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INTRODUCTION
Assessment is important in all forms of learning. Over the past
several decades, educational researchers are in agreement that one
way to improve student success is to increase the frequency of
examinations.1–3 The use of assessment to provide feedback to
teachers and students over the course of instruction is called
formative assessment. Making students aware of their knowledge
increases understanding of the material. This metacognitive skill
of ‘knowing when you do or don’t know something’ is considered
to have an important impact on student motivation, assisting them
to develop skills necessary to become lifelong learners.

Today, the electronic media offers a variety of ways of present-
ing or structuring learning opportunities that were not available
previously in higher education. Moreover, information technology
in the past decade has become relatively inexpensive, very power-
ful and nearly ubiquitous, making a computer-based approach to
assessment and grading very practical and economical.4 Most of
the present-day learning management systems include test builder
tools that automate the process of authoring questions.

In a study supported by the Croatian Academic Research
Network (CARNet) we aimed to identify the effect of a mixed
web-based/problem-based (WBL/PBL) collaborative learning en-
vironment enriched by periodical formative tests on students’
academic achievement. We wanted to test the hypothesis that one
way to improve student success is to increase the frequency of
formative testing.

FROM IN-CLASS TOWARD WEB-BASED LEARNING
At Zagreb University School of Medicine there is enthusiasm for
implementing new information technologies into medical educa-
tion.5 Several effective e-learning projects have already demon-
strated that enrolling students in WBL can positively affect their
academic achievements.6,7

Acid–base homeostasis is one of the most difficult areas of
physiology for medical students to master and is thus a common
topic for developing teaching tools.8 Our first contribution to this
problem was in 1991, when the in-class PBL elective course of
human acid–base physiology ‘Are we sour?’ was developed and
implemented.9 The aim was to provide an overview of this difficult
subject in conjunction with PBL scenarios. The advent of web–
based course management tools such as WebCT (http://
www.webct.com) provided elegant vehicles to create course infra-

structure within which students can solve problems, investigate
issues, conduct internet research and interact by using enhanced
communication applets.

In 2001 we took our second step: a faculty team, supported by
CARNet developed a mixed WBL/PBL course, in which a major
portion of the learning activities were moved online, and time
traditionally spent in the classroom was reduced but not elimi-
nated.10 The goal was to combine the best features of in-class
teaching with the best features of online learning to promote active
independent learning and reduce class seat time. Using computer-
based technologies we redesigned the in-class PBL course with
new online learning activities, self-testing exercises, simulations
and online group collaborations. The amount of material covered
in the mixed course, and the depth with which it is covered, is
generally equal to that of the classroom-based course. Both
courses (30 credit hours) are designed to require students to work
in small collaborative groups, using problem-solving activities to
develop an understanding of the topic.

With regard to assessment, in relation to the classroom course,
the mixed course was enriched by 26 self-tests with immediate
feedback. It is important to stress that all 26 formative tests are not
assigned to each student. On an average, one student is offered
about 10 self-assessments (approximately 1 formative assessment
per e-tutorial). Students submit their answers electronically and
receive instant feedback on their performance. In addition to
multiple-choice questions, the tests use true/false, matching,
calculated, short answer and written paragraph questions.

ASSESSMENT OF STUDENT LEARNING ACHIEVEMENT
In our study, the students were given 2 types of final summative
tests: paper-and-pencil tests which were evaluated electronically
were given to students in the traditional course, and WBL/PBL
students had to complete online proctored tests. Both types of tests
were ‘open book’ and problem-based (students were confronted
with the description of a problem based on real ‘patient cases’)
such as medical findings of blood gas data of patients with acid–
base disorders. The test comprised of 36 ‘cases’, with a maximum
score of 36. The test examined both factual recall and higher order
thinking, including integration of knowledge and problem-solv-
ing ability.

Learning effectiveness was measured in terms of student
learning outcomes. Assessment of student learning outcomes
measured whether the learning outcomes, the objectives that the
faculty had set, were being met. For this purpose the scores of the
final summative tests were analysed. Students’ final test scores
from the WBL/PBL test group (n=37) were compared to a control
group, whose instructional opportunities were from the in-class
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PBL model (n=84). To examine if regular self-testing and feed-
back during learning via the WebCT virtual learning environment
enhanced overall learning outcomes, we compared the score of the
final summative test with the number of completed formative self-
assessments.

