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Abstract— This is a quantitative and qualitative study on the 

application of Computer Based Assessment (CBA) to education 

in the health sciences, in the particular context of the 

Universidad Austral de Chile (UACh)–Valdivia. We developed a 

CBA system specially tailored for a Parasitology course taught at 

UACh, where this kind of evaluations had not been tried before. 

This system targeted the replacement of the Microscope-based 

traditional exam with a CBA exam based on digital images. We 

evaluated the appropriateness of the CBA system in terms of the 

performance of the students in the test, the students’ responses to 

satisfaction questionnaires, and the instructor’s opinions. Results 

showed that the CBA system was appropriate, since its use did 

not have significantly negative effects on students’ performance, 

and acceptable, since the students found it easy to use. 

Furthermore, the instructor found that the CBA system offered 

the following advantages over the traditional approach: it gave 

more flexibility for taking the exams, it simplified the process for 

reusing the exams, and it reduced significantly the great deal of 

time required to evaluate and supervise the exams. 

Keywords— Computer Based Assessment; Parasitology; 

microscope; Evaluation; quantitative/ qualitative study; CBA 

I. INTRODUCTION  

Computer Based Assessment, CBA, refers to the use of 
computers in the exam administration process, be it for 
recording or assessing students’ responses. CBA has been in 
use for several decades and there has been a significant amount 
of research in the field, from the early efforts concerned with 
the automatic generation and printout of tests presented in [25], 
through the very recent studies about attitudes of students 
towards CBA found in [9].   

CBA is nowadays used in a diversity of fields and 
institutions, from standardized entrance examination tests such 
as GRE [13], to classroom evaluation at all levels of education 
and training, as exemplified by [20], which studies the 
effectiveness of feedback in formative CBA in higher 
education, and [15], where a CBA system was developed for 
high school students. Furthermore, there are large-scale efforts 
to generalize the use of CBA at all levels of education in 
different countries, such as the U.S.A. [11], and the European 
Union [24]. However, despite its widespread use, CBA has 
been slow to be introduced into some communities, such as the 
School of Medical Technology at the Universidad Austral de 

Chile (UACh) - Valdivia, where most of the examinations are 
still conducted using traditional means. While these traditional 
means do provide some advantages, they also lack the features 
that CBA can offer. Therefore, motivated by the need to 
enhance the process of test-taking within this community, our 
project led us to implement two Computer Based Tests in the 
area of Human Parasitology, which were applied under 
supervised conditions to two different Parasitology groups.  

One of the key skills for healthcare professionals is the 
ability to properly identify cells, organisms, and cell structures 
in microscope images. Therefore it is crucial to have an 
effective way to measure this skill in the curriculum. A 
traditional exam in this area is usually conducted at a 
specialized lab where several microscopes have already been 
prepared with appropriate images. The students are lined up so 
that they take a fixed time at each microscope in order to 
identify the cells, organisms, and/or cell structures it shows. 
Once this task is accomplished, the students will have to 
answer different questions involving concepts such as the 
location of the organism in the host, the morphological 
characteristics of the organism, or a specific diagnostic of the 
condition/disease caused by the organism.  This is a very 
resource intensive way of testing the students, since it requires 
one microscope per each question. It also makes it 
cumbersome, and in practice impossible, for a student to go 
back and forth through the different questions, since there is 
always a student at each microscope. Furthermore, neither the 
exams, nor the questions used in them are easily reusable, since 
it is not possible to keep the microscopes permanently fixed 
into a particular image, given that they will be used for other 
tests, practices, etc. The disadvantages of the traditional test-
taking approach can be divided into two different groups: 

The first group includes those disadvantages that affect the 
examiner, such as: a) The limitation of having to host the tests 
always at a specialized lab, b) The lack of reusability of the 
exams, which results in extra work for the professor each time 
an exam has to be taken, c)  The great deal of time required to 
evaluate the exams, given that all the questions have to be 
evaluated manually, d)The great effort required for supervising 
the exam given that the students are moving from microscope 
to microscope during the exam, thus offering the possibility for 
students to communicate with each other at that time.  

