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TELECOMMUNICATIONS SCIENCE 

Development of an IoT device using  
SigFox, ThingSpeak, and MATLAB/Simulink 

Takeshi Tanaka, Nobuharu Okamitsu,  
Takuma Hamada, Kenshi Nishino 

 
We installed a Sigfox antenna at Hiroshima Institute of Technology and acquired basic 

environmental data via the Sigfox network. The IoT device created by us comprises Sigfox, 
ThingSpeak, and MATLAB/Simulink, and this configuration may be in the reviews reported so far. 
Using the created IoT device, Sigfox acquires environmental data at 15-min intervals that can be 
operated at all times and processes it with ThingSpeak and MATLAB, enabling monitoring of the 
elderly who live alone. 

Keywords–IoT (Internet of Things), Sigfox, LPWA (Low Power Wide Area), 
MATLAB/Simulink, ThingSpeak). 

 

Introduction 
Against the backdrop of the evolution of internet 

technology and various sensor technologies, the 
internet of things (IoT) era has changed the way 
device (things) communicate with each other through 
the internet-home appliances, automobiles, buildings, 
and factories, are connected to the internet in addition 
to conventional internet-connected terminals such as 
personal computers and smartphones [1]. 

Looking at the trends in the number of IoT devices 
in the world, in 2017, communication devices (such as 
smartphones and handheld devices) were estimated to 
be the largest number of devices produced in the 
world. However, due to the complex nature of the IoT 
market, relatively low growth is expected in the future 
[1]. 

Going forward, IoT is expected to be predominant-
ly used in the automotive industry, especially with the 
introduction of autonomous vehicles, self-driving cars, 
etc. it will also be used predominantly in the field of 
medicine, delivering medical treatment, promoting the 
use of biochips, etc. The digital healthcare sector is 
expanding, and this is where IoT should be imple-
mented. Similarly, IoT is used for the development of 
smart factories and smart cities. IoT is expected to 
extend industrial applications (factories, Infrastruc-
ture, logistics) and other applications of IoT are pre-
dicted [1] (see Fig. 1 and Fig. 2). 

 
Fig. 1. Trend and forecast of the number of  

IoT devices in the world [1]. 

 
Fig. 2. Number of IoT devices and growth rate (2017–2020) 

forecast by field and industry [1]. 
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IoT is expected to proffer solutions to various 
communication demands. 

For example, high-speed connectivity is required 
for applications that require high-definition video (for 
example, remote surgery), and large storage capacity 
is required for applications that collect information 
from multiple IoT terminals such as environmental 
monitoring systems and smart meters. In addition to 
the above-mentioned mobile phone network, there are 
other communication networks, examples of 
communication networks: satellite communication 
capable of covering a wide area, and wireless 
communication technologies capable of allowing 
ultra-high-speed networking within a short distance. 
Depending on the application, it is necessary to use 
the appropriate communication network. Especially in 
industrial applications such as communication 
applications and technologies where the bandwidth of 
communication is limited per device or line but a large 
number of connections, such as sensors and embedded 
devices, need network connections. Sensors need a 
durable communication network (for the transmission 
of information) that is power-efficient and low-cost 
[2]. 

The concept called Low Power Wide Area 
(LPWA) is currently being developed and specifically 
provided for these requirements. The LPWA commu-
nication speed is about 200 Kbps, which is slower 
than the traditional mobile network, but it can be 
operational for decades or more because it is energy 
efficient. Its range can cover up to tens of kilometers 
(km)—it has a wide area that allows communication 
between devices. In France, along with some other 
countries, Sigfox has already established LPWA 
networks throughout the country. Also, the 
introduction of LPWA based on the LoRa (Long 
Range) standard has begun in the United States [2]. 

In light of this, we have installed a Sigfox antenna 
and achieved the acquisition of water meter data with 
an IoT device through the Sigfox network, and we 
have developed a basic Sigfox education system using 
that IoT device developed in [3,4]. 

In this study, we present a rudimentary IoT device 
that uses Sigfox and a versatile sensor, that is, 
temperature, humidity, pressure, etc. to obtain 
environmental data, referring to the review papers 
[5,6]. The data are sent to ThinSpeak where the data is 
processed using the MATLAB/Simulink that is 
embedded in ThinkSpeak and publishes the result on 
ThinkSpeak’s HomePage. Furthermore, we introduced 
this device into an elderly, single-person’s home, and 
conducted a study based on the data obtained from the 
home’s environment. 

Installation of Sigfox antenna in Hiroshima 
Institute of Technology 

To carry out LPWA-related research, on August 
14, 2017, we installed a Sigfox antenna at Hiroshima 
Institute of Technology and created an environment 
where the Sigfox network can be used on campus. 
(See Fig. 3) 
 

 
Fig. 3. Water tower photo (The Sigfox antenna can be seen 

at the right end of the water tower). 

Furthermore, we processed data using 
MATLAB/Simulink (our university has a 
MATLAB/Simulink license). 

First, we created an IoT device that uses Sigfox as 
the service provider; the received data is sent to 
ThinkSpeak where the data is processed using 
MATLAB/Simulink embedded in ThinkSpeak. The 
results were displayed through the ThinkSpeak 
homepage or a smartphone. In the future, we hope to 
use IoT technology to build an education system that 
can be used for practical training using actual lectures 
and teaching materials, and we aim to use it at higher 
education institutions nationwide (For reference, the 
usable range of Sigfox is shown in Fig. 4.) 
 

 
Fig. 4. Sigfox coverage in Japan. 

 

36 “Е+Е”, vol. 55, 3-4, 2020



 

 

Fabrication of IoT device with Sigfox 
I created an IoT device by inserting a Sigfox shield 

for Arduino V2S with versatile sensors for 
temperature, humidity, and pressure into Arduino Uno 
Rev3 (see Figures 5 and 6). 

 
Fig. 5. Photograph of Arduino Uno [7]. 

 

 
Fig. 6. Photograph of UnaShield V2S [8]. 

 
The BOSCH BME-280 is the sensor of the IoT 

device. 
The sensor specifications [9]: 
 Operating temperature range: −40 to + 85 °C 

(rated) 
 Humidity: 0 to 100% (relative humidity) 
 Atmospheric pressure: 300 to 1100 hPa 
 Temperature accuracy: ± 1 ℃ (0 to 65 ℃) 
 Humidity accuracy: ± 3% RH (25 ℃, absolute 

accuracy tolerance) 
 Atmospheric pressure accuracy: ± 1.0 hPa  

(0 to 65 ℃, absolute accuracy) 
The motion sensor in the IoT device is a 

pyroelectric infrared sensor (see Fig. 7). 
 

 
Fig. 7. Photograph of pyroelectric  

infrared sensor module [10]. 

The illumination sensor used in the IoT device is 
Cadmium sulfide (CdS) cell (see Fig. 8). 

 

 
Fig. 8. Photograph of CdS (Cadmium sulfide cell) [11]. 

Figure 9 shows the hardware of an IoT device that 
includes the sensors described above that can measure 
temperature, humidity, pressure, motion, and 
illuminance, and uses Sigfox for communication. 

 

 
Fig. 9. IoT device using Sigfox network with temperature, 

humidity, pressure, motion, and illumination sensors. 
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Next, Arduino Uno Rev3 software was installed 
using Arduino IDE sketch. 

 
Fig. 10. Sample Arduino code used in this research. 

Data processing using ThingSpeak, MATLAB/ 
Simulink 

 
Fig. 11. Overview of IoT devices, ThingSpeak, 

MATLAB/Simulink [12]. 

ThingSpeak is a web-based IoT analytics software 
that allows you to compile, visualize, and analyze live 
cloud data sources. You can send data to ThingSpeak 
from your devices, create instant live data 
visualizations, and send notification using web 
services like Twitter and Twilio. With MATLAB 
analytics inside ThingSpeak, you can write and 
execute MATLAB code to perform preprocessing, 
visualizations, and analyses. ThingSpeak enables 
engineers and scientists to prototype and build IoT 
systems without setting up servers or developing web 
software [12]. 

Application to elderly single-person’s home 
The developed IoT device was installed in a house 

where an elderly single-person lives, and basic 
environmental data of the house was acquired. 

Data obtained using the IoT device (April 27, 
2020) are shown for temperature (Fig. 12), humidity 
(Fig. 13), pressure (Fig. 14), operation (Fig. 15), and 
illuminance (Fig. 16). 

 
 

Fig. 12. Temperature in a room of elderly  
single-person home. 

 
Fig. 13. Humidity in the room of elderly single-person 

home. 

 
Fig. 14 Atmospheric pressure in the room of  

elderly single-person home. 

 
Fig. 15. The value of the motion sensor in the room of 

elderly single-person home (Absent under 25). 
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The sunrise and sunset hours in Hiroshima, Japan, 
on April 27, 2020, are 5:25 and 18:52, respectively 
[13]. Fig. 16 shows that the illuminance is peak is at 
sunrise and there little or no illuminance at sunset. 

Figure 17 exemplified the data after16:00 in Figure 
16 in order to expiate the environment condition of the 
elderly living alone, who stayed home in the evening 
and late at night. 

 

 
 

Fig. 16. Illuminance (a.u.) in the room of elderly single-
person home. 

 

 
Fig. 17. Illuminance (a.u.) in the room of elderly single-

person home. 

Using the Sigfox network, we obtained stable 
environmental conditions such as temperature, 
humidity, atmospheric pressure, motion sensor, and 
illuminance every 15 minutes. 

The above (IoT) system is applied to the 
monitoring of the elderly single-person’s home. 

The house's state of illumination is from sunset 
until midnight, that is, the light bulb in the house is 
turned on and off (the flat part of the illuminance 
around 20 o'clock in Fig. 16 and the illuminance 
around 24 o'clock is 0). It was confirmed that the 
elderly lived by observation of the above. 

Conclusion 
An IoT device using Sigfox is developed, data sent 

from the device is received by ThingSpeak, 
computation is performed with MATLAB/Simulink, 
and the result is displayed by ThingSpeak. 