EFFECT OF FORMATIVE SELF-TESTING
There was a significant difference in the mean score of the end
course summative examination between students learning in the
mixed environment and those learning in the traditional way. For
the mixed mode students, the scores ranged from 18 to 33
(maximum 36 points) with a mean (SD) score of 25.81 (0.66),
while the mean score for classroom students was 22.08 (0.67) with
a range of 7–32 (t=3.3952; p=0.0009).

 Students who achieved a high score in the final summative
examination completed on average approximately twice as many
formative assessment items and achieved a higher score for
formative tests than those who did poorly. Students in the ‘high-
score’ group (top 10 students) completed 4–8 formative self-tests,
whereas students in the ‘low-score’ group completed only 0–3
formative assessments.

Our modest experience presented here, and at the CARNet
Users Conference, (CUC 2004)11 as well as the work of other
educational researchers, suggests that students’ progress in a
mixed WBL/PBL environment can be positively affected by the
use of technology. Student usage of computer-supported systems
is far from well understood and, consequently, the evolution of
technology and pedagogy for these systems will continue for some
time before agreed understanding and standards emerge. The
improvement discussed in this article relates to students using
web applications that can be embedded into the assessment

activities so that more interesting and challenging problems can
be presented to students in an online format. With appropriate
organization of formative assessments, the instructors can have
students engaged in doing, rather than just passively experiencing
or reading. Thus, the unique features of a web-based instructional
environment open up a new frontier for online instructors to
practise a more student-centred pedagogy. However, the effective-
ness of a course is less dependent upon the enabling technology
than on the skill with which the instructor uses the available
technology to construct learning experiences.

REFERENCES
1 Pikunas J, Mazzota E. The effects of weekly testing in the teaching of science. Sci Educ

1965;49:373–6.
2 Fenderson BA, Fishback J, Damjanov I. Weekly mini-examinations (quizzes) based

on extended-matching questions as a means for monitoring medical student performance.
Croat Med J 1996;37:283–7.

3 Henly DC. Use of web-based formative assessment to support student learning in a
metabolism/nutrition unit. Eur J Dent Educ 2003;7:116–22.

4 Barua J. Computer-based testing on campus. Syllabus 1999;4:51–2.
5 Taradi SK. Integration of the internet into medical education. Lijec Vjesn 2002;124:

36–41.
6 Dominis M, Nola M, Jukic S, Fishback J, Damjanov I. Computer-based teaching of

pathology at the Zagreb University School of Medicine. Croat Med J 1999;40:
425–8.

7 Taradi SK, Taradi M. Expanding traditional physiology class with asynchronous online
discussions and collaborative projects. Adv Physiol Educ 2004;28:73–8.

8 Rawson RE, Quinlan KM. Evaluation of a computer-based approach to teaching acid/
base physiology. Adv Physiol Educ 2002;26:85–97.

9 Pokrajac N, Pavicic F.  Are we sour? [in Croatian]. Zagreb:University of Zagreb
Medical School; 1991.

10 Kukolja Taradi S, Taradi M, Radic K. Interactive module of acid base balance in
humans [in Croatian]. http://webct.carnet.hr:8900/public/fiz01/index.html [accessed
3 Dec 2004].

11 Sixth CARNet Users Conference, Zagreb, 2004. http://www.carnet.hr/CUC/cuc2004/
program/papers/list/h2_taradi_absbio.html.

Association of Rural Surgeons of India

Cash Award For Innovations

The Association of Rural Surgeons of India offers Antia-Finseth Innovation Award of up to Rs 10 000
for any innovation that is useful in rural healthcare. The innovation may be an equipment, procedure
or even a concept. The innovator may be a medical, paramedical or non-medical person.

Apply with details (not to exceed 2 full scap pages) about the innovation, and with
photographs, if necessary, to:

Dr B. D. Patel
Hony Secretary ARSI

Sushruta Hospital
Shahada 425409

Maharashtra


