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Abstract - Disrupted by the COVID-19 pandemic, the 

2019/20 academic year brought an unplanned shift to 

education online. While teaching itself became more 

challenging, the main disruption was in testing, where not 

being in the same room with students whose knowledge was 

being evaluated posed serious challenges. This paper 

discusses the approach taken by the lecturers of the course 

„Fundamentals of electrical engineering” in professional 

study of electrical engineering at the Zagreb University of 

Applied Sciences. The paper examines the important role of 

a properly set up Learning management system for 

knowledge evaluation and compares the unproctored online 

approach to the typical proctored exam. 
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I. INTRODUCTION 

Depending on the educational direction, technology 

has always been a part of the educational process one 

way or another, whether we are talking about using 

computers in education or just using power point during 

an ex-cathedra session. In electrical engineering 

education, the inclusion of technology in the educational 

process is inevitable because of the fact that we are 

studying and educating about technology.    

 

During the 2019/20 academic year, because of the 

disruption cause by the COVID-19 pandemic, a large and 

an unplanned shift to using technology for education 

online occurred.  While most of the lessons could be 

adapted online, through use of streaming applications, 

presentation software and aided by the use of graphics 

tablets, the main disruption happened in testing. 

Suddenly, students and teachers were not in the same 

room while knowledge was being evaluated and this 

posed serious challenges to institutions and individuals 

that were accustomed to proctored testing.  

 

This paper examines the role of Learning 

management systems used as a tool for online knowledge 

evaluation in an engineering course named Fundamentals 

of Electrical Engineering at the Electrical Engineering 

department of the Zagreb University of Applied Sciences 

during the COVID-19 pandemic.  
 

II. EXAM CONCEPT AND IMPLEMENTATION 

Fundamentals of Electrical Engineering is a first 
semester course that acts as an introduction to electrical 
engineering for students. The course is spaced through 15 
weeks, which is the duration of a single semester. The 
course itinerary can be seen on Table I. Course 
examinations during the semester are done through two 
midterms, usually at week 7 and 15, and an additional 
midterm at week 16.  

During the 2019/20 academic year, all 3 midterms 
were held online, using Moodle as the Learning 
management system of choice. Moodle was chosen after 
considerable research [1]. 

To access the learning management system, students 
use their AAI@EduHr identity. AAI@EduHr is the 
Authentication and Authorisation Infrastructure of science 
and higher education in Croatia. It is operated and 
coordinated by the University Computing Centre, 
University of Zagreb, also known as SRCE. 

Each midterm consisted of 8 calculation problems. 
The examination for each midterm was split in two parts, 
with one part consisting of 6 shorter calculation problems 
while the other 2 calculation problems formed the second 
part of the exam. The whole midterm examination lasted 
120 minutes. 60 minutes was given for each part. Some of 
our prior work and experience was the largest influence on 
our timeline decisions [2]. 

A. Challenges 

The main challenge in online knowledge evaluation is 

keeping the outcomes the same as in an offline, proctored 

knowledge evaluation setting. Online, the biggest 

emphasis had to be put on curbing cheating. This can be 

done in various ways [3] [4] [5] [6], but due to the 

possible technical challenges that would be put on 

students and lecturers a choice was made to make the 

TABLE I.  COURSE ITINERARY 

Type of class Hours per week Number of weeks 

Lectures 3 15 

Auditory 3 15 

Laboratory 3 5 



testing unproctored and curb cheating in different ways, 

all of which will be covered by this paper by going 

through the first midterm as an example.  

 

267 students took the first online midterm exam. They 

were not required to have a microphone and/or camera 

mainly because the inability of monitoring such a large 

number of students all at once. There was also a concern 

for the stability of the streaming platform MS Teams due 

to the increased bandwidth.  

 

One of the larger student concerns was the “newness 

factor” of the online test. Students and teachers were in a 

way forced to be “early adopters” of such a knowledge 

evaluation procedure. This was mitigated by a mock 

midterm exam two weeks earlier that proved to be a great 

opportunity to test all the functionalities of the system for 

the users on both sides of the evaluation. A total of 187 

students attended the test and it proved to be a success. 

 

B. Question procedure 

In the first part of the exam, each of the six tasks 

awards 10 points, and in the second part, each of the 2 

tasks awards 20 points, which gives a total of 100 points. 

The exam was scored by the system and there were no 

negative points. Students are expected to make a 

calculation and, as solutions, type in the correct results 

with the appropriate units of measurement. Typed 

solutions without the correct unit of measurement were 

evaluated with 0 points. 

 

Each task (8 of them) was given in 4 variants with 

randomly generated numerical values, and the task 

schedule was given in random order with free navigation 

through the questions. This was done to curb cheating. 

Each task had several sub-questions leading to the final 

result in order to achieve gradual scoring and avoid 

scoring on the principle of true - false. Thus, it was 

possible to get partial points on an individual task.  

 

An example of one of the four variants of one exam 

task from the first part of the exam is given below. In the 

given network, according to Figure 1, determine the total 

resistance of the network and the instrument 

measurements. An example of supplied starting data 

would be: E = 3 V, R1 = 19 Ω, R2 = 10 Ω, R3 = 19 Ω, 

R4 = 10 Ω and R5 = 16 Ω. 

 

Students are expected to type the final solution into 

the response interface (Figure 2) when making a 

calculation. The solution should contain a numerical 

value and a unit of measurement. Clicking on the orange 

root icon in the interface shown in Figure 2 opens a new 

interface for students to type fractions, write the result in 

a scientific record, add prefixes in front of units using 

symbols, etc. (Figure 3), and the system recognizes all 

equivalents correct solutions.  

 

 

Figure 1.  Electrical scheme for a task 

 

Figure 2.  Answer input interface 

 

Figure 3.  Extended answer input typing interface 

 

Figure 4.  Setting up the response interface and allocating point 

distribution 



Assuming 2300 Ω is the correct answer the system 

will equally evaluate the following forms as a valid 

solution:  

• 2.3∙103 Ω 

• 2,3∙103 Ω 

• 2.3 kΩ 

• 2,267 kΩ  

 

The settings also set the system to recognize a 

deviation of 1.5% from the correct result. The system for 

entering results is also adapted to mobile devices, and the 

student does not necessarily have to access the exam via a 

desktop computer.  

 

To create this type of question in the LMS using the 

WIRIS QUIZZES tool, version 3.78.4, you first had to 

adjust the form of the answer that will be displayed in the 

test interface, the distribution of points (Figure 4), then 

adjust the formulas and set random numerical values 

(Figure 5) and define which input values are allowed and 

how much deviation from the correct result is also 

allowed (Figure 6). All remaining questions in the 

mindterms are set and created in the same way. 

 

C. Questions and outcomes 

In the course Basics of Electrical Engineering, 6 

learning outcomes were defined, and the first three 

outcomes were checked in the first midterm exam. These 

are the following outcomes: 

 

1. formulate basic concepts (branch voltage and 

current, structure equations for primitive 

elements: resistance, ideal voltage and 

current source, simple and complex circuit, 

measuring instruments) and laws 

(Kirchhoff's laws, Joule's law) related to the 

composition of direct current circuits 

electricity 

2. combine methods and theorems (contour 

current method, node potential method, 

addition principle, superposition principle, 

Thevenin's theorem, Norton's theorem, 

Millman's theorem) in solving problems 

related to linear networks of direct and 

alternating current.  

3. connect theorems and methods for solving 

linear DC networks with the appearance of 

capacitors as an element of the circuit and 

the laws of commutation (initial conditions, 

forced and free response, transient and 

steady state) and transients (charging and 

discharging capacitors and coils via resistors) 

 

The first 6 questions from the first part of the exam 

are designed by topics of weekly lessons so that all the 

predicted outcomes for this midterm exam are covered. 

On shorter questions of this type, practice, speed of 

preparation and accuracy of problem solving in a given 

time frame were checked. Brief description of the first 6 

questions: 

1. network with 4 voltage sources and 4 resistors in 

which it is necessary to determine the unknown 

resistance, the power of the network and how 

much power is dissipated in the network 

2. network given as a mixed connection of 5 

resistors with 1 voltage source and measuring 

instruments (voltmeter and ammeter) - it is 

necessary to determine the total resistance of the 

network and instrument measurements 

3. network with ammeter, two resistors and current 

and voltage source - it is necessary to determine 

the unknown resistance, voltage between the 

terminals of the current source and the value of 

the unknown resistance in order to consume the 

maximum power and the amount of that power 

4. network with two voltage sources, three resistors 

and one variable resistor - it is necessary to 

determine the value of the variable resistor in 

cases where the maximum power is consumed 

on it and when the efficiency is rated at 0.6 

5. capacitor network with 6 capacitors in a mixed 

connection - it is necessary to determine the total 

capacity, the amount of charge that will be 

 

Figure 5.  WIRIS QUIZZES interface in the LMS where the question is 

programmed  

 

Figure 6.  Setting the allowed input values and the amount of deviation 

from the correct solution 



delivered to the network if it is connected to a 

voltage source calculate network energy 

6. in the mixed connection of a capacitor / coil with 

two resistors it is necessary to determine the 

time constant and voltages and currents on all 

element after switching on the switch or in 

steady state 

 

The second part of the exam contains two questions 

that also cover all 6 weeks of teaching and all the 

outcomes envisaged for this midterm exam, but they 

require connecting different teaching topics. Students are 

expected to choose the most appropriate method and 

theorem to apply for the simplest way to solve the task. 

These tasks test the engineering approach to problem 

solving. Brief description of these issues: 

 

1. a complex network containing a switch by 

means of which the task is conceived in two 

parts - it is necessary to apply methods and 

theorems of solving networks and to determine 

the indications of all instruments and the 

working force of the connection before and after 

switching 

2. network consisting of a mixed connection of 

three resistors and a capacitor / coil which tests 

transients - it is necessary to determine current 

and voltage at the initial moment, the given 

moment t and in the steady state 

III. RESULTS 

 Moodle has enabled us a wealth of data to mine and 

try and better educate [7]. When observing the difficulty 

of the test, simple averages may not be enough, and we 

use different indicators for more information: 

 

• discrimination index - correlation between the 

score for a question and the score for the whole 

test 

• discriminative efficiency - percentage of the 

maximum value it could have taken given the 

scores the students got on this question, and the 

test as a whole 

 

For a good question, we hope for a high discrimination 

index which means that the students who score highly on 

a question are the same students who score highly on the 

whole test. The discriminative efficiency gets around the 

weakness of the discrimination index. 

 

With that information in mind, we analyze the results 

of our midterms and subsequent exams. The first midterm 

was attended by 267 students. The point distribution and 

the two mentioned question indicators are shown in Table 

1. Table 2. shows the exact same data fields but for the 

second midterm. The second midterm had a lower 

attendance of 184 students, meaning we had a drop in 

attendance between the two midterms of about 31.086 %. 

This is a typical pattern that we see throughout the years, 

where students who have poorly wrote the first midterm 

focus their attentions on the first exam term instead of the 

second midterm.  

 

Both midterms had the same question structure that 

was already laid out in the paper. Average points, the 

discrimination index and the discriminative efficiency, 

coupled with the fact that different questions have 

covered different topics, show us what part of the lessons 

were less understood among the student population and 

should perhaps be revisited during the semester. 

 

After the two midterms, in the February of 2021., 

students have two more exam terms, which we can also 

analyze. There is a difference that has to be noted. While 

TABLE I.  FIRST MIDTERM 

Question 

number 

Average 

points 

Discrimination 

index 
Discriminative 

efficiency 

1. 1,26 12,62 47,38 

2. 2,06 20,60 35,40 

3. 1,57 15,69 33,13 

4. 0,73 7,27 58,03 

5. 2,83 28,31 52,05 

6. 2,13 21,31 41,17 

7. 4,10 20,49 40,25 

8. 2,65 13,27 40,25 

TABLE II.  FIRST EXAM TERM 

Question 

number 

Average 

points 

Discrimination 

index 
Discriminative 

efficiency 

1. 5,18 12,95 48,48 

2. 12,64 31,59 48,63 

3. 4,68 11,69 35,95 

4. 3,81 9,51 48,50 

5. 8,13 20,32 43,91 

TABLE III.  SECOND MIDTERM 

Question 

number 

Average 

points 

Discrimination 

index 
Discriminative 

efficiency 

1. 4,02 40,24 47,10 

2. 1,29 12,88 31,87 

3. 1,82 18,18 60,80 

4. 0,82 8,21 45,25 

5. 2,20 21,96 56,18 

6. 1,71 17,12 66,00 

7. 1,21 12,12 40,04 

8. 1,87 18,75 40,04 



the midterms had 8 questions, the exams have 5. This 

makes it a bit more difficult to analyze the less 

understood lessons since with a smaller number of 

questions, the topics are intertwined.  

 

The first exam term had an attendance of 77 students, 

while the second one had an attendance of 172. This is 

also a usual pattern of attendance, explained by the fact 

that the first exam term is only a week after the second 

midterm. Students usually opt for more time for studying 

and preparation and attend the second exam term en 

masse.  

 

An analysis of the two, shown on Tables 3 and 4, 

shows that the second exam term was significantly more 

successful one from the student perspective. This type of 

data also gives us an insight into exam difficulty among 

different professors or teaching assistants that author the 

exam and can be a tool for standardizing the exam 

difficulty.  

IV. CONCLUSION 

From an institutional perspective, shifting student 
online knowledge evaluation was a necessity. From an 
educational point of view it represents a successful shift to 
an unproctored type of knowledge examination that opens 
up a wide array of possibilities for data mining and a pilot 
project for potential shifting of some aspects of 
engineering education online in the near future.  

There is also an opportunity for further research, 
which is planned on the. Potentially interesting 
comparisons of proctored and uproctored, offline and 
online knowledge evaluations can be made when 
examining the success rates of students that have failed 
the exam in the academic year of 2019/20 and are 
attending the course in 2020/21. This would allow us, 
using their academic success on other courses for control 
data, to draw more detailed comparison between the two 
vastly different approaches to knowledge evaluation. 
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TABLE IV.  FIRST EXAM TERM 

Question 

number 

Average 

points 

Discrimination 

index 
Discriminative 

efficiency 

1. 22,31 39,59 42,86 

2. 17,60 46,85 48,52 

3. 12,26 47,69 49,97 

4. 17,03 61,38 63,07 

5. 16,60 52,94 58,00 