It has been explained that the basic data trend can 
be obtained by installing this device in a house where 
the elderly stay alone and acquire data such as 
temperature, humidity, pressure, movement, and 
illuminance at intervals of approximately 15 minutes. 
Also, in this regard, we are building a consistent 
system from materials and electronic devices to 
circuits, communications, data processing, and web 
display. In the future, we would like to utilize the 
above system as an educational system and 
collaborate with industry, universities, and high 
schools in Japan and overseas. It has been shown to be 
possible to evaluate and analyze environmental data 
accumulated in ThingSpeak by using machine 
learning, deep learning, and artificial intelligence. We 
plan to use this developed IoT system as an 
educational system. 
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Electroencephalography for TV  
advertisement decomposition 

Georgi Tsenov , Stilyan Georgiev,  
Stanimir Andonov, Valeri Mladenov 

 
With the introduction of mobile devices with easy to access high processing power, in the late 

years is possible to perform analysis of bio signals in real time at any place. Such is the case for 
electroencephalographic signals (EEG) that can be measured from the human skull. With EEG data, 
we can have a representation of some aspects of the human brain activity. Lately there is the 
possibility to measure EEG data with wireless and easy to operate EEG headsets that provides 
opportunities for fast and mass measurements. With detection of certain informative features that are 
user independent, we can perform simple classifications process and apply the measured brainwaves 
in variety of applications. In this paper, we present the application of EEG brainwaves for recognition 
of the degree of attention that is applicable for evaluation of media content from variety of recipients 
and we present the informative features that we use, calculated from EEG measurements. 

Keywords –electroencephalography, signal processing, statistics, bio signal classification 

Компонентно разлагане на телевизионно рекламно съдържание с използване на 
електроенцефалография (Георги Ценов, Стилян Георгиев, Станимир Андонов, Валери 
Младенов). С навлизането в бита през последните години на мобилни устройства с висока 
изчислителна способност стана възможен анализа на биологични сигнали в реално време и на 
всяко място. Подобен е и случаят с електроенцефалографските (ЕЕГ) сигнали, които могат 
да бъдат измерени от главата на човек. С ЕЕГ данните ние можем да имаме 
представителност за мозъчната активност. През последните години се появи възможноста 
за запис на ЕЕГ данни с използване на безжични шапки с електроди предоставящи 
възможност за бързи и лесни измервания на мозъчната активност. С възможноста да се 
откриват определени информативни признаци, които не зависят от това от кой потребител 
са снети, става възможно да се прилагат различни класификатори на мозъчните вълни с 
множество приложения. В тази публикация представяме приложението на ЕЕГ вълните за 
разпознаване и оценка степента на внимание при медиѝно съдържание получено от тестова 
група и представяме използваните информативните признаци получени от измерените данни.  

 

Introduction 
In this paper is presented a method for estimation 

of attention spots in media content by using 
electroencephalography (EEG) biosignal electrode 
measurements from human scalp. EEG signal 
detection is done with usage of electrodes, which are 
placed on the scalp in order to detect electrical activity 
in the human brain. The neural cells in the human 
brain communicate by electrical impulses at all 
instances of time, even when we sleep. This activity is 
monitored in form of brainwaves. EEG signals can be 
separated into several waveband classes based 
frequency range [1], [2]. 

There is an all growing need to evaluate the 
created content that is going to be send to the public, 

due to probability that the source material can be 
found offensive to some groups. Also, the initial 
material is better to be evaluated preliminary with 
storyboards and then to be shot on film. With focus 
group estimation of the media content with 
Neuromarketing that uses EEG data, we can 
synchronize second to second averaged data from 
EEG recording sessions to have generalized 
conclusions on given content material. There is a need 
to screen the content to test users at least 10 times, 
because single digit screenings can introduce random 
errors from distractions that can be filtered out with 
more screenings. From the averaged data, we can 
apply a simple classifier that uses alpha and theta 
activity min/max ranges. 
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Electroencephalography and signal processing 
The International so-called 10-20 system is usually 

employed to record the spontaneous EEG [3]. In this 
system, the electrodes are located on the surface of the 
scalp as shown in Fig. 1. The electrode placement 
positions are determined by dividing the skull into 
perimeters by connecting few reference points on 
human head. From these points, the skull perimeters 
are measured in the transverse and median planes. 
Electrode locations are determined by dividing these 
perimeters into 10% and 20% intervals. The “Emotiv 
EPOC” is an EEG Headset with 14 channels of EEG 
data that we use. 

This brain activity is monitored in form of 
brainwaves. EEG signals can be separated into several 
waveband classes based frequency range [1], [2]: 

α activity: electromagnetic waves ranging between 
8 and 13 Hz in frequency, and between 30 and 50 μV. 
This brainwave type is useful to trace mental effort 
because of its higher amplitude. 

β activity: electromagnetic waves ranging between 
14 and 30 Hz in frequency, and between 5 and 20 μV 
in amplitude. Beta waves can be measured from 
frontal and central regions of the brain. The central 
beta wave can be blocked by motor activity and 
operation of the planning to make a move. 

θ activity: electromagnetic waves ranging between 
4 and 8 Hz in frequency, with an amplitude of less 
than 30μV. Theta waves are associated with access to 
unconscious materials, creative thinking and deep 
meditation. Furthermore, there is a link between 
emotions such as disappointment and frustration. 

δ activity: electromagnetic waves ranging between 
0.5 and 3 Hz in frequency, and between 100 and 200 
μV. 

γ activity: electromagnetic waves ranging between 
31 and 50 Hz in frequency, and between 5 and 10 μV. 
They are used to detect high cognitive activities and 
give some clues about mental diseases. 

 

  
Fig. 1. The EEG 10-20 system of electrode placement. 

EEG and relevant feature extraction 
The relevant features observed from researchers 

that are related to attention and concentration are EEG 

Theta and EEG Alpha. 
EEG Theta: The theta frequency domain in the 

human EEG is originally defined as 4-7 [Hz] (Walter 
& Dovey, 1944) simply to denote the intermediate 
frequency domain between delta and alpha rhythms. 
The term "theta" has been given with reference to the 
"thalamus," where this rhythm was thought to arise. 
Later theta frequency domain was defined in the range 
of 4-7.5 Hz (IFSECN, 1974). Number of studies 
reported that the power spectrum in the theta 
frequency range is increased in verbal and spatial 
cognitive tasks (Burgess, 2000; Gevins, 1997; Krause, 
2000). Theta activity change is also observed in 
various types of learning related tasks including 
recognition (Raghavachari et al., 2001) and 
subsequent naming (Sederberg et al., 2003; Weiss and 
Rappelsberger, 2000; Weiss and Muller, 2000). The 
theta activity is growing in tasks related to visual 
space navigation (Kahana et al., 1999, Caplan et al., 
2001, de Arau'jo et al., 2002). 

A relationship between theta frequency band and 
the memory is reported (Jensen 2002, Klimesch 1996, 
Klimesch 2001, Raghavachari 2001, Rizzuto 2003, 
Schack 2002, Tesche 2000). 

The activity in theta frequency range, which has a 
frontal topography on the scalp can be distinguished 
from other types of theta activity. The term Fronto-
Medial (FM) Theta (Ishihara and Yoshi, 1972) is 
defined as a distinct frontal theta rhythm of 6-7 [Hz] 
with amplitude of 30-60 [μV], continuing seconds 
during a mental task, such as arithmetic involving 
simple addition or subtraction. 

If the subject performs a task known to cause 
activation of the frontal theta, and this is confirmed by 
visual analysis, after proper signal processing a peak 
of about 5-7 [Hz] in front- electrode electrodes is 
observed (Harmony et al. 1999, Pellouchoud et al., 
1999). However, it should be noted that the opposite is 
not necessarily valid. 

von Stein, (2000) suggests that synchronization in 
the theta frequency range in wide brain areas reflects 
the process in which “higher” functions, such as 
conscious attention and strategy development, 
organizes the “lower” functions related to perception 
and coding. 

Gevins and Smith (1999) distinguished between 
the specific frontal theta, which depends on the 
requirements of the tasks assigned, and the diffuse 
theta associated with fatigue and malaise. 

In neuromarketing studies, the theta band activity 
elicited during the observation of the TV commercials 
that were remembered is higher and localized in the 
left frontal brain areas when compared to the activity 
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elicited during the vision of the TV commercials that 
were forgotten. Same increase in the theta activity 
occurred during the observation of commercials that 
are judged as pleasant when compared with the other 
(Vecchiato et. al. 2010). EEG correlates of 
commercials memorability across a number of studies, 
demonstrated that subsequently recalled TV 
commercials are characterized by power increases in 
the fronto-central theta (~4–8 Hz) (Shestyuk et. al.). 

 

 
Fig. 2. Averaged Alpha and Theta EEG activity obtained 

from 10 users with 10 content screenings. 

EEG alpha: The EEG alpha activity is 
characterized by frequencies between 8 and 12.5 [Hz] 
(IFSECN 1974). It is best expressed in parietal and 
occipital scalp areas. The alpha activity is clearly 
manifested in the back of the head, namely the 
occipital, parietal and posterior temporal zones, and is 
blocked by eye opening, afferent stimulation, or 
mental activity. The degree of reactivity varies. Alpha 
activity amplitude can be blocked, suppressed, or 
weakened. Suppression of alpha activity is more 
pronounced when opening eyes compared to auditory 
and tactile stimulation or mental activity. The 
suppression of mental effort is proportional to the 
subjective difficulty of performing the task, but also to 
the motivation for successful task completion. 

