
HOW MUCH IS TOO MUCH IN E-MATERIALS? CASE STUDY IN 
ENGINEERING 

Hanna Kinnari-Korpela1, Sami Suhonen2 
1 ICT Engineering, Tampere University of Applied Sciences (FINLAND) 

2 Physics, Tampere University of Applied Sciences (FINLAND) 

Abstract  
This study investigates a learning experience related to different e-materials of 1st year electrical 
engineering students at Tampere University of Applied Sciences. The study was carried out after 
students had participated quarter of first year’s studies. As several first quarter courses included vast 
variety of e-learning materials, such as short videos and automatically assessed online exercises, the 
authors wanted to explore how do students experience the utilization of them. Especially, if is there 
already too much e-materials and how high cognitive load do the students experience.  

Learning itself requires cognitive processing. Learning with diverse e-materials has a potential to 
cause cognitive overload. In this study, the authors wanted to explore students’ own experiences of 
cognitive load related to e-materials. Thus, students’ learning experiences and their experiences and 
feelings of cognitive load were investigated.  

A total of sixty-nine students participated in this study. Based on the online survey results, students felt 
learning with short videos and computer assessed exercises useful and the cognitive load was not felt 
too high. In fact, the amount of e-materials could have been even higher. Based on the results of this 
study, all teachers should consider utilizing educational technology, short videos and automatically 
assessed online exercises. Also, to help the students to share their workload more evenly, regular and 
continuous assessment should be considered instead of a massive final exam.  
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1 INTRODUCTION  
Nowadays universities use educational technology in many different ways. This study concerns about 
utilization of e-learning materials and students’ learning experiences related to them. The study was 
carried out at Tampere University of Applied Sciences (TAMK) in Finland for first year electrical 
engineering students after they had finalized the first academic quarter  studies. TAMK uses Moodle 
as learning management system (LMS). Thus, the delivery of e-materials, organizing learning process 
and inspection of learning activity were easily organized through Moodle.  
During the current decade, lot of e-materials have been produced and implemented as a part of 
studies for example in mathematics and physics courses at TAMK. E-materials have included i.e. 
short videos produced with different techniques, online exercises and different kind of e-learning 
materials such as theory and exercise documents, links to external resources etc. However, human 
brain has a limited short-term memory capacity. Learning with diverse e-materials has a potential to 
cause cognitive overload. As the utilization of educational technology has increased in different 
courses, the authors wanted to explore, how do students experience the utilization of them. Especially, 
is there already too much e-materials? In addition, it was explored how high cognitive load do the 
students experience during the first period studies. 

2 ELECTRICAL ENGINEERING STUDIES AT TAMK 
The academic year at TAMK has been divided into four quarters, called periods, with the duration of 
seven to eight weeks of each. Typically, the durations of courses are one or two periods. The first 
academic year consists of basic studies in electrical engineering and basic studies in mathematics, 
physics and languages. Some courses in a student’s study plan can be elective preparatory courses. 

The curriculum of electrical engineering students in first academic period includes following 
compulsory courses: 

− Geometry and Vector Algebra 3 ECTS 
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− Basics of Logical Controls 3 ECTS 
− ICT Tools 4 ECTS 
− Fluid Mechanics and Thermophysics 3 ECTS 
− Finnish Language and Communication 3 ECTS 

In addition, students can freely select one of the following preparatory courses: 
− Orientation for Engineering Mathematics 3 ECTS (typically before first period studies) 
− Basics of Electrical Engineering 3 ECTS 
− Mechanics 3 ECTS 

The preparatory courses are suggested to the students based on their earlier studies or after 
completing a level test. In general, students’ backgrounds and proficiencies can vary greatly in 
universities of applied sciences. Some of the students possess background from vocational studies as 
the others have studied in high school. Therefore, for example in mathematics and physics courses, 
the cohort can be quite heterogeneous. 

Nowadays in many cases, courses include e-learning materials and utilization of different kind of 
educational technology. For example, in electrical engineering mathematics, physics and basics of 
electrical engineering studies, educational technology such as short videos and automatically 
assessed online exercises were used systematically. In this research, we concentrated on these 
courses as they contained different kind of e-learning materials.  