Software development was funded by the main author. Funding for the
empirical study was provided by MECESUP, “Mejoramiento de la calidad y 
equidad de la Educaciòn Superior” under project AUS 0705 “Metodología de 
construcción colaborativa de objetos de aprendizaje con contenidos 
anatomoclínicos y organismos patógenos para la Facultad de Medicina", 
awarded to UACh - Valdivia.  



The second group includes disadvantages that affect the 
examinee: a) The lack of flexibility for the student to take the 
exam, since it is necessary to answer the questions in a strict 
order and there is no opportunity of returning to change an 
answer once the allotted time for the corresponding question 
has expired, b) The need to have a microscope available for 
each question in the exam, c) The time spent doing the exam 
may be longer than it should, since it is necessary to 
synchronize the use of the microscopes by the students, d) The 
cumbersome and complicated logistics for taking the exam, 
given that responses are given in paper sheets. This kind of 
disadvantages has also been observed in similar contexts in the 
medical field, such as in [18]. On the other hand there is 
always a very important advantage for the traditional test-
taking approach, namely the opportunity to take the exam 
using the actual tool that will be used in practice: the 
microscope.  

A more detailed description of the pros and cons of CBA in 
the healthcare sciences can be found in [5], where some 
particular problems are emphasized, such as security concerns 
for summative evaluations performed using the internet, and 
the possible unfairness of the test (e.g. when some students are 
more skilled than others as computer users). However, for our 
study, we did not focus on the possible security problems, 
settling for identifying the Internet Protocol (IP) addresses of 
the computers used by each student taking the test, and 
monitoring their activity to ensure no improper communication 
took place. Furthermore, all students in our group had similar 
computer skill levels, and had a training session with the 
software, prior to their exam, thus avoiding any significant  
unfairness due to different abilities to use the 
hardware/software. 

The proposed solution was to develop a computer based 
exam to overcome the problems just described, while keeping 
the sense of reality given by using an actual microscope. The 
ultimate solution would have been to provide a virtual 
microscope to allow the students to have all the functionality of 
the real instrument, since it is important for them to know the 
different controls of the microscopes. However, in order to 
focus in a more specific issue, we settled at this time for a more 
modest goal, namely, developing and evaluating a software 
system for testing the students’ ability to identify cells, 
organisms, and/or cell structures in images. This approach 
allowed us to compare the microscope with the CBA system in 
the specific case of exams that evaluate only the ability to 
interpret images and do not require students to manipulate the 
microscope’s controls. The software we developed and the 
measurements of its impact, both in terms of the quality of the 
student’s performance and of the attitude of the students 
towards the use of technology are the main subject of the 
remainder of this paper. Furthermore, we interviewed the 
instructor of the course where the computer-based tests were 
applied in order to get the examiner’s point of view regarding 
the usefulness of those tests. 

Let us now describe how we expected the proposed 
software to address the shortcomings of the traditional method 
we enumerated earlier. First, a computer-based exam should 
allow the test-taking to be done at any computer room, or 
better yet, given appropriate security measures, from anywhere 

in the Internet, therefore removing the restriction of taking the 
test at the microscope lab. This characteristic removes most of 
the problems for the examiner with regards to the logistics and 
flexibility of the exams. Additionally, for questions that include 
a multiple-choice component, a significant part of the 
evaluation can be done automatically, thus reducing the 
workload for evaluating the exam. Given current computer’s 
massive storage capacity, it is very easy to store and reuse the 
exams as a whole or, if necessary, to reuse some of the 
questions in different exams. Second, this kind of exam should 
also have benefits for the examinees, allowing them to respond 
the exam at their leisure, moving from question to question in 
any order desired and devoting the time they deem necessary to 
each question. In addition, since each student will remain at 
one single workstation for the duration of the exam, it will be 
easier to monitor the students during the exam, and it will also 
be easier for the students to take the exam in a reasonable time, 
since they will not need to move around to respond each 
question. Finally the responses of the students will be in 
computer readable format thus simplifying data manipulation 
and evaluation.  