The EEG alpha activity is the classic correlate of 
calm wakefulness with closed eyes. The states of 
increased agitation reduce or suppress the alpha 
rhythm, which is shifted by higher frequency and 
lower amplitude activity. There is a connection 
between alpha rhythm and some psychological 
personality traits. Such a link is suggested by Lemere 
(1936), which binds the well-expressed alpha rhythm 
to the cyclothymic temperament, and the poorly 
expressed alpha rhythm with the schizometic 
temperament. Saul et al. (1937) find a well-expressed 
alpha rhythm in people with passive and subordinate 
behavior and low alpha in people with constant urge 
to action. The latter was not confirmed by Lindsley 
(1938). People with a higher level of anxiety and 

stress show a better suppression (Marczynski 1981). 
By analyzing the power spectrum, Gasser et al. (1983) 
find a correlation between alpha rhythm and other 
EEG characteristics and intelligence. People whose 
alpha frequency is higher by about 1 [Hz] have a 
better speed of re-calling. Steriade 1990 shows that 
cortico-cortical and cortico-thalamic systems interact 
in the generation of alpha rhythm. There are studies 
that correlate regional glucose metabolism and blood 
flow measured by positron emission tomography 
(PET) and EEG power spectrum (Buchsbaum et al., 
1984; Danos et al., 2001; Larson et al., 1998; Leuchter 
et al., 1999; Lindgren et al., 1999; Sadato et al., 1998). 
The Groups of Danos et al., (2001), Buchsbaum et al. 
(1984), and Sadato et al. (1998) reported a dominant 
negative correlation between the level of alpha 
activity and metabolism in the occipital cortex. Later 
studies also confirm this dependence by finding that 
alpha activity localized in the middle parietal and 
occipital zones also correlates negatively with the 
Blood oxygenation level dependent effect in these 
areas (Meltzer et al., 2007). There is a positive but 
poorly expressed correlation of metabolism 
(Buchsbaum et al., 1984) and blood flow (Sadato et 
al., 1998) with alpha activity in the motor cortex, a 
region that is not typically generating alpha rhythm 
when not is active (Jasper and Penfield, 1949). In the 
study of Larson (1998), no positive correlation 
between metabolism and alpha activity was found. 
Negative correlation of metabolism in thalamus and 
alpha activity was found. Lindgren et al. (1999), 
which only investigate the thalamus, also find only a 
negative correlation with alpha activity. This is 
inconsistent with the results of Danos et al (2001), 
which reported a positive correlation between alpha 
and thalamus. Other two groups did not detect a 
correlation between thalamus activity and alpha 
activity level (Buchsbaum et al 1984; Sadato et al., 
1998). Thus PET surveys give us an incomplete 
picture. The cumulative trend indicates the existence 
of a negative correlation between the level of alpha 
activity and the metabolism in the occipital cortex. 

A connection is also sought between the power 
spectrum in the EEG alpha frequency range and the 
brain activity determined by functional nuclear 
magnetic resonance imaging (FNMR). This approach 
is of particular interest because it can confirm the 
perception of the presence of local alpha activity 
generators in the thalamus. Neither the study of 
Goldman et al. (2002), nor other studies strongly 
confirm the role of thalamic nuclei in the generation 
of alpha activity. 

The activity in the alpha-frequency range is related 
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to the working memory (Gevins 1997, Jensen 2002, 
Klimesch 1997, Rizzuto 2003). A positive relationship 
between memory capabilities and the power spectrum 
of alpha2 activity, a negative correlation between 
memory and the level of alpha1 (8.0~10.0 Hz) and 
theta activities (Klimesch, 2000) was reported. The 
authors explain that alpha2 (10.5~13.0 Hz) reflects the 
ability to semantic memory, whereas alpha1 and theta 
frequency ranges are related to the encoding of new 
information. 

Rothschild et al. (1989) demonstrated the 
correlation between EEG alpha waves and individual 
scenes or messages in the commercial. The successful 
memorization of a scene from the commercial 
correlated with alpha suppression. A comprehensive 
analysis of alpha activity in the context of attention 
and memory was made by Klimesh 2012. 

Experimental results and hardware setup 
For the EEG hardware we used the Emotiv Epoc+ 

EEG Headset. The headset is with 14 channels for 
EEG data send via Bluetooth interface wirelessly to 
PC. Summarizing the EEG alpha activity can be 
accepted as marker for attention and the theta EEG 
activity can be accepted as marker for memory. The 
reduction the EEG alpha activity for a given time 
window in the course of TV commercial may indicate 
a moment of increased attention attraction to external 
stimuli. Respectively, the time moments in TV 
commercials where the EEG FM theta activity 
increases may be perceived as moments that will be 
memorized better. 

TV commercials represents a mix of stimuli 
coming mainly from two modalities - visual and 
auditory. Through it, the nervous system is influenced 
both - the purely physical parameters of the stimuli 
and the cognitive and emotional load as well as the 
context. 

It is important to find how the attention is 
distributed during the advertising itself. It is also 
necessary to assess whether the attention is attracted 
to pure physical stimulus features or there was 
additional cognitive load. 

In order to check this on the commercial, it is 
convenient to use the event synchronous 
synchronization - two-band dissociation - theta and 
alpha.  

The EEG activity recordings were performed in 
Emotiv EEG headset in a mode, in which only the 
already calculated spectral power in theta and alpha 
frequency bands is transmitted. For analysis, only the 
theta activation derived from frontal electrode 
positions was used. For alpha quantification, the EEG 

record was used only from the parietal electrode 
positions. All other electrode positions and band 
activities where not analyzed. 

        

 
Fig. 3. EEG recording experimental setup. 

A focus group of volunteers test subjects was used 
for experiments. The volunteers were instructed to 
look on the TV commercial without having to strive to 
specifically evaluate, analyze, or respond to 
advertising messages, also to avoid unnecessary 
movements and grimaces. The study is completely 
safe to the participants. The obtained results are from 
6 volunteers, with 10 repetitions of every type of the 
analyzed TV content. Our novelty is that other authors 
used separately Alpha and Theta activity information 
and we are using them both separately and combined. 

 

 
Fig. 4. EEG measurements recording experimental setups 

used on volunteers while watching TV content. 

On Figure 5 is represented the averaged alpha EEG 
spectral power activity for every second in the course 
of the TV commercial. Each bar in the graph 
represents the average alpha activity in the given 
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second from the commercial. The alpha activity was 
blocked at most within the 23 second, suggesting that 
at the beginning of 23th second there was a stimulus 
or combination of stimuli that attracted the attention 
of viewers the most. Blocking of alpha activity also 
takes place in the time period between the 7th - 8th 
second of the clip. 

 
Fig. 5. EEG alpha activity in the course of TV commercial. 

 

Fig. 6. EEG theta activity in the course of TV commercial. 

 
Fig. 7. Ratio of theta/ alpha EEG activity  

in the course of TV commercial. 

Figure 6 represent the averaged theta EEG spectral 
power activity for every second in the course of the 
TV commercial. Each bar in the graph represents the 
average theta activity in the corresponding second 
from the commercial clip. The theta spectral power 
was the highest in 6 second, suggesting that the 
stimuli or stimuli superposition, which appear in the 6 
second, will be remembered best. Of particular 

interest are moments that draw attention, on the one 
hand, but on the other hand they will be best 
remembered. These moments are bound to the places, 
where the ratio of theta vs alpha is highest, i.e. the 
places where the theta activity was relatively greatest 
relative to alpha activity. The results of the ratios are 
shown in Fig 7.  

The theta/alpha ratio shows that the moments 
within the TV commercial, that draws the attention at 
most and in the same time will be remembered best 
are those in 7th and 23th second. 

 

Conclusion 
In this paper, we presented an approach for 

analysis of TV content with usage of focus group 
estimation of the media content with Neuromarketing 
with EEG data. The proposed approach makes 
generalized conclusions on given content material 
with proposed combination of Theta and Alpha EEG 
being used together, rather that only separately. 
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E-LEARNING 

A study of the efficiency as a usability characteristic 
 in E-learning environment 

Maria Todorova, Lilyana Koleva, Elena Koleva  
 

The world of technology is changing at an extremely fast pace. Covid-19 has given further impetus 
to modernization in education, and it seems unlikely that schools and universities will continue to 
function as they did before the pandemic. But what is the human cost of this global transformation? 
With the development of the information society, the human potential for perception, processing, and 
storage and transmission of information is facing new challenges. Usability is a way of thinking in which 
the user experience and the specific users are at the center. The term is applicable wherever there is an 
interaction of people with a product or service. The product or service is convenient and satisfying to 
use and allows users to perform the work for which it is intended (effectiveness) with a minimum of time, 
mental, financial, and other resources (efficiency) and to be satisfied with the result or process 
(satisfaction). A study was conducted to assess subjective usability when working with ICT with an 
emphasis on the efficiency of such training. 

Keywords - e-learning, efficiency, exploratory factor analysis, structural model. 

Проучване на ефективността като характеристика на използваемостта в среда за 
електронно обучение (Мария Тодорова, Лиляна Колева, Елена Колева). Светът на 
технологиите се променя с изключително бързи темпове. Covid-19 даде допълнителен тласък 
на модернизацията в образованието и изглежда малко вероятно учебните заведения да 
продължат да функционират така, както преди избухването на пандемията. Но каква е 
човешката цена на тази глобална трансформация? С развитието на информационното 
общество, човешкият потенциал за възприемане, обработка и съхранение и предаване на 
информация е поставен пред нови предизвикателства. Използваемостта е начин на мислене, 
при който отправна точка са потребителското изживяване и конкретните потребители. 
Понятието е приложимо навсякъде, където има взаимодействие на човек с продукт или услуга. 
Използваемият продукт или услуга е лесен, удобен, удовлетворяващ и позволява на 
потребителите да извършат работата, за която е предназначен (ефективност) с минимум 
разход на време, психични, финансови и др. ресурси (ефикасност) и да са доволни от резултата 
или процеса (удовлетвореност). 

Ключови думи - електронно обучение, ефикасност, проучвателен факторен анализ, 
структурен модел. 