On the other hand, incoming students’ e-learning skills can be inadequate in tertiary level. Some of the 
students may not have been studied online. Thus, the authors wanted to explore, how the first year 
electrical engineering students experienced the utilization of educational technology. 

3 METHODOLOGY 
The students’ overall learning experience related to utilization of educational technology was explored 
with online survey. The survey explored how useful students experienced learning from videos and 
with online exercises. In addition, log data from Moodle learning management system (LMS) was 
analyzed in mathematics course. With the log data, it was possible to explore students’ learning 
activity. As the core of the investigations was on utilization of educational technology, we concentrated 
on mathematics, physics and basics of electrical engineering courses. These courses included 
abundant amount of e-learning materials. 
The e-learning materials of two Geometry and Vector Algebra courses (groups A and B) included 
automatically assessed online exercises and short educational video clips. During these courses, log 
data from Moodle was recorded. With the log data, it was possible to explore students’ learning activity 
in these two similar courses with almost same materials, but with different assignment timings. For the 
group A, thirty-one short videos were provided and for the group B only six videos. Group B had also 
two interactive exercises. 
Both groups had three set of online exercises (abbreviation E1, E2 and E3) but with the different 
timings. The timings of these exercises have been presented in Table 1. Group A had three sets of 
online exercises including a total of thirty-two exercises. These three sets had separate deadlines. 
Group B had also three sets of online exercises with twenty-two exercises but the timings of E2 and 
E3 were same. 

Table 1.  Timings for online exercises 

  E1 E2 E3 
Group A 9.9.-18.9. 3.10.-11.10. 12.10.-26.10. 
Group B 7.9.-20.9. 3.10.-12.10. 3.10.-12.10. 

Basics of Electrical Engineering course included e-learning materials such as one short educational 
video for reviewing complex numbers, two interactive simulations and three sets of online exercises (a 
total of thirty-five online exercises). This course was a preparatory course for students, who hadn’t 
vocational school background. Thus, only a part of students from groups A and B participated in this 
course. 
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Mechanics course included short video clips, week exams and exercise sessions. During this study 
nine video clips were provided for studying. This course was optional but it was recommended to 
students, who had vocational school background. 

4 EDUCATIONAL TECHNOLOGY OF THE STUDY 
In this study, e-learning materials included short educational video clips and automatically assessed 
exercises of mathematics and basics of electrical. The e-learning materials were delivered through 
Moodle as TAMK uses it as LMS. The video clips were produced with different techniques. A part of 
the videos was uploaded to YouTube and the other part was released through cloud service such as 
e.g. ShowMe. In automatically assesses exercises, the different question types of Moodle quizzes 
were exploited. The following chapters shortly introduce the main educational technologies used in 
this study. 

4.1 Educational video clips 
Videos have been used for educational purposes for years. However, the used methods and 
techniques vary. Educational video can be for example face-to-face lecture recording or short 
educational video clip. Good examples in engineering education have provided e.g. [1], [2], [3] and [4].  
In this study, short, one-topic videos were produced by the mathematics and physics teachers. The 
techniques used were:  

1 Pen and paper: in this method, a video camera or iPad is used to record A3-paper from above. 
Teacher writes and draws and explains the topic simultaneously. For example, solutions to 
algebra based  homework exercises were recorded this way. 

2 ShowMe and EduCreations: in this method, screencast videos were recorded on iPad 
containing teacher’s audio narration. In practice, teacher wrote down the text and examples 
beforehand on tablet’s screen and while recording, taught the current topic (a screenshot of 
video clip is in Fig.1.). For example, solutions for exercises, additional theory and hints for 
exercises were recorded this way.  