These expected improvements should be achieved while 
maintaining the quality of the experience. In other words, the 
students should be able to take the exam in the computer-based 
format without having a detrimental effect on their 
performance. For this to happen, the students should feel at 
least as comfortable with the computer-based exam as with the 
traditional exam, considering factors such as: the quality of the 
images, which must be as close as possible to the ones 
observed in the microscope, the exam navigation functions, 
which should allow the student to move easily through the 
exam, and the quality of the graphical design, which should be 
appealing to the user. Our main objective was, therefore, to 
show that the use of CBA in our particular context would 
simplify the test-taking process without affecting the students’ 
performance in the exams. To validate this objective, we 
defined two evaluation metrics: 

a) Appropriateness, which we define as the property of the 
system to allow the students to perform at their best in the 
exam. We tested this property by verifying that the students’ 
performance using the computer-based test was not 
significantly worse than their performance using the traditional 
test-taking method. There have been several studies comparing 
students’ performance in computer-based tests and traditional 
exams in different fields. Some of these studies have even tried 
to establish the equivalence of both test modalities. For 
example, [19] examines the impact of individual differences in 
test equivalence between computer-based and paper-and-pencil 
styles. However, for our particular study, we were not trying to 
establish equivalence, but only ensuring that the computer-
based exam gave at least the same opportunity to students to 
show their knowledge as the traditional exam. Furthermore, 
our particular test field has the peculiarity that traditional 
exams also involve the use of technology, namely the 
microscope, which makes it somewhat different than other 
fields that rely only on paper-and-pencil exams. 

b) Users’ acceptance, which we define as the willingness of 
the users to start using the CBA system as a complement or as 
a replacement of the traditional exam. We tested this property 



by taking the opinions of students through a questionnaire, and 
by interviewing the instructor to get some insights about the 
usefulness of the system from a professor’s perspective. Given 
the current widespread use of computer and information 
technologies, students’ opinions/attitudes towards the use of 
this kind of technologies in different aspects of education tend 
to be positive, as exemplified by diverse studies, such as [26] 
where positive student opinions were gathered with respect to 
the use of a combination of web-based tools for distance 
education, or [9], where students’ attitudes towards CBA are 
evaluated in a medical school context. The results of the latter 
study are related to ours to some extent, since they also found 
positive students’ attitudes specifically towards the use of 
CBA. However,  their methodology is different from ours, 
since they focus only on student´s attitudes while we consider 
it only as a complement to more objective measurements, such 
as the appropriateness property we mentioned in a), and the 
instructor’s opinions.  

II. IMPLEMENTATION  

All the computer-based tests used in this study were 
generated using a modified version of SisKOALa [16], [17]. 
We considered other options, like TCExam[1], HotPotatoes 
[14], Respondus[23], and EasyTest[10], as well as some CBA 
systems that have been particularly developed for the health 
care sciences, such as CBT, a system deployed at the 
University of Iowa, College of Medicine [22], and the test 
driver developed by the National Board of Medical Examiners 
in the USA [12], which is used for their certification exams and 
practice materials. However, our familiarity with SisKOALa 
and the availability of its source code for modification were the 
deciding factors to use SisKOALa. Furthermore, there were 
several cost, availability, and technical requirement issues that 
prevented us from using other software.  

According to Wiley [27], a learning object is “Any digital 
resource that can be reused to support learning”. Considering 
this definition, SisKOALa is a domain-independent computer 
software that semi-automatically creates web-based learning 
objects for student self-evaluation in a given topic. In order to 
create a new learning object with SisKOALa, the user only has 
to provide the appropriate configuration files, where the 
contents, interface format, and other parameters must be 
specified. In addition to the configuration files, the contents of 
the exam itself, such as the questions, options and correct 
answers have to be provided as separate image and/or text files. 
The formats required for the different types of files are widely 
used: plain text and RTF for text files, and JPG for image files. 
Since most higher-education instructors nowadays, at least 
within our context, have enough technical skills to produce 
word-processing documents and images, it is not necessary for 
them to learn any new software to create a new exam with 
SisKOALa. One shortcoming we found in most other CBA 
software we reviewed was the fact that it was necessary to type 
in the questions for the exams, which regardless of the 
simplicity of the interface involves a duplication of work when 
the exams have already been created.  Since the text of the 
exams for our target group was already developed by the 
instructor in a well-known word processing software, it was 
not necessary to retype each question to enter it into the 

system, but it was only required to place it in the right 
directory. These characteristics, as well as the fact that 
SisKOALa requires one single technology, namely java, 
allowed us to use the software with ease.  