 

Introduction 
According to the international standard ISO 9241-

11 [1], usability is "the degree (of convenience) with 
which the product can be used to achieve set goals with 
the necessary efficiency, effectiveness, and satisfaction 
in certain conditions (in a certain context of use)". The 
relative importance of the three different aspects of 
usability is determined by the context itself. Some of 
the measurements are related to the results of the use of 

the product such as quality and quantity (effectiveness). 
Resources spent during the work and in connection 
with the results (efficiency) are also taken into account. 
Human well-being is a value in itself, and the MUSiC 
project clarifies this: "if good results can be achieved at 
the cost of a lot of effort, the product or system is 
unusable." [2]. The subjective perception of the 
interaction of the consumer (satisfaction) is also 
measured. This broad definition of usability is 
synonymous with "quality in use" [3], i.e., a higher 
level of quality, which includes not only the product 
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meeting its specifications but also working well and 
being useful in the real world, in a certain environment 
or context. 

The effectiveness of e-learning is assessed by the 
degree of implementation of the main learning 
activities (teaching, learning, assessment). 

The efficiency of e-learning takes into account the 
efforts made to achieve the goals: such as reducing the 
time and material costs for search and assessment of 
information materials, better opportunities for 
consultation with teachers, good communication with 
colleagues, reducing stress and mental strain in 
preparing for exams, as well as better presentation and 
elaboration of educational and scientific tasks. 

Efficiency also includes building personal 
educational pathways, the ability to individually plan 
learning activities, easy access to online courses and 
educational materials, interaction in forums, chat, 
enhanced communication between students. Easy 
orientation and navigation must be ensured, as well as 
an ergonomic organization of the information from the 
display. This is directly related to the quality of the 
interface of the software products, which are subject to 
continuous improvement. 

The efficiency of e-learning is assessed by saving 
resources in material (financial, time) and nonmaterial 
terms (psychological, health, social), reducing mental 
stress, as well as increasing learning outcomes. 

Satisfaction with e-learning reflects the attitude of 
students to the overall process of e-learning experience, 
expressed in the feeling of comfort or discomfort in 
physical, mental, and social aspects. 

The integration of electronic technologies in 
education is the basis for their creative use in the 
direction of learning through interesting content with 
voice, graphics, and video files; learning controlled by 
learners, enhanced communication opportunities, and 
active participation. 

Satisfaction with the use of electronic technologies 
in education is assessed by the degree of their 
acceptance by students in the aspects: real progress in 
education; development of competencies and solving 
creative tasks and perspectives for professional 
realization and competitiveness. 

A study of usability according to these criteria has 
been done in our previous work [4]. In the present 
investigation, the emphasis is on the efficiency of e-
learning in an online electronic environment where the 
educational process (90-100%) takes place. The types 
of usability are then considered, and the subjective 
usability which is truly user-oriented and is an 
important tool for measuring attitudes in a specific 
time-period is emphasized.  

By evaluation of this type of usability, actions can 
be taken on how to motivate people, on what additional 
recommendations, help and instructions they need (in 
case there is a big discrepancy between the opinion and 
the real characteristics of the system). Measuring this 
type of usability is especially useful when introducing 
a new system. 

 The methodology and structure of the research, 
discussion of the obtained results and the conclusions 
made at this stage follow. 

Types of usability 
Apart from technical usability when using ICT in 

education, pedagogical usability is also mentioned [5]. 
The pedagogical usability model proposed by Petri 
Nokelainen includes ten dimensions, which are 
summarized below: 1. Learner control, 2. Learner 
activities, 3. Opportunity for collaboration or joint 
learning activities, 4. Goal setting, 5. Applicability, 6. 
Added value, 7. Motivation, 8. Assessment of previous 
knowledge, 9. Flexibility, and 10. Feedback. 
Pedagogical usability is a relatively new field of 
research. It is usually considered in comparison with 
technical usability. Pedagogical usability aims to 
support the learning process. Indeed, when an 
electronic material is given a learning purpose, the 
usability characteristics take on a different meaning. 
Apart from the fact that the learner is a consumer he/she 
is also a learning consumer, with a certain learning 
goal, motivation, and a number of other characteristics 
[6]. 

In the field of distance and e-learning as well as in 
traditional learning "interaction is the defining feature 
of education" [7]. The learner-content, learner-
instructor, and learner-learner interactions are at the 
heart of e-learning. Each of these three interactions can 
and should be improved with the help of technology. E-
learning seeks to and must expand existing educational 
frameworks, not to replace them. 

The concept of usability is based on the older idea 
of friendliness towards man, which is directly related 
to the ease of operating a system or a product. M. 
Hertzum [8] is a researcher who outlines six types of 
usability: universal usability, situational usability, 
subjective or perceived usability, hedonistic usability, 
organizational usability, and cultural usability. The 
various viewpoints to usability provide an opportunity 
to understand the many aspects of using the system and 
thus gain a true understanding of usability. 

A true understanding of the usability of the system 
requires an in-depth assessment of the state of the 
system and the context of use. Universal usability, 
according to the author, is extremely challenging 
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because human abilities, experience, personal style, 
and values are diverse. Universal usability faces three 
challenges: huge variations in consumers, gaps in 
knowledge, variation in technology. 

Much more realistic is the so-called situational 
usability, which is enshrined in ISO 9241 and which is 
listed there again as "quality of use". Usability is not 
just an attribute of the technological system, but it 
covers the whole situation or context. This means that 
situational usability has or implies a socio-technical 
orientation. Situational usability even "opposes" 
universal usability. Correspondences or inconsistencies 
between people, tasks, tools, and the context are at the 
heart of situational usability. The context of use is also 
crucial to further develop and improve the systems or 
products. In essence, the context of use shapes people's 
thinking about what their tasks are and what tools are 
available and usable to accomplish those tasks. But the 
opposite is also true.  

Hedonistic usability, in turn, is not directly related 
to the performance of a task, but it satisfies some 
universal needs for novelty and change, aesthetic 
interest, beauty, engagement of attention and 
imagination [9]. Hedonistic usability is related to the 
satisfaction aspect included in ISO 9241 (1998) in the 
definition of situational usability. However, some 
authors note that the situational usability satisfaction 
aspect seems to be aimed at avoiding negative 
emotions, and there is a demand for positive emotions 
in hedonistic usability. This distinction is important 
because system characteristics that, if present, 
eliminate negative emotions are different from 
characteristics that, if present, lead to positive emotions 
[10]. Pleasant emotions affect usability ratings and 
acceptance, and continued use. Emotions are essential 
to human life; pleasant emotions should be sought not 
only during free time, as we are accustomed to 
perceiving them, but also during work, which would 
lead to a higher quality of working life, aestheticization 
and, humanization of the work environment. 

Organizational usability is another aspect of 
usability according to the author and is defined as "the 
compatibility between the computer system and the 
structure and practices of the organization so that the 
system can be effectively integrated into the working 
practices of the members of the organization". 
Organizational usability is sensitive to time dynamics. 
Organizational usability takes into account the 
structural and collaborative aspects of the work, 
including the fact that users may be differentially 
affected by the system and may or may not share the 
organization's objectives at the system level. 

Cultural usability examines whether work 
performed with a particular system is viewed 
differently by users from different cultural 
backgrounds. To assess usability, it is also important to 
take into account possible cultural differences of users, 
e.g., how instructions and tasks are perceived. 

Subjective or perceived usability is expressed as the 
assessment of the system by the end-user. The 
significance of this subjective experience extends far, 
because the impression of the usability of the system by 
the end-user is a very strong indicator of the frequency 
of use and even whether a system will be used at all, 
the way of performing tasks (reluctance, monotony, 
pain, etc.), and ways to interact with the system. 
Subjective usability makes the individual user the final 
arbiter of usability, and therefore the assessment of the 
user's subjective experience with the system stands 
above the assessment of the performance or actual 
performance of the tasks.  

It is believed that certain ways of working (habits) 
have a strong influence on subjective usability and that 
uncertainty in the introduction of new ways of working 
can be avoided by examining attitudes and by 
providing subsequent additional training or 
recommendations so that users feel closer to the system 
or new ways of working. 

Methodology 
The Covid-19 pandemic has taken over the world, 

changing everyday life and imposing a social distance, 
as a result of which universities have moved from on-
campus to online learning. This led to stress among 
students and teachers due to the sharp change in the 
middle of the summer semester of the 2019-2020 
academic year. 

After the period of transition, this study was 
conducted to determine the pros and cons of distance 
learning. The initial sample of this study consists of a 
total of 45 students from the University of Chemical 
Technology and Metallurgy (UCTM) who were 
interviewed during the summer semester of the 
academic 2019 - 2020. The survey consists of 22 
questions (Table 1) with which to measure the 
subjective usability and attitudes of users in distance 
learning in an electronic environment, with dominant 
online learning elements, using an electronic platform. 
The study of the usability of e-learning uses a 5-point 
Likert scale, where the answer "1" means "Strongly 
disagree", answer "2" means "Rather disagree", answer 
"3" means "I cannot judge”, answer “4” means “I rather 
agree” and answer “5” means “I strongly agree”. 
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Table 1 
Questionnaire 

№ Questions 

q1 
Conducting classes with the help of information and 
communication technologies (computer, multimedia, 
interactive whiteboard) facilitates the learning process. 

q2 Conducting an exam with the help of a computer is a 
convenience. 

q3 When conducting exercises, the use of ICT facilitates the 
learning process. 

q4 
The use of information and communication technologies in 
training activates my initiative, creativity, and independence in 
work. 

q5 When working with ICT, I receive adequate help from teachers. 
q6 Teachers encourage work with ICT. 

q7 Communication with teachers is facilitated thanks to the use of 
new technologies. 

q8 Working with ICT makes me more competitive. 

q9 The use of ICT for learning activities increases the time I spend 
in training and self-learning. 

q10 The use of ICT for learning activities allows the flexible 
distribution of time for training and self-learning. 

q11 Daily work with ICT increases the feeling of fatigue. 

q12 
When working with ICT for a long time, I observe the 
recommended pauses. (work - 30-45 minutes, rest - 10-15 
minutes). 

q13 I often have to overcome fatigue and continue my work in ICT. 

q14 
The university and library premises are suitable for ICT training 
(appropriate furniture, optimal location, comfortable chairs, 
etc.). 

q15 The hygiene in the classrooms is at the required level. 

q16 When working with a computer for a long time, I feel eye 
irritation, blinking, scratching, blurred vision. 

q17 Daily work with a computer leads to immobility and pain in the 
neck, shoulders, and back. 

q18 Prolonged use of the computer leads to frequent headaches. 

q19 Working with ICT is motivating and gives me great 
satisfaction. 

q20 Working with ICT gives me confidence that I am developing 
well professionally. 

q21 I feel satisfied with my work using ICT. 

q22 I feel that I am better evaluated by teachers when I work with 
ICT. 

