 viewings by those in the F2F class. The number of course pages accessed by students in the
virtual class was two fold higher than that of F2F students.
The pre-PT results of the students in the F2F class were significantly higher than those enrolled in the
virtual class (Table 2). The students in the virtual class had lower scores, but there was a greater range of
scores than that seen in the F2F class. On the post PT, students in the F2F had higher mean scores, but
there was no significant difference between the mean scores for the two classes. In the case of post PT
scores, there was a greater range of scores in the F2F class than in the virtual class. The SOLO based
analysis of questions in the pre-test revealed that students in the F2F class had a deeper understanding of
the subject matter on entry to the course compared with the students in the virtual class (p<0.05)(Table 3).
On exit from the course, there was no significant difference between the groups in terms of their depth of
understanding of the examination topics. This is not to say that the overall learning ‘effect’ of the two
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courses was identical. Plotting each student’s performance on the pre and post questions (Table 4) shows
a clustering in the lower right corner. This reflects increased post-test scores compared with the respective
pre-test scores. In the Virtual and F2F classes, 33% of students increased one SOLO rank from SOLO 3
to SOLO 4. It is noteworthy that some students in the F2F class did not reach SOLO 3 and some
regressed.
Table 2: Pre- and post-PT test results for the two classes
Progress
Test
Pre*

Class

Students

Average

Standard Deviation

Virtual class
37
49.8649
F2F class
21
60.2381
Virtual class
37
60.1351
Post
F2F class
21
63.8095
* Significant difference between e-class and Blended class t=-2.387, df= 56, p<0.020

17.6575
12.1363
15.0225
20.8509

Table 3. Pre- and post- SOLO scores of Virtual and F2F Classes
SOLO Rank

1
2
3
4
5
Mean SOLO
score

Virtual Pre
(n=37)

1
3
21
11
1

3%
8%
57%
30%
3%
3.21

Virtual Post
(n=37)
0
0%
0
0%
13
35%
23
62%
1
3%
3.68

F2F Pre
(n=21)

0
1
8
11
1

0%
5%
38%
52%
5%
3.57

F2F Post
(n=21)
0
0%
3
14%
1
5%
15
71%
2
10%
3.76

Table 4: SOLO Change matrix. Changes in individual pre- and post- SOLO ranking
Virtual Class

Pre-test
SOLO rank

Post test rank distribution
1
2
3
4
5 n
1 0
0
0
1
0 1
2 0
0
1
2
0 3
3 0
0
9 12 0 21
4 0
0
3
7
1 11
5 0
0
0
1
0 1
n 0
0 13 23 1 37

F2F Class

Pre-test
SOLO rank

Post test rank distribution
1
2
3
4
5 n
1 0
0
0
0
0 0
2 0
1
0
0
0 1
3 0
1
0
7
0 8
4 0
1
1
7
2 11
5 0
0
0
1
0 1
n 0
3
1 15 2 21

Discussion
There were three important finding arising from this study. First, students enrolled in the parallel courses
in this study achieved comparable learning outcomes. Second, the use of SOLO has potential for
uncovering the depth of learning occurring in (online) courses. Third, even virtual classes that mirror
traditional F2F courses can achieve sound learning outcomes with a diverse range of students.
Learning outcomes for the two courses were comparable when SOLO was used to inform assessment
planning and review learning outcomes. The use of grades in evaluating educational outcomes is based
upon the often incorrect assumption that the course content is adequately sampled in the assessment
regimen and assesses understanding rather than lower order cognitive skills (Biggs, 200). In this case,
multiple choice questions and two open ended questions used a pre- and post-tests provided some
standardisation for comparison between the two courses. However there were other assessment data that
could have been analysed using SOLO to determine more broadly the extent of learning achieved in this
course. But since different assessment tasks were used in the two courses, for the purposes of direct
comparison between the courses it was inappropriate. If the exercise was to be repeated, it would be
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useful to consider the use of a broader range of assessment items common to both courses that could
available for analysis.
The majority of students in the virtual class demonstrated improvements in learning compared with those
in the F2F class. Given that the participants in the virtual course entered from industry, often with a
limited formal knowledge of the subject matter, this was a welcome sign. Course website logs show that
these students made extensive use of online materials, including the replaying of recorded lectures and the
use of the discussion forum. The greatest potential for e-learning lies in harnessing the power of
technology to support students from non-traditional backgrounds (Veronikas & Shaughnessy, 2004). In
this virtual course, the orchestration of a range of learning experiences and resources appeared to be near
optimal in supporting students less prepared for academic study.
The differences between these two courses point to some factors necessary for the educational
effectiveness of online courses. Communication tools – discussion forums, email and interactive video
and whiteboard - were infrequently used by students in the F2F course. However in the wholly online
course they were almost over used. Morris & Zuluaga (2003) and Koory (2003) emphasised the
importance of a range of mechanisms to facilitate staff and student interactions for successful learning in
online courses. For students (in this case in different cities in another country), these mechanisms
appeared to provide equivalent academic and peer interactions that would normally occur in the F2F
classroom. Examining the relationship between these communication mechanisms and learning outcomes
is an area for further research.
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