 
Figure 1: A screenshot of video clip 

4.2 Computer-aided assessment 
Computer-aided assessment (CAA) has been used for years now. In mathematical engineering 
studies, typical form of CAA are mathematical online exercises. Moodle allows instructors to build 
different types of quizzes that can include e.g. multiple choice questions, numerical questions and 
STACK. Especially in mathematical engineering studies, STACK question type has been utilized 
widely as it allows using mathematical expressions as answers [5], [6].  
In this study, CAA was used by the mathematics and electrical engineering teachers. CAA was utilized 
in a form of mathematical online exercises. The online exercises were provided through Moodle 
quizzes that were a set of exercises/questions automatically marked by Moodle. The questions 
included different types of Moodle question types such as STACK and multiple choice questions. 
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5 RESULTS 
The students’ overall learning experience related to utilization of educational technology was explored 
with online survey after students had participated quarter of first year’s studies. A total of sixty-nine 
students participated in this study, in which 90% responded to the survey. The following chapters 
shortly introduce the main results of the study. The chapter 5.1 concentrates on results related to 
video clips, whereas chapter 5.2 presents the results related to Moodle log files and concentrates 
more on online exercises.    

5.1 Survey results 
Based on the survey answers, the students’ experiences and feelings were mapped in three 
“dimensions”: 1) The amount of videos, 2) The usefulness of videos (in learning) and 3) The feeling of 
stressfulness or cognitive load. The student answers are presented both as bar diagrams (Fig. 2-3) 
and as 2D bubble graphs (Fig. 4-5). 
According to answer distribution shown in Fig. 2, 80% of the students reported that the videos were 
somewhat or very useful for studying and learning. Only minority, 8%, considered videos to be not 
very useful and no-one thought them to be not useful at all. 

 
Figure 2: Usefulness of videos 

In addition to the usefulness, the students were asked to evaluate the number of videos in their 
studies. It should be remembered that several courses offered educational video clips and the 
teachers worked individually and didn’t take each others assignments into consideration when giving 
homework and other assignments to students. Therefore, the authors were a bit worried if the amount 
of simultaneous videos was already too much. Figure 3 shows students’ opinions in this aspect. They 
considered the amount to be sufficient (55%) or could have had even more (37 %).  
The same questions were asked related to online exercises. 60% of respondents found learning with 
automatically assessed exercises somewhat or very useful. In addition, 60% of respondents preferred 
to learn with videos, whereas 40% preferred to learn with automatically assessed exercises.  

   
Figure 3: Amount of videos 
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The bar diagrams above don’t tell, if a certain student feels both large cognitive load but 
simultaneously considers videos to be useful, for example. Therefore, a 2D bubble graph of the 
answers to cognitive load (x-axis) and usefulness (y-axis) is presented in Fig. 4. The bubble size 
represents the number of students. The graph area can be divided to quarters: the upper right corner 
has both light cognitive load and feeling of usefulness. The students in this quarter feel the studying to 
be meaningful and stress-free studies go fine. Therefore, this quarter is here named “fun”.  
On the lower right corner, the studies are light but there is no sense of usefulness. Therefore, the 
students might get bored. If a student is feeling hard cognitive load and uselessness of the materials 
at the same time, the studying must be rather annoying. This is the case in lower left quarter. The 
materials can be considered useful, but they still can burden the students. This quarter is here named 
as “tough”.  
The bubble graph clearly shows that the vast majority of students are feeling sufficient or light 
cognitive load and yet consider the materials and studies to be meaningful. Sadly, there are two 
students in the “annoying” quarter and altogether five students who consider the video materials to be 
useless. It would be interesting to collect written feedback why they feel that way. 

 
Figure 4: Cognitive load and usefulness of videos 

Fig. 5 shows the students’ experiences about cognitive load on x-axis and the number of videos on y-
axis. The bubble size represents the number of students. Again, most of the students feel comfortable 
with the cognitive load and number of videos. Quite many students (40% of the answers) actually 
reported that they could have used some or much more videos.  

 
Figure 5: Cognitive load and amount of videos 
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5.2 Students’ learning activity 
During this study, Moodle log data was recorded in two Geometry and Vector Algebra courses (groups 
A and B). These courses included automatically assessed online exercises and short educational 
video clips. With the log data, it was explored students’ learning activity in these two similar courses 
with almost same materials, but with different assignment timings. The emphasis of assessment was 
continuous for the group A and more traditional, emphasis on final exam, for the group B. 