Results and discussion 
The selected questionnaire consists of 22 questions 

aiming to investigate mainly the efficiency, together 
with effectiveness and satisfaction as usability 
characteristics in an e-learning environment. The 
Exploratory Factor Analysis (EFA) was subsequently 
applied to reduce and group the variables in the 
obtained database and to obtain the exact structural 
model of the performed survey.  

The rotated component matrix in Table 2 contains 
the loadings that have a magnitude greater than 0.4. The 
applied rotation method is the Varimax rotation with 
Kaiser Normalization. The presented loadings indicate 
the relative weight of each variable (item) in the factor.   
 
 
 

Table 2 
The rotated component matrix 

 Factor 
1 2 3 4 5 

q9 0.880         
q10 0.746         
q19 0.707         
q8 0.671         
q5 0.665   0.482 0.432   
q4 0.603   0.411     
q18   0.909       
q16   0.862       
q17   0.831       
q11   0.766       
q13   0.744       
q21     0.761     
q1     0.751     
q20     0.679     
q3     0.620   0.406
q22     0.618     
q6       0.803   
q7     0.509 0.669   
q14       0.643   
q2     0.425 -0.554 0.429
q15         0.798
q12         0.684
 
The obtained inquiry structure model involves 5 

factors. After considering the individual questions, the 
structure model was presented in Fig. 1. Usability is 
considered as composed of the following characteristic: 
Effectiveness, Efficiency, and Satisfaction. The main 
issue of this investigation was to make a detailed 
estimation of efficiency as a characteristic connected 
most closely with the individual efforts made to 
achieve the goals of e-learning. Three indicators were 
identified for the description of different aspects of the 
efficiency - Health and Safety of the students, Activity 
and Work Performance, and the influence of the 
Working Conditions. The questions connected with 
Factor 1were further subdivided into an investigation 
of the efficient use of time and self-control and 
investigation of the students’ work motivation. 
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Table 3 
The score correspondence table 

Evaluation Factor Strongly 
disagree 

Rather 
disagree I cannot judge I rather 

agree 
I strongly 

agree 

Coefficient 1, 3, 4, 5 0 0.25 0.50 0.75 1 
2 1 0.75 0.50 0.25 0 

 

 

 
Fig. 1. Structural model of the inquiry. 

 The reliability statistics for each factor defined by 
Cronbach's Alpha (its value should be greater than 0.5) 
were estimated as follows: 

• Factor 1 – 0.888 (6 items) 
• Factor 2 – 0.888 (5 items) 
• Factor 3 – 0.843 (5 items) 
• Factor 4 – 0.429 (4 items) 
• Factor 5 – 0.516 (2 items) 
Factor 1, which was named “Activity and work per-

formance” is divided into two categories: Time and 
self-control and Work Motivation. Questions 9 and 10 
concern the time spent in training and self-study, and 
its more flexible distribution. The opportunities for in-
dividual work with electronic technologies, at their 
own pace, give students the instrument to control the 
objective requirements of training activities and classes 
and their individual (subjective) capabilities to fulfill 
these requirements. Question 4 examines the opportu-
nities for independent work and creativity in the learn-
ing process. Work Motivation includes questions 5, 8, 
19, which question respectively students’ satisfaction 
with teachers’ feedback (Question 5), opportunities for 
professional development and competitiveness 
(Question 8), as well as strong overall satisfaction and 
motivation to work in an electronic environment 
(Question 20). All questions have a positive influence, 
meaning that the increase of the items’ value leads to 
an increase in the value of the factor. 

Factor 2 – these are questions that concern personal 
health and safety when working with computers and all 

kinds of video displays - fatigue at work, headache, 
neck pain, shoulders, eye problems. Good working 
conditions and occupational safety are a motivating 
factor, related primarily to the natural need of people in 
the work process to maintain their health and ability to 
work, as well as the need for job satisfaction. The point 
is to achieve good results from the activity, but not at 
the expense of health (physical and mental exhaustion), 
safety, or deprivation. That is why researchers have 
already been talking about "human-centered quality”, 
whose goals are identified in the standard ISO CD 
9241-220: 2019 Ergonomics of human-system 
interaction - Part 220: Processes for enabling, 
executing and assessing human-centered design within 
organizations [11]. 

As these questions examine the extent to which 
working in an electronic environment is detrimental to 
various health aspects, the higher the assessment, the 
more negative it is. Therefore, the increase in the value 
of the factor will lead to a decrease in the efficiency. 

Factor 3 - These issues concern the effectiveness of 
the use of e-learning. E-learning leads to high results in 
the learning process. Combining good teaching 
methodology in blended learning/online learning with 
attractive computer modeling and visualization 
opportunities provide conditions for more effective 
learning. The educational content, presented in an 
electronic form improves the illustration of the 
educational material and its perception. E-learning 
provides conditions for faster communication, high 
mobility, easy access to information of various kinds. 
However, more and more the requirements of modern 
learners and their satisfaction with the achieved results 
and learning process will shape the educational 
process, and not just the achievement of results. 

Factor 4 - This factor includes questions concerning 
satisfaction with the work performance of teachers, 
communication with them, conducting exams, and the 
suitability of classrooms for conducting intensive 
training in an electronic environment. Factor 4 is below 
0.5 value - it is connected with the indicator 
“Satisfaction”. Future investigations of this indicator 
should be carried out more precisely. 

Factor 5 - These are questions about safe and 
satisfying working conditions - hygiene at work and a 
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rational regime of work and rest to overcome the 
unfavorable factors leading to fatigue. Breaks when 
working with video displays are necessary for the 
normalization of the mental and physiological state of 
the person and they are an essential factor for 
maintaining good work performance. 

Each question can be evaluated on a five-point 
scale, and each answer is assigned a coefficient that is 
from 0 to 1. Table 3 presents the score correspondence 
with the possible answers. 

Table 4 shows the results of the processed 
questionnaires – the total scores, together with the 
fulfillment degree, given in percentages. 

Table 4 
The total scores and the fulfillment degrees 

Q: Strongly 
disagree 

Rather 
disagree 

I 
cannot 
judge 

I 
rather 
agree 

I 
strongly 

agree 

Fulfillment 
degree  

% 
q1 0 0.5 1.5 8.25 28 85 
q2 0 1 2 11.25 21 78.33 
q3 0 0.5 3 9 23 78.89 
q4 0 0.5 2.5 12 20 77.78 
q5 0 1.25 4 10.5 16 70.56 
q6 0 2 5.5 8.25 15 68.33 
q7 0 1 3.5 8.25 22 77.22 
q8 0 0.75 2.5 9 25 82.78 
q9 0 1.5 2.5 11.25 16 69.44 
q10 0 0.5 3 9.75 21 76.11 
q11 5 3.75 4.5 3.5 0 37.22 
q12 0 2.5 2 7.5 12 53.33 
q13 4 4.5 4 3.75 0 36.11 
q14 0 3.5 4 6.75 7 47.22 
q15 0 1.5 4.5 9.75 13 63.89 
q16 7 5.25 2 2.25 0 36.67 
q17 3 2.25 4.5 2.5 0 27.22 
q18 7 3 3.5 3.25 0 37.22 
q19 0 0.75 4 10.5 18 73.89 
q20 0 0.25 4.5 11.25 17 73.33 
q21 0 0.5 3.5 12 18 75.56 
q22 0 1.25 6.5 9 12 63.89 

 
The evaluations obtained based on the answers to 

the questions concerning the effectiveness are 
presented in Fig. 2. For all indicators, the set threshold 
of 75% is met, except for question 22, which actually 
concerns the effectiveness of the training assessed by 
the teachers. From the point of view of their experience, 
teachers evaluate the technology-assisted learning not 
as a process of passive consumption of content, but as 
a process based on activities conducted in an interactive 
environment and work situations and probably, they are 
more critical. 

The average satisfaction rating is close to the set 
percentage of 75%, but not sufficient (Fig. 3). The 
assessment of satisfaction of the users of the e-learning 
or the learners is an important signal for work in the 
direction of optimizing the e-learning according to the 

derived indicators. Obviously, more needs to be done 
in terms of teachers working with students (Question 6) 
and creating a better and healthier environment for 
working in an electronic environment inside and 
outside the university (Question 14). 

 
Fig.2. Assessments for the e-learning effectiveness. 

 

 
Fig.3. Assessments for the e-learning satisfaction. 

Fig. 4 shows the assessments for the e-learning 
efficiency. The questions are grouped according to the 
categories in which they fall. It can be seen that for 
Factor 2: Health and Safety (q11, q13, q16, q17, q18) 
the values are below 50%, which means that prolonged 
work in front of the computer leads to health 
deterioration. Factor 1.1: Time and self-control (q4, q9, 
q10) and Factor 1.2: Work motivation (q5, q8, q19) are 
around the set threshold, which is 75%, and Factor 5: 
Working Conditions (q12, q15) have crossed the 
neutral line of 50%, but there is room for improvement 
to achieve 75%. 

We identified and statistically analyzed the 
arithmetic mean values for the degrees of the 
fulfillment of the factors in the Efficiency category 
(Table 5), as well as the average values for the three 
sub-categories of Usability: Effectiveness, Efficiency, 
Satisfaction (Table 6). The graphical representation of 
the obtained results is shown in Fig. 5 and Fig. 6. 
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Fig.4. Assessments for the e-learning efficiency. 

Table 5 
Ergonomic assessments of the average fulfillment degrees 

of the factors in the category Efficiency 

Factor The average fulfilment degree 
scores, % 

1.1 74.443 
1.2 75.743 
2 34.888 
5 58.61 

Table 6 
Ergonomic assessments of the Usability of e-learning  

Factor The average fulfilment degree 
scores, % 

Effectiveness 75.334 
Efficiency 57.094 

Satisfaction 67.775 

 
Fig. 5. The average fulfilment degree scores [%] for the 

factors in the category Efficiency. 

Fig. 5 shows the average fulfillment degree scores 
of the category Efficiency. It can be seen that Factor 1.1 
and 1.2 are around the fulfillment line, which is set at 
75%. It can also be seen that Factor 2: Health and 
Safety, which reflects the health of students, after the 
start of distance learning has the value of 34.89% 
(Table 5), which means that back pain, wrist, head, and 
eye tension occur in most of the respondents and more 
breaks must be introduced to improve the general well-

being of students. At the same time, Factor 5 is just over 
65%, which means that the majority of students find the 
working conditions satisfactory, but there is still room 
for improvement to reach the set target of 75%. 

Fig. 6 shows the average assessments for the 
usability criteria. It shows that the effectiveness is 
slightly above the set target value of 75%, which means 
that there is still something to improve on this criterion, 
which can be seen in Fig. 2, but it is more necessary to 
emphasize the increase of the values of the indicators 
for the other two criteria. 

 
Fig. 6. Average assessments of the usability of e-learning 
according to the characteristics: effectiveness, efficiency, 

and satisfaction [%]. 

Conclusion 
Based on the performed exploratory factor analysis, 

five factors were determined (the first factor has 2 
subgroups), referring to the three criteria for usability, 
which are the most important in this study: 
- more flexible and independent use of time 

(efficiency); 
- strong internal motivation to work in an electronic 

environment related to support from teachers and 
opportunities for professional development 
(efficiency); 

- preserving the health and well-being of learners 
(efficiency); 

- requirements of modern students for effective 
training (effectiveness); 

- satisfaction with the teaching activity and the 
suitability of premises for intensive online training 
(satisfaction); 

- safe and satisfactory conditions and modes of work 
and rest (efficiency). 

The quality of an online course does not depend on 
what can be achieved by technology but how the 
technology itself can be used to adapt content, methods, 
and situations to the needs, level of preparation, and 
well-being of learners. The effectiveness of the work 
system is not an end in itself. Safe, healthy, and 
satisfactory work must be ensured for the user/trainee 
in carrying out a task, activity, or work. 
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Under the current conditions, not only the lecturer 
teaches, but also learners (and the lecturers) learn by 
themselves. Students not only learn the system of 
knowledge, skills, and habits but also develop their 
creative abilities. As we can see, the burden of work in 
educational institutions is gradually shifting from 
lecturers to learners, encouraging their initiative and 
autonomy. 

Regarding the studied criteria for the usability of e-
learning, we consider that the effectiveness of this 
training is undisputed when the relevant didactic 
requirements are applied. Satisfaction with e-learning 
with dominant online elements is also high. In terms of 
efficiency, which is the focus of our study, we find that 
our concerns are confirmed. As e-learning is blended at 
this stage and not entirely online as required during the 
pandemic, efficiency is not at the required level. There 
is much to be desired in terms of maintaining the health 
and well-being of each learner: Knowledge of 
regulations when working with video displays, 
observance of breaks, and hygiene of workspaces 
should be made a priority. 

The observance of standards and regulations for 
healthy and comfortable work in an electronic 
environment is a “must”. Knowledge and application 
of health standards and regulations for working with 
ICT prevent the occurrence of health problems when 
working with a computer. Consequently, there should 
be more user-friendly computers, software and 
comfortable working places, modern arrangement, and 
furniture as well as regimes of work and rest.  
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Cyberlearning and engineering education - survey 

Seferin Mirtchev 

 
The traditional educational research focuses primarily on students' test scores or obtaining 

credits, and the learning scientists often deals with knowledge, skills and competencies. The term 
"cyberlearning" reflects the growing interest in the management of technology interactions and 
education, especially with regard to the use of networking and information technologies. The 
cyberlearning is essentially a new stage in e-learning, in which the technological tools are used to 
actually implement and improve learning knowledge, which would otherwise be impossible without 
the technology itself. The various perspectives on cyberlearning and its purpose highlight the need for 
more information. The future educational systems are expected to transform from institutions with a 
strong emphasis on teaching to organizations with an increased emphasis on learning. In this survey 
article, it is attempted to systematize the information on the concept of cyberlearning and to show the 
challenges for cyberlearning, science training and engineering education. Some well-established tools 
for cyberlearning are presented, such as: Scratch, PhET (Physics Education Technology), Mobile 
Studio, TeachEngineering and ELASTIC3S cyberlearning platform. The development is indicated and 
statistics on European higher education are presented. The connection between technology, industry 
4.0 and engineering education is shown. Examples are given of building and promoting cyberlearning 
in the USA, Korea and China. 

Keywords – cyberlearning, learning science, engineering education, higher education, industry 4.0. 

Киберобучение и инженерно образование - обзор (Сеферин Мирчев). Традиционните 
образователни изследвания се фокусират предимно върху тестовите резултати на 
студентите или получаването на кредити, a науката обучение често се занимава със знания, 
умения и компетентности. Терминът "киберобучение" отразява нарастващия интерес към 
мениджмънта на взаимодействията на технологиите и образованието, особено по 
отношение на използването на мрежови и информационни технологии. Киберобучението по 
същество е нов етап в електронното обучение, при който технологичните инструменти се 
използват за действително осъществяване и подобряване на познанията за обучение, който в 
противен случай би бил невъзможен без самата технология. Различните гледни точки за 
киберобучението и неговата цел подчертават необходимостта от повече информация. 
Очаква се бъдещите образователни системи да се трансформират от институции със силен 
акцент върху преподаването към организации с повишен акцент върху обучението. В 
настоящата обзорна статия е направен опит да се систематизира информацията относно 
понятието киберобучение и да се покажат предизвикателствата пред киберобучението, пред 
науката обучение и пред инженерното образование. Представени са някои утвърдени 
средства за киберобучение като: Scratch, PhET (Технологии за обучение по физика), Mobile 
Studio, TeachEngineering и ELASTIC3S платформа за киберобучение. Посочено е развитието и 
са представени статистически данни за Европейското висше образование. Показана е 
връзката между технологиите, индустрия 4.0 и инженерното образование. Дадени са 
примери за изграждани и утвърждаване на киберобучението в САЩ, Корея и Китай. 

 
“We are currently preparing students for jobs that don't yet exist,  

using technologies that haven't been invented,  
in order to solve problems,  

we don't even know are problems yet.” 
Quote by Richard Riley [38] 
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Introduction 
The new and emerging technologies have the 

potential to expand and transform learning and 
educational opportunities and outcomes for learners 
and workers of all ages, making it possible to adapt to 
their interests, needs, prior knowledge and available 
resources. 

The term "cyberlearning" reflects a growing 
interest in managing the interactions of technology 
and education, especially with respect to the use of 
networking and information technologies.  

Most experts in the field emphasized the purpose 
of cyberlearning as a form of content delivery [24]. 

The technologies based on cloud computing, 
ultrafast networks and software defined networking 
will play a key role in the creation of both educational 
and industrial cyber-physical systems. 

The world is changing driven by combinations of: 
Artificial intelligence; Machine learning; Internet of 
Things; Robotics; and more. These new technologies 
are enabling instantaneous, dynamic interaction 
between humans and machines in unprecedented 
ways. This transformation will change the ways we 
produce goods, provide services, and collaborate with 
colleagues [28]. 

The technological development is the overall 
process of invention, innovation and diffusion of 
technology or processes. The cyberlearning is related 
to the development of the following technologies 
based on the cost of computing decreasing and the 
computer power increasing: Computers ubiquitous 
and networked (Internet of Things); Software 
platforms facilitating new services; Artificial 
Intelligence (AI) accelerating the impact of big data. 

In this article is presented a survey of the 
cyberlearning which create a comprehensive 
technology-based learning experience. 

What Is Cyberlearning? 
The cyberlearning is a term that has recently risen 

to prominence, and reflects an important shift in 
approaches to educational technology. The National 
Science Foundation Taskforce on Cyberlearning has 
defined cyberlearning as “…the use of networked 
computing and communications technologies to 
support learning” [24]. 

“The cyberlearning is the use of new technology to 
create effective new learning experiences that were 
never possible or practical before. The cyberlearning 
movement advances learning of important content by 
applying scientific insights about how people learn, 
leveraging emerging technologies, and designing 
transformative learning activities” [20]. 

“The cyberlearning is grounded in research and 
theories on how people learn, reflects deep content 
expertise, seriously involves practitioners in the 
design and research, and focuses on learning 
activities” [7]. 

The cyberlearning is “Interactions among 
communities of learners across space and time” [10]. 

The cyberlearning is “Customized interaction with 
diverse materials, on any topic, at any age” [10] 

Although the emphasis is clearly on networking 
technologies that define the information age (e.g. 
cloud computing and social media), the future 
technologies that mediate human interactions, which 
are at the heart of education, are crucial. 

The new technologies change what and how 
people learn (fig. 1). The cyberlearning is informed by 
learning science. The cyberlearning movement 
advances learning of the important content by [27]: 

• Applying scientific insights about how people 
learn; 

• Leveraging emerging technologies; 
• Designing transformative learning activities; 
• Engaging teachers and other practitioners; 
• Measuring deeper learning outcomes; 
• Emphasizing continuous improvement; 

 

 
Fig. 1. Connection between new technologies and 

learning [27]. 
In the past several years, deep learning has taken 

the world by surprise, driving rapid progress in fields 
as diverse as computer vision, natural language 
processing, automatic speech recognition, reinforce-
ment learning, and statistical modelling. With these 
advances in hand, It is possible now build cars that 
drive themselves with more autonomy than ever 
before, smart reply systems that automatically draft 
the most mundane emails, helping the people to cope 
with the large inboxes and software agents that 
dominate the world’s best humans at the board games. 
These tools exert ever-wider impacts on industry and 
society, changing the way movies are made, diseases 
are diagnosed, and playing a growing role in funda-
mental sciences - from astrophysics to biology [39].  

The cyberlearning is essentially development of 
the eLearning, where technology tools are used to 
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actually carry out and facilitate learning experiences 
that would otherwise be impossible without the 
technology itself. The eLearning, on the other hand, is 
essentially the pure delivery of content (online) as 
opposed to actual ‘doing’. In eLearning, the focus is 
on transmission of information via a digital platform, 
whereas cyberlearning uses a digital platform to create 
a comprehensive technology-based learning 
experience, wherein students derive their own 
meaning, understanding, and thus learning [18]. 

The eLearning as technology becomes more 
affordable in higher education but having a big barrier 
in the cost of developing its resources. Deep learning 
using artificial intelligence continues to become more 
and more popular and having impacts on many areas 
of eLearning. It offers online learners of the future 
with intuitive algorithms and automated delivery of 
eLearning content through modern learning 
management system platforms [25]. 

Cyberlearning research is the study of how new 
technologies, informed by what we know about how 
people learn, can be used to advance learning in ways 
that were never before possible. The researchers have 
found that the best way to investigate potential 
advances is to design learning experiences and study 
them. Thus, the cyberlearning research is creative and 
aspirational and often features novel designs [36]. 

The cyberlearning research is design research. The 
project leaders aspire to create general designs that go 
beyond what is possible in today’s products and 
illuminate visions of how learning can be enhanced 
with technology in the future [9]. They are suggested 
six designs: Community Mapping; Expressive 
Construction; Digital Performance Spaces; Virtual 
Peers and Coaches; Remote Scientific Labs; 

Collaborative Learning with Touch Interfaces, and 
three methodological innovations: Multimodal 
Analysis; Analytics for Assessment; User- and 
Community Centered Design. 

Learning science 
The technology is used to support both teaching 

and learning, technology infuses classrooms with 
digital learning tools, such as computers and hand 
held devices; expands course offerings, experiences, 
and learning materials; supports learning 24 hours a 
day, 7 days a week; builds 21st century skills; 
increases student engagement and motivation; and 
accelerates learning [33]. 

The importance of the development of Information 
and Communication Technology (ICT) in education 
and training to respond better to the vision, goals, 
objectives and challenges of ICT and the beneficial 
role that it can play in enhancing and improving both 
teaching and learning [1] (fig. 2). 

The learning science is a field of scientific research 
that include cognitive science, computer science, 
information processing, psychology, child 
development, anthropology, and linguistics.  

While traditional educational research focuses 
primarily on students’ test scores or attainment of 
credentials, learning scientists are often concerned 
with knowledge, skills, and abilities - for example, 
their knowledge of an emerging scientific topic, their 
skills in participating in a scientific discussion, or their 
ability to work with others to build knowledge. The 
learning science is willing to be future-directed, 
imaginative and risky — to explore how learners 
could develop in ways that are clearly valuable, but 
presently hard to learn. 

 
Fig. 2. Goals of information and communication technology in education [12]. 
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New and emerging technologies have the potential 
to expand and transform learning and educational 
opportunities and outcomes for learners and workers 
of all ages, making it possible to adapt to their 
interests, needs, prior knowledge and available 
resources [18]. The Internet of Things application in 
education aims to establish an ecosystem in which 
students and teachers can achieve a deeper, pragmatic-
based understanding of their environs and can activate 
changes [3]. 

There are many innovative technologies to support 
learning [27]:  

• Mobile learning; 

• Data visualization; 
• Modelling and simulation; 
• Collaborative learning environments; 
• Embodied learning; 
• Learning analytics and data mining; 
• Games and virtual worlds; 
• Intelligent tutors; 
• Massive Open Online Courses (MOOCs); 
• Robotics; 
• Virtual and remote laboratories; 
• Augmented reality/immersive environments. 
The evolution of learning technology is shown in 

fig. 3. 

 
Fig. 3. Summary of learning technologies [12]. 

 
M-learning or mobile learning is "learning across 

multiple contexts, through social and content interac-
tions, using personal electronic devices". 

E-learning is a learning environment which uses 
information and communication technologies as a 
platform for teaching and learning activities. It is 
broadly inclusive of all forms of educational 
technology in learning and teaching. E-learning is 
inclusive of, and is broadly synonymous with 
multimedia learning, technology-enhanced learning, 

computer-based instruction, computer-based training, 
computer-assisted instruction internet-based training, 
web-based training, online education, virtual 
education, virtual learning environments, m-learning, 
and digital educational collaboration. These 
alternative names emphasize a particular aspect, 
component or delivery method. 

In [6] is outlined the emergence of next generation 
cyber-physical frameworks which can support the 
adoption of next generation educational approaches 
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and activities. The next generation networking 
capabilities provide possibility for students and 
educators to interact, explore and exchange high 
gigabit data and information from distributed 
locations. The technologies based on cloud 
computing, ultrafast networks and software defined 
networking will play a key role in the creation of both 
educational and industrial cyber-physical systems. 

Cyberlearning tools 
Various perspectives on cyberlearning and its pur-

pose highlight the need for more information: 
• practitioners need more information about what 

learners know; 
• product designers need more information about 

how their tools are being used;  
• and everybody needs to know more about how 

these carefully designed cyberlearning tools are 
actually being implemented, and their effects on 
students. 

Scratch 

Scratch is a project of the Lifelong Kindergarten 
Group at the MIT Media Lab. It is provided free of 
charge. Scratch is designed especially for ages 8 to 16, 
but is used by people of all ages. Millions of people 
are creating Scratch projects in a wide variety of set-
tings, including homes, schools, museums, libraries, 
and community centres. 

With Scratch, you can program your own interac-
tive stories, games, and animations - and share your 
creations with others in the online community. 

Scratch helps young people learn to think 
creatively, reason systematically, and work 
collaboratively - essential skills for life in the 21st 
century [31]. 

The educators are integrating Scratch across many 
different subject areas and age groups. 

By the Scratch Tutorials, you can find out how you 
can create stories, animations, games, and more  
(fig. 4). 

 
Fig. 4. Tutorial library in Scratch 3.0 [31]. 

PhET (Physics Education Technology) 

PhET is a suite of research-based interactive 
computer simulations for teaching and learning 
physics, chemistry, math, and other sciences. PhET 
simulations can be run online or can be downloaded 
free from the PhET website. The simulations are 
animated, interactive, and game-like environments 

where students learn through exploration. They 
emphasize the connections between real-life 
phenomena and the underlying science, and help make 
the visual and conceptual models of expert scientists 
accessible to students. PhET simulations are 
developed primarily for and are tested with university 
and high school students (fig. 5). 
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Fig. 5. PhET - Variety of simulations with different goals and features [37]. 
 

Founded in 2002 by Nobel Laureate Carl Wieman, 
the PhET Interactive Simulations project at the 
University of Colorado Boulder creates free 
interactive math and science simulations. PhET sims 
are based on extensive education research and engage 
students through an intuitive, game-like environment 
where they learn through exploration and discovery. It 
is adaptable for a variety of learners (fig. 6). 

 

 
Fig. 6. Circuit construction kit [37]. 

The design of PhET simulations supports 
productive student exploration (fig. 7). 

Mobile Studio 

Mobile Studio is developing pedagogy and 
hardware/software which, when connected to a PC 

(via USB), provides functionality similar to that of 
laboratory equipment (oscilloscope, function 
generator, power supplies, digital millimetre, etc.) 
typically associated with an instrumented classroom 
[23].  

 

 
Fig. 7. States of matter [37]. 

The Mobile Studio IOBoard is a small, inexpensive 
hardware platform for use in a home, classroom or 
remote environment. When coupled with the Mobile 
Studio Desktop software, the system duplicates a large 
amount of the hardware often used to teach Electrical 
Engineering, Computer Engineering, Control Systems, 
Physics courses and others. One example how to use 
the Mobile Studio is shown in fig. 8. 
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Fig. 8 Mobile Studio software tutorial [23]. 

 

TeachEngineering 

TeachEngineering.org is a digital library of more 
than 1,500 K-12 engineering curricular items such as 
lessons, hands-on activities and maker challenges. The 
items feature problem-solving, project-based learning, 
design and systems thinking, and developing 
engineering habits of mind [32]. 

 
The university engineering faculties, graduate 

students and K-12 teachers are developed and tested 
in the classrooms the contents of the 
TeachEngineering collection, which show cases 
engineering in everyday life as the context for student 
learning. The specific contributions by individual 
authors are recognized at the end of every lesson and 
activity. The collection aligns with state and/or 
national science, mathematics and technology 
educational standards, and uses engineering as the 
vehicle to integrate science and mathematics concepts 
for K-12 students. 

The TeachEngineering is a digital library 
comprised of standards-based engineering curricula 
for K-12 educators to make applied science and math 
come alive through engineering design [32]. 

The educators have free access to ever-growing 
collection of activities, lessons, units, maker 
challenges, sprinkles, and living labs. Many generous 
sponsors and partners have helped to establish, 
develop and promote this collection to help make 
teaching STEM easy and accessible for K-12 
educators everywhere. 

ELASTIC3S cyberlearning platform 

ELASTIC3S (Embodied Learning Augmented 
through Simulation Theaters for Interacting with 
Cross-Cutting Concepts in Science) is a set of gesture-
driven science simulations that are connected through 
a core idea (e.g., scale, rates of change) and utilize a 
common scheme for embodied interaction. Embodied 
cognition argues that “mental” processes of thinking 
and learning are in fact anchored in the body, its 
system of perception, and the actions that it takes in 
the world [18]. 

The ELASTIC3S simulation environment allows 
learners to interact virtually with content and ideas 
that would be impossible to experience in the physical 
world in a way that capitalizes on humans’ innate 
capacity to orient and mobilize in real or virtual three-
dimensional space. 

In the fig. 9 is shown the screenshots of the 
ELASTIC3S earthquake simulation. On the left, the 
student is building pressure in the plates 
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corresponding with a high-amplitude earthquake. The 
right shows the results of the triggered earthquake on 
a nearby city. In both views, there is a “base bar” at 

the bottom showing the gesture-manipulated quantity 
representing the amplitude and a graph showing the 
amplitude relative to its Richter magnitude. 

 
a) Building pressure in the plates                                      b) Results of the triggered earthquake 

Fig. 9. Screenshots of the ELASTIC3S earthquake simulation [18]. 
 

The positive outcomes of existing cyberlearning 
resources, like Scratch, PhET, and the Mobile Studio, 
hint at the promise cyberlearning holds for facilitating 
the development of 21st century skills [19]. It is 
important to support cyberlearning research and 
developments that promote excellence in 
undergraduate Science, Technology, Engineering, and 
Mathematics (STEM) education. There is a need to 
understand elements of existing resources that have 
already achieved positive outcomes. 

Engineering, Higher Education and Statistics 

As the world in 21st century is being and will be 
further revolutionized by the rapid development of the 
science and technology, the engineering skills impact 
individuals’ wages and jobs, determine whether 
countries survive in the fierce international 
competitions in the long run, and more importantly, 
whether our next generation will have the capability to 
meet the common global challenges in the decades to 
come. The engineering education sets young 
generations to becoming successful engineers by 
teaching them the set of knowledge, skills and 
attitudes needed to solve complex problems, to 
strengthen productivity and to achieve excellence. 
From the graduates of engineering programs are 
usually expected to demonstrate special abilities 
distinguished from other areas like humanities or 
social sciences. These abilities usually include but are 
not limited to applying knowledge of math, science 
and engineering, designing and conducting 
experiments, analysing and interpreting relevant data, 
demonstrating the competences to design systems, 
components or processes to identify, formulate and 
solve engineering problems. For this reason, the 

improving the quality of engineering education is a 
constant theme of higher education sector across the 
globe [40]. 

Grand Challenges for Engineering 

Throughout human history, engineering has driven 
the advance of civilization. In each of these broad 
realms of human concern — sustainability, health, 
vulnerability, and joy of living — specific grand 
challenges await engineering solutions. The world’s 
cadre of engineers will seek ways to put knowledge 
into practice to meet these grand challenges. Applying 
the rules of reason, the findings of science, the 
aesthetics of art, and the spark of creative imagination, 
engineers will continue the tradition of forging a 
better future.  

A diverse committee of experts from around the 
world, some the most renowned engineers and 
scientists of their generation, have proposed the 14 
challenges [26]: 

1. Make solar energy economical 
2. Provide energy from fusion 
3. Develop carbon sequestration methods 
4. Manage the nitrogen cycle 
5. Provide access to clean water 
6. Restore and improve urban infrastructure 
7. Advance health informatics 
8. Engineer better medicines 
9. Reverse-engineer the brain 
10. Prevent nuclear terror 
11. Secure cyberspace 
12. Enhance virtual reality 
13. Advance personalized learning 
14. Engineer the tools of scientific discovery 
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Computing and Engineering 
The educational and career pathways of computer 

scientists and engineers are increasingly intersecting, 
as is seen in the overlap in occupations, skills, and 
degrees of the two fields. The abilities and knowledge 
involved in computing - including programming, 
computing architecture and organization, data mining, 
software design, and the relatively new field of data 
science - should be included in the list of attributes for 
future engineers. The computers and the software are 
ubiquitous tools in design, simulation, testing, and 
manufacturing. The computing and the data science 
skills are desired in almost all occupations. Therefore, 
just as fundamental mathematics and science 
knowledge have historically been basic requirements 
for engineering degree, computing aptitude is now 
essential to an engineer’s toolbox.  

The junior scholars and the graduate often find 
reading STEM literature daunting, especially for the 
math-content/formulae. In [15] is proposed a novel 
problem, “mathematics content understanding”, for 
cyberlearning and cyber-reading. To address this 
problem, it is created a Formula Evolution Map 
offline and implemented a novel online 
learning/reading environment, PDF Reader with 
Math-Assistant, which incorporates innovative math-
scaffolding methods. 

The cloud computing is “a model for enabling 
ubiquitous, convenient, on-demand network access to 
a shared pool of configurable computing resources 
(e.g., networks, servers, storage, applications, and 
services) that can be rapidly provisioned and released 
with minimal management effort or service provider 
interaction. The introduction of cloud computing in 
higher education is mainly down to the cost-efficient 
nature of this technological innovation, though it is 
important to note that cloud computing also has 
creative capabilities, since it encourages and facilitates 
the creation, use and sharing of ideas, knowledge and 
thoughts [4]. 

The cloud computing technology is advantageous 
to cost saving and scalability issues, whereby it comes 
as a solution to lack of computing resources in the 
educational systems. The cloud based virtual 
computing labs provides all kinds of computational 
resources and application software at one place that 
would be helpful for learning for students of STEM 
subjects [16].  

The Mobile Learning has provided innovative 
opportunities for both teachers and students, as it 
produces an active learning atmosphere anywhere and 
anytime. The mobile learning model can be 
resourcefully improvised by adding the cloud 

technology into it. The technology underneath cloud 
based mobile learning can be effectively used in the 
study of engineering subjects resulting in superior 
attainment of outcomes [21]. 

European Higher Education Area 
The Bologna Follow Up Group has identified three 

key commitments that underpin the European Higher 
Education Area (EHEA). These commitments concern 
the implementation of the three-cycle degree structure, 
recognition of qualifications and quality assurance. 
The priorities of the Bologna Process, in addition to 
the implementation of these commitments, are 
learning and teaching, social inclusion and 
employability. 

The Education, Audiovisual and Culture Executive 
Agency (EACEA) is an agency of the European 
Union located in Brussels, Belgium. It manages parts 
of the Union's programs in education, culture, and 
audiovisual fields [34]. 

Through the strategic framework for education and 
training, EU countries have identified four common 
objectives to be addressed by 2020: 

• make lifelong learning and mobility a reality; 
• improve the quality and efficiency of 

education and training; 
• promote equity, social cohesion, and active 

citizenship; 
• enhance creativity and innovation, including 

entrepreneurship, at all levels of education 
and training. 

The International Standard Classification of 
Education (ISCED) is a statistical framework for 
organizing information on education maintained by 
the United Nations Educational, Scientific and 
Cultural Organization (UNESCO). 

The education systems vary a lot between 
countries. International data on education should 
therefore be based on a classification, which proposes, 
for all countries of the world, sound criteria for the 
allocation of education programmes to levels, which 
can be considered, as comparable. ISCED 2011 has 
nine education levels, from level 0 to level 8 (tertiary 
education is from level 5 to 8): 

• ISCED level 5 - Short-cycle tertiary education 
• ISCED level 6 - Bachelor or equivalent 
• ISCED level 7 - Master or equivalent 
• ISCED level 8 - Doctoral or equivalent 

Student population 

There were around 37.7 million tertiary students in 
the EHEA in the academic year 2014/15 (see fig. 10). 
The number of students enrolled in tertiary education 
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(ISCED levels 5-8) varies between 457 in Andorra to 
more than 7 million in Russia, a country that accounts 

for 19.7 % of the tertiary student population in the 
EHEA. 

 
Fig. 10. Number of students enrolled in tertiary education by ISCED level, 2014/15 [34]. 

 

Expenditure on higher education 

The European higher education institutions are 
funded predominantly from public sources. This 
section compares public expenditure on higher 
education in the EHEA based on Eurostat indicators: 
public expenditure as percentage of Gross domestic 
product (GDP) and as percentage of total public 
expenditure.  

The annual public expenditure on tertiary 
education as a percentage of GDP is often used as an 
indicator of a country’s public financial effort in 
supporting its higher education system. It is 
appropriate for comparative analysis because it takes 
into account the relative size of the country’s 
economy. The annual public expenditure on tertiary 
education includes spending from all levels of 
government and covers both direct funding for higher 
education institutions and funding for all other 
institutions providing tertiary education-related 
services. 

Fig. 11 shows annual public expenditure on tertiary 
education as % of GDP and how much of that is spent 
on research and development. In 2014, half of the 
countries in the EHEA spent more than 1.2 % of GDP 
on tertiary education. The three countries with the 

highest spending were Denmark (2.3 %), Norway (2.2 
%) and Finland (2 %). 

The figure also shows how much of a country's 
annual public expenditure is directed to research and 
development. There is wide variation in R&D 
spending in the EHEA. Such direct R&D expenditure 
might be funded through different modes: institutional 
funding and/or project-based funding and depends on 
the overall institutional setting of EHEA countries' 
research systems. Sweden and Finland both spend 
about 0.6 % of GDP on R&D. Bulgaria and Romania 
spend the lowest among EHEA countries on R&D, 
0.03 % and 0.01 % of GDP respectively. 

INDUSTRY 4.0 and Engineering Education 

Industry 4.0 is a German initiative aiming to 
promote the digitization of manufacturing towards the 
smart factories and networks of the future and seen 
worldwide as the fourth industrial revolution [17]. 

The Industry 4.0 relates mainly to apply ICT 
technologies, essentially based on the use of Cyber-
Physical Systems (CPS). 

For an effective implementation of Industry 4.0, 
the engineers should have expanded design skills that 
cover interoperability, virtualisation, decentralisation, 
real time capability, service orientation, modularity 
etc. along with the information technology skills. 
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The education of Industry 4.0 is a process that 
integrates Humanities, Science, Technology, 
Engineering, Art, Mathematics, Medicine associated 
with the increased critical thinking abilities, higher 

order thinking, deeper learning, content mastery, 
creative problem solving, teamwork and 
communication skills [14]. 

 
Fig. 11 Annual public expenditure on tertiary education by ISCED level as a % of the GDP, 2014 [34]. 

 
The engineers of Industry 4.0 must learn the skill 

of applying scientific as well as mathematical 
principles to design, develop and operate, maintain, 
integrate, inter-connect, control & analyse the 
structures/ machines/ materials/ systems/ software. 

This process can be achieved through acquisition 
of knowledge, skills & competencies related to the 
profession one chooses, communication skills, ability 
to work as a team, ethical decