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Abstract - Moodle is well known, widely used open source 
e-learning application. Its role is to provide framework for 
delivering educational content, and to enable better 
communication between students and lecturers. Moodle 
capabilities also extend far beyond this basic role due to many 
extensions written by the community. There are many types 
of Moodle resources available that can be used to deliver 
lectures. Various types of tests and quizzes can pool questions 
from custom created databases. Students results can be 
analyzed identifying questions that were either are too 
difficult, or to easy to answer. Such questions can be removed 
from databases without recreating existing tests. In order to 
improve lecturer productivity, automatic grading is preferred. 
Typical questions that can be included in tests with automatic 
grading are multiple choice, short answer, matching pairs, 
and similar questions types where there are one or more 
predictable correct answers. However, some student tasks are 
not so easy to grade automatically. In such situations lecturer 
must show more creativity when using Moodle, and creating 
tests. In this paper some examples of laboratory exercises will 
be shown where goal was to test the student understanding of 
measuring equipment usage, software application usage, or 
simulation environment. 

I. INTRODUCTION 

Laboratory exercises present complex form of class 
delivery because students are not only required to be 
familiar with the theory behind the particular exercise 
subject, but they also have to handle laboratory equipment 
and understand instrument's characteristics, and usage 
limitations. This is also the case with software applications 
used during the lab exercises, but at least those 
applications might also be available for student's usage at 
home, if open source or demonstration versions of 
proprietary tolls are used. This is not likely with real 
instruments, so at least user manuals, and instructions 
should be provided well in advance, and accessible also 
outside of the laboratory. This is role which Moodle serve 
very well so that both student, and lecturer productivity 
during  laboratory exercises could be higher.  

The final step in each exercises, one that is subject of 
this article is evaluation, and grading of student's results. In 
ideal case, each student should get unique parameters so 
that results are different within a group. It is perfectly legal 

for student's to consult literature, manuals, or any notes 
while performing the task procedure, but any attempt to 
also copy results from other group members should be 
discouraged.  

The requirement to have different parameters resulting 
in different results for each student put additional burden 
on person evaluating those results. This article shows 
examples what could be done to make personalization of 
laboratory exercises more productive within the Moodle 
environment. Some examples of laboratory exercises task 
generation, and their evaluation will be presented for 
several classes held within the Polytechnic of Zagreb, 
department for electrical engineering. All this information 
should be regarded primary as an idea what could be done 
in particular cases, since each laboratory exercise has its 
specific requirements. 

II. CREATION OF INDIVIDUAL TASK PARAMETERS 
FOR LABORATORY EXCERSISES 

Instructions, templates, and literature needed to prepare 
and perform lab exercises should be accessible to students 
in a Moodle repository well in advance. Those resources 
are typically same for all students within the class, and 
there is no need for any individualization here. All students 
perform the same tasks in the same time, but with different 
input parameters. This is enough to test student's ability to 
perform requested procedure.  

In order to supply individual parameter values to 
students, either some folder with custom prepared files 
could be opened as a map accessible from the Moodle, or 
quiz could be generated which will present parameters 
needed. Which approach is better, and what should be the 
best practice in such individualization depends on the 
exercise type, and the number of parameters required. 

For example, if laboratory exercise was to measure the 
frequency response of the simple low pass RC filter using 
either real equipment (i.e. oscilloscope) or simulation 
environment (i.e. Labcenter Proteus), all students would be 
given the same schematic diagram, but different values 
would be supplied for capacitors and resistors. Such small 
number of values is best delivered to each student 
individually in form of the Moodle quiz. Sometimes even 
one input value is enough, just to make a difference in 
possible output results, and to prevent student to present 
other results as his/her own. 



If much larger set of input values is required, a direct 
approach in which input values are specified within a quiz 
is not convenient, or even not possible.  

An example of such application is analysis of the signal 
represented with samples stored in a plain text or 
spreadsheet file. Students have to import predefined signal 
into the audio signal frequency analysis application (i.e. 
Cooledit, Audacity), and come up with the answer to the 
quiz question which could not be obtained by hand, or by 
using a simple calculator. In other words, only students 
using adequate tools applied to their own data could 
provide a correct answer. So how is the individual data set 
specified for each student?  

 
Figure 1: Input data files within Moodle for each student 

 
One possible approach is to store files with input data 

for each student individually within the Moodle lab 
repository. An example of such files stored under different 
student names is shown in Figure 1. To prevent students to 
have someone else do their exercises for them, such files 
could be hidden in their maps until the start of the lab 
exercise for student's group. 