Since the basic version of SisKOALa only allows the 
creation of self-evaluation learning objects, it was slightly 
modified so that it could allow students to submit their answers 
for later evaluation. Complete automated evaluation is not 
possible when there are questions that involve free-text 
responses. Since that was the case for the exams in our study, 
human supervision was required to obtain a final evaluation.  

Two SisKOALa-generated exams were developed in the 
subject of Parasitology. The topics of the exams were 
“Protozoos y Artrópodos” (Protozoans and Arthropods), and 
Helmintos (“Helminthes”). The development of the 
configuration files for these exams was done by the course’s 
instructor, guided by SisKOALa`s developer. The course 
content files were developed collaboratively by professors and 
students following to some extent the methodology described 
in [3]. Each exam consisted of 30 questions. There were three 
different question types: multiple choice, essay, or a 
combination of these two styles. Most questions included 
images, either as background information for the question, or 
as response choices. There was no particular technical 
requirement for the images, but they were photographies taken 
directly from the microscopes used in class. Their quality was 
validated by the course’s instructor. Fig. 1 shows a SisKOALa 
generated report for a 3-question partial sample Protozoans and 
Arthropods exam answered by one of the students. 

 

Fig. 1. Sample partial report for the Protozoans and Arthropods Exam, 
including actual answers given by a student. 

 A sample screen for a Helminthes exam question is shown in Fig. 2.  



 

Fig. 2. Sample screen from the Helminthes Exam. 

III. METHODOLOGY 

The Parasitology exams were tested in a real course setting, 
namely, PRST 115 “Parásitos Eucarióticos de importancia en 
Salud Pública” (Eukaryotic Parasites of importance in Public 
Health), at UACh, Valdivia. Since it is difficult to offer a tool 
only to some students in a real class without creating a bias or 
favoring some of the students over the others, it was 
challenging to find a way to have a control group. Our 
approach was to divide the group into two sections, so that all 
students had access to the software, but for different exams.  

The study followed a quasi-experimental design. The 35 
third-year Medical Technology students registered in the PRST 
115 course in 2009 were the total population for the 
experiment. This original intact group was divided into two 
groups: Group I (G I) n: 20 students,  which used the 
computer-based tool to take the exam for the Protozoans and 
Arthropods module, and Group II  (G II)  n: 15, which used the 
computer-based tool to take the exam for the Helminthes 
module. Each group took the other topic’s exam in the 
traditional way, thus allowing us to use each group as the 
control group of each other’s. The assignment of each group to 
a given topic was done randomly. Each exam consisted of 30 
questions.  

Appropriateness was evaluated by comparing the grades 
obtained in each subject by students taking the CBA exam 
against those grades obtained by the students taking the 
traditional exam. Grades were given in a scale of 1-7, which is 
the standard in the Chilean educational system. User’s 
Acceptance was evaluated by taking students’ opinions through 
a questionnaire, and interviewing the course’s instructor. Most 
Students’ opinions were aggregated into Student Satisfaction 
Levels that were computed for each section of a questionnaire, 
while a single question was used to determine the Students’ 
preference regarding the two different ways of taking the 
exam.  

To measure Student Satisfaction Levels we developed a 15-
item questionnaire, which was divided into three sections 
focusing on the effectiveness of the user interface, the appeal 
of the graphical design, and the relevance of the contents to the 
course, to be used as a data collection instrument. The students 

answered this 15-item questionnaire after they took the exam. 
They were to rate each item in a scale from 1 to 7, where 
values of 6 and 7 meant excellence levels, a value of 5 was 
considered neutral, and values of 4 and under meant deficient 
levels. Preliminary results of this study were presented in [4].  
We tested this instrument’s consistency using Cronbach’s 
Alpha [7] and expert judges’ opinions.  

We used Cronbach’s Alpha to test the reliability of the 
instrument.  This coefficient tests specifically what is known as 
the internal consistency of an instrument, which is the degree 
to which several items that are meant to evaluate the same 
dimension actually correlate. Values of Cronbach’s Alpha are, 
in general, in a range from minus infinity to 1.0, and a higher 
value indicates a higher degree of correlation between the 
items. The Cronbach’s Alpha coefficient was computed for 
three different sections of our questionnaire, which were meant 
to measure users’ opinions about three dimensions: usability, 
graphical design, and contents of the exam. The Cronbach’s 
Alpha values calculated for each of these dimensions were: 
Usability 0.90, Graphical Design 0.78, and Contents 0.71. 
Given that any value of Cronbach’s Alpha larger than 0.65 
indicates that the questions that compose the questionnaire are 
internally consistent [7], we can conclude that our instrument 
was reliable in all of its dimensions. 

IV. RESULTS AND DISCUSSION 

A. Appropriateness 

The differences between the grades obtained by the 
students taking the exam in the traditional way and those 
taking it in the CBA system were not significant. G I students 
obtained an average grade of 4.11 in the Protozoans and 
Arthropods exam, while the control group obtained 4.16. G II 
students obtained an average grade of 4.44 in the Helminthes 
exam, while the control group obtained 4.33. In both cases, the 
difference was not significant with 95% confidence, according 
to Student’s t-test (p>0.05). Specifically, for the protozoans 
and arthropods exam p=0.86, and for the Helminthes exam 
p=0.69. Table I. presents a statistical summary for this part of 
the study.  

TABLE I. Statistical Summary 

 

 These results were similar to those found in previous 
similar experiments in different fields, such as those presented 
in [2] and [21], where no significant differences were found 

EXAM: Protozoans and Arthropods 

GROUP Avg Min Max Sdev Skewness Kurtosis 

G1 (CBA system) 4.11 2.7 6.35 0.99 0.52 -0.31 

 
G2 (microscope) 4.16 3.1 4.85 0.59 -0.93 -0.64 

Student’s t test  t -0.17 p 0.86 p>0.05  

EXAM: Helminthes 

GROUP Avg Min Max Sdev Skewness 

 

Kurtosis 

 
G1 (microscope) 4.33 2.3 5.6 0.84 -1.58 .71 

G2 (CBA system) 4.44 3.1 5.8 0.76 .46 -0.43 

Student’s t test  t -0.40 p 0.69 p>0.05  



between the scores obtained in computer-based exams and 
those obtained in paper and pencil exams, but the computer-
based exams were easier and faster to take. According to our 
definition of Appropriateness, the lack of significant 
differences in student’s performance between the two test 
modes indicates that the CBA system can be considered 
appropriate.  

B.  User’s Acceptance 

The Student’s Satisfaction level was measured in terms of a 
Net Satisfaction Index, NSI, which we define as the difference 
between the percentage of students ranking the system at an 
excellence level, and the percentage of students ranking the 
system at deficient levels. Therefore, any NSI above 0% is 
considered good (i.e. the percentage of students ranking the 
system at excellence levels was higher than the percentage of 
those ranking it at deficient levels), and anything above 50% 
means an overwhelming measure of success (i.e. the 
percentage of students ranking the system at excellence levels 
was at least 50% higher than the percentage of those ranking it 
at deficient levels). Fig 3. summarizes the results presented in 
this section, which are discussed next. 

 

Fig. 3.  Percentage of users ranking the satisfaction indices at levels of 
Excellence, Deficient, and the calculated net satisfaction index for each of the 

dimensions evaluated for both, the Protozoans and Arthropods, and the 
Helminthes digital modules. 

The overall Net Global Satisfaction Index (i.e. the 
combination of all area specific Net indices) was 55% in G I, 
and 53.3% in G II. The NSI was computed in three different 
areas: Interface Usability, Graphical Design, and Contents.   
The overall NSI for the Interface section for the Protozoans 
and Arthropods exam, and the Helminthes exam was 
respectively, 70%, and 66.7%, which means the students were 
very satisfied and confident using the interface. The Graphical 
Design section evaluation was also positive with overall NSIs 
of 52.6% and 53.3% for the Protozoans and Arthropods exam, 
and the Helminthes exam respectively. Finally the evaluation 
of the Contents section was still reasonably good, with NSIs of 
50% and 46.7% respectively for each of the exams.  

 Most students preferred a mixed mode of test-taking style, 
incorporating the computer-based exam, without totally 

replacing the traditional exam (85% in G I, and 86% in G II). 
None of the students in G I, and only 6.7% of the students in G 
II chose to keep only the traditional mode. Some studies have 
tried to replace the use of microscopes in the health sciences 
with CBA technology. Particularly relevant to our research are 
the studies presented in [6], where a web-based exam was used 
to replace a microscope-based exam in the field of Histology, 
and [8], where computer based study tools were used to replace 
microscopes in chiropractic education. Both studies 
concentrated on the students’ perceptions and opinions 
regarding the use of computer-based tools as opposed to 
microscope-based tools. Both studies gathered positive 
opinions from the students regarding the use of computer-
based tools in this context. However, neither of them compared 
the actual performance of the students using the two different 
types of tools.  

The instructor in charge of developing the aforementioned 
exams was interviewed to determine user’s satisfaction from an 
examiner’s point of view. The instructor was asked to compare 
the process of creating, taking, evaluating, and reusing exams 
with SisKOALa with the same process using traditional 
methods, according to the following metrics: flexibility to 
choose the place where an exam has to be taken, ease to reuse 
exams and questions, ease to evaluate exams, ease to 
proctor/supervise exams, time taken by the students to 
complete the exam, and simplicity of the procedure to take the 
exams.  

From the instructor’s answers we concluded that in fact, the 
tool was effective to solve all the disadvantages outlined earlier 
in this paper, namely those related to the lack of flexibility for 
taking the exams, the difficulty to reuse the exams, and the 
great deal of time required to evaluate and supervise the exams, 
therefore significantly reducing the instructor’s workload. 
Furthermore, the disadvantages of the traditional method for 
the examinees were also addressed, the SisKOALa-generated 
exams allowed much greater flexibility than the traditional 
method for navigating the exam, removed the need of having a 
physical microscope for each question, reduced the time to take 
the exam, and simplified the logistics for taking the exam. 
According to the results just presented, we can say that the 
CBA exams passed satisfactorily the users’ acceptance test 
from both, the students’ and the instructor’s perspectives. 

Nevertheless, there are always possible improvements, so 
the instructor was also asked a last question to suggest possible 
improvements to the system. The response pointed out that it 
should be possible to make the generation of the exams in 
SisKOALa even simpler. While the current way for creating 
exams depends on user-provided plain text files with a very 
simple format for describing the exam’s configuration, the 
development of a graphical editor for this purpose was 
suggested. It was also suggested that the system could go 
beyond the use of still pictures and text to allow richer media to 
be displayed, such as the full simulation of the microscope for 
the Parasitology exam. 

V. CONCLUSIONS  

The CBA system tried in this study was well liked by the 
students, and it was also useful to simplify the test-taking 



process. Its use did not have any significant effects on the 
performance of the students in the tests. It was shown that the 
use of CBA in our particular context will simplify the test-
taking process without negatively affecting the students’ 
performance in the exams. The instructor’s interview 
confirmed that the use of the tool improved the flexibility and 
simplicity to take the exam.  However, it is also to be noticed 
that students did not want the computer-based tool to totally 
replace traditional exams, since, as pointed out earlier, there is 
always the need to practice with the real tool that will be used 
at clinical labs. Therefore a combination of styles, CBA and 
traditional, was preferred by most students. 

As shown by the relative ease with which exams in 
Parasitology were developed, further diversification to generate 
widespread use of the SisKOALa tool appears to be 
appropriate. In this direction, SisKOALa has already been 
successfully used in the development of exams in the subject 
matters of Statistics, Chess, and Intellectual Property Issues. 
SisKOALa defines a few types of questions, which were 
enough to meet the needs of this study. Adding more question 
types could allow a wider spectrum for the applicability of this 
tool. In terms of the specific subject matter of Parasitology, the 
scope of the present study was limited to test one particular 
skill, namely identifying cells, organisms, and cell structures in 
digital images that replaced the usual microscope images. The 
full development of a virtual microscope can offer even greater 
benefits for students and professors in the field, allowing them 
to learn and practice the different tasks that must be performed 
in a microscope without necessarily having one available. 
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