Both groups had three online exercises (abbreviation E1, E2 and E3) but with the different timings 
(see Table 1). Group A had three separate deadlines for all online exercises, whereas the timings of 
E2 and E3 were same for group B. The teachers had produced the online exercises with different 
techniques. On that account, Moodle recorded more log events per question for the students of group 
B. The Fig. 6 and 7 present students’ daily activity (the total amounts of log events). 

 
Figure 6: Activity of group A 

 
Figure 7: Activity of group B 

The Fig. 6 and 7 clearly show that deadlines guide the students’ activity. By comparing the Fig. 6 and 
7, students’ activity is more evenly distributed when there exist clear deadlines for assignments. 
According to these figures, the most of the students are studying nearby the deadlines. Especially this 
can be observed from Fig. 7, when continuous assessment was not utilized. 

The table 2 shows a total activity of making online exercises (E1, E2 and E3) for the groups A and B. 
The activity of making online exercises decreased significantly in group B. The reason for this might 
be the lack of deadlines. It would be interesting to collect written feedback why the students of group B 
were more passive than students of group A. 
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Table 2.  Activity of making online exercises 

  E1 E2 E3 
Group A 91 % 79 % 79 % 
Group B 100 % 58 % 50 % 

6 CONCLUSIONS 
This study concentrated on learning experience related to different e-materials. The study was carried 
out after 1st year electrical engineering students had participated quarter of first year’s studies at 
TAMK. As several courses included vast variety of e-learning materials, such as short videos and 
automatically assessed online exercises, the authors were a bit worried if the amount of simultaneous 
online assignments was already too much.  
Based on the online survey results, the cognitive load was not felt too high among the participants. In 
fact, according to the results, the amount of e-materials could have been even higher. Based on the 
results, students felt learning with short videos and computer assessed exercises useful. However, it 
appears that students found videos slightly more useful than computer assessed exercises. According 
to the students’ responses, four-fifths of the students found learning with the videos somewhat or very 
useful. 60% of respondents found learning with automatically assessed exercises somewhat or very 
useful. In addition, 60% of respondents preferred to learn with videos, whereas 40% preferred to learn 
with automatically assessed exercises. 

The results also indicated that assessment and deadlines strongly affect students’ studying activity. In 
fact, based on log files of Moodle LMS, the learning activity peaks appeared mostly before deadlines 
of assessments. Overall, the results strongly suggest that a teacher should consider utilizing 
educational technology, such as short videos and automatically assessed online exercises. Also, to 
help the students to share their workload more evenly, regular and continuous assessment should be 
considered instead of a massive final exam. 

REFERENCES  
[1] K. R. Green, T. Pinder-Grover and J. M. Millunchick, “Impact of screencast technology: 

Connecting the perception of usefulness and the reality of performance,” J. of Eng. Educ., 101, 
4, pp.717-737, 2012. 

[2] T. Pinder-Grover, K. Green and J.M. Millunchick, “The efficacy of screencasts to address the 
diverse academic needs of students in a large lecture course,” Adv. in Eng. Educ., 2, 3, 2011. 

[3] J. Tiili and S. Suhonen, "Analysis of analytics - videoclip watching activity in introductory 
physics," SEFI 2014, 42nd Annual Conference, Birmingham, UK, 2014. 

[4] H. Kinnari-Korpela, “Using Short Video Lectures to Enhance Mathematics Learning-
Experiences on Differential and Integral Calculus Course for Engineering Students”, Informatics 
in Education-An International Journal, (Vol14_1), pp. 69-83, 2015. 

[5] A. Rasila, M. Harjula and K. Zenger, “Automatic assessment of mathematics exercises: 
Experiences and future prospects.” In ReflekTori 2007, pp. 70-80, 2007. 

[6] A. Rasila, L. Havola, H. Majander and J. Malinen, “Automatic assessment in engineering 
mathematics: evaluation of the impact”, In ReflekTori 2010 Symposium of Engineering 
Education, pp. 37-45, 2010. 

1518