There are however several disadvantages with this 
approach. Since Moodle could not perform hiding and 
revealing maps automatically within the quiz, the 
procedure requires lecturer intervention before and after 
each group, to setup data visibility for students. Also, each 
new generation required new files, and data storage on the 
server after several generations could become an issue. Of 
course, files could be just renamed each time, but it was 
soon obvious this was just to labor intensive on the lecturer 
side.  

Another approach uses a Moodle quiz question to 
specify only a pointer to the real input data. For example, 
the quiz might ask: "what is amplitude of the spectral 
component at frequency of 1440 Hz if signal was presented 
with 16-bit samples between rows 4096 and 8192 in the 
file samples_1.xls"?  

Or the task could be simply "Draw the signal 
represented with samples between rows 1234 and 5678 in 
the file samples_1.xls". 

Single data file could be available to all students, even 
from home, if it was much larger than any individual data 
set. Students have no way of knowing which part of the 

file will be used in laboratory exercise, and in which way 
exactly. File structure is changed only if needed for 
different question structure or if it was used by another 
type of application. Of course, master file, or should we 
call it monster file  could be changed for new generation of 
students, but then is necessary to edit set of existing quiz 
questions since correct answers do not match any more. 

Similar approach could also be used if the exercise was 
part of introduction classes about usage of computer 
spreadsheet applications (i.e. Microsoft Excel, or Open 
Office Calc). Input parameter could be broad range of 
values, where only limits of the data range were given 
within the quiz specific for student.  

An example of such approach is shown in Figure 2, 
where student is required to find the maximum value 
within given data range. 

 
Figure 2: Input parameter as a pointer to actual data 

 
There is no need for many different quiz questions, it 

should be enough only to make all questions look similar, 
and to design input data in such way that answer could not 
be guessed by simply looking at the data pattern.  

 
III. EVALUATION OF STUDENT PERFORMANCE 

DURING LAB EXCERSISES 
After individual tasks have been assigned, Moodle can 

help keeping track of work in progress for each student 
participating during the lab exercise. Assuming that there 
were enough working places for each student doing the 
exercise simultaneously, it should be easy for lab assistant 
or lecturer to address individual problems in exercise 
setup.  

Quiz questions could be set in order to check each 
exercise result. Those questions could also ask for some 
information from documents used for exercise preparation, 
or just the final measurement result could be required. In 
any case, quiz questions should be set in such way that it 
would be very difficult to obtain the correct answer 
without using lab equipment, or simulation environment. 
Single final result is indication if the whole lab exercise 
has been performed correctly or not. 

However, it is not always desirable to judge student 
performance based only on the final result expressed as a 
number. To promote good measuring practices instead of 
only rewarding final results, students should gain some 
points also for the measuring setup and procedure, even if 
the final result was not entirely correct.  



This is a point at which lecturer should step in by 
manually grading results where necessary. Each student 
reporting the correct final result for the exercise could be 
graded with maximum number of points automatically, 
while other students having less than maximum number of 
points could be asked to present measuring setup to the 
lecturer. After checking the their setup lecturer could give 
some advice, or manually assign points based on what 
he/she has evaluated.   

Figure 3 shows the exercise in using EDA (Electronic 
Design Automation) tools within the coarse lecturing about 
personal computer applications. It is simple example 
drawn using the Labcenter Proteus ISIS schematic entry, 
and circuit simulation tool. Student is given schematic 
design within the quiz question in the form of JPEG 
picture (so no copy/pasting was possible), and the 
requirement is to draw the schematic diagram using 
Proteus ISIS. All students get the same schematic diagram, 
but different values are specified for some, or all of the 
components. 

 
Figure 3: Electronic Design Automation (EDA) result evaluation  
 

Figure 3 also shows automatically graded student 
response. Answers were obtained by starting simulation, 
and reading values from instruments. Same concept would 
be applied if real instruments were used to perform 
measuring on the real electronic circuit. 

Such "all or nothing" grading concept is somewhat 
rigorous because single drawing or component value 
configuration error would result in false reading from both 
instruments, and zero points for assignment. On the other 
hand, this is a real world situation and it is up to the 
lecturer to decide if he/she would give some credits for 
neatly drawn schematic diagram with false results.  

In such case, like mentioned before, manual grading 
should be used to override automatic grades. In case of the 
simulated environment this could be done also after the 
laboratory session was finished simply by checking 
uploaded schematic diagrams for each student graded with 
less then maximum number of points. There is no such 
option when grading physical connections because circuits 
would be disassembled at the start of another lab session, 
so grading must be done in a real time.  

To help students detect errors before grading they could 

be alarmed by the Moodle application if results were 
different from those measured or calculated by lecturer, 
and known to Moodle as correct. Such trial and error 
method of performing the lab exercise could be penalized 
with some reduction in grade each time so that only 
success with first attempt  would give maximum number of 
points.  

Moodle also accepts tolerance for numerical answers, so 
that component tolerances in real circuits could be taken 
into consideration.  

In the examples shown so far some numerical results 
have been used to confirm students were able to use tools 
properly. What if this was not possible, and how could 
some less analytical tasks be automatically graded?  

An example is drawing the line graph using spreadsheet 
application. In order to automatically check student's 
ability to draw graph, data is supplied in a form of a huge 
array, or matrix containing data points representing 
different curves. Quiz question specify range (starting and 
ending point) which should than be used to draw a line 
graph. Based on a shape of graph obtained in his/her own 
line graph, student selects one of several graphs offered as 
the solution. If different curves "hidden" in a master data 
table were similar, there is low probability that student will 
guess the right answer. Also, the time frame for giving an 
answer could be limited so that only if student was familiar 
with the line graph drawing procedure, correct answer 
could be obtained in time. 

Figure 4 shows an example of the quiz question 
specifying range of data, and presenting different line 
graphs as possible answers. Student should choose the one 
similar to his/her own graph. 

 
Figure 4: Automatic grading of line graph drawing procedure 



Not every student task can be automatically evaluated, and 
this should not be a goal of evaluation process. The main 
goal is to use the time saved by automated evaluation for 
better evaluation of tasks which only human can evaluate. 
Simple example is the text formatting tasks within a word 
processing application. Task is given individually to each 
student, students can also upload finished documents 
individually using the link provided by the lecturer, but 
than students have to wait until lecturer manually checked 
and graded each document. There is not much possibility 
for automation here, but Moodle is still very useful for task 
assignment, and later for communication with each student 
individually during the grading process. Comments made 
about grades are not visible to other students, and mail 
inbox does not get overflowed with several hundreds mails 
all having similar document as attachment. 

IV. EVALUATION OF OTHER LAB EXCERSISE 
ELEMENTS 

Like mentioned in previous paragraph, Moodle supports 
uploading of student's documents via the link provided. 
This is very useful option for collecting laboratory exercise 
reports from students. Upload link has a predefined 
visibility, and after scheduled time it could be no longer 
accessible. This could also serve as additional element for 
grading exercises. Prepared students could finish their 
exercises, and upload report within the given time frame.  

Laboratory exercise reports are mostly reviewed later, 
but students are motivated to submit their reports in time 
because late submission could be rejected, or grade could 
be reduced. The balance between required speed and 
quality is up to the lecturer to establish.  

If standard template for student reports was used, some 
script could be written to compare results with parameters 
given. Laboratory exercises could have from few tens up to 
three hundred students per class, so it is easy to understand 
why automated grading could have such advantages, even 
if covering only a part of the grading process. 

Final element in checking student performance is the 
quiz with questions formulated to test understanding of 
laboratory exercises goals, methods, and results. 
Screenshots could be shown presenting the situation from 
simulation or from the actual measuring instrument, like 
shown in Figure 5 for the spectrum analyzer.  

Figure 5: Signal and question related to spectrum analyzer

Students are required to answer some multiple choice 
questions about the nature of the signal shown. Another 
possibility is to require some calculation for the signal 
presented in a time domain, like shown in Figure 6.  

Figure 6: Signal and question related to digital oscilloscope 
 
Signal shown is also actual result from the laboratory 

exercise, so the assumption here is that student who 
finished exercise on his/her own should not have problems 
calculating basic properties such as the signal average, or 
it's root mean square value.  

V. CONCLUSION 

Some methods of student work evaluation shown in this 
article have been used for last three years at Polytechnic of 
Zagreb, department for electrical engineering. It is 
interesting to compare student success with Moodle 
quizzes with their results in other forms of evaluation.  

Moodle results might be misleading in some cases 
because some students just do not handle on-line tests very 
well in principle. However, when taken as a part of a 
global impression about some student's results, in it's 
extreme cases Moodle quizzes are very informative, and 
correct most of the time. Students with both very low, and 
very high Moodle scores generally fit into same category 
also with other more traditional forms of evaluation.  

Conclusion is that Moodle evaluation can be put to very 
good use to identify students which have not done even 
basic preparation for their laboratory exercises. It is very 
important to have such identification done efficiently by 
the computer application, so that lecturer can devote more 
time and energy to prepared students who are likely to get 
the most out of laboratory exercises. 

Those students can also contribute more to further refine 
laboratory exercises, and help make them better and more 
useful for next generation.  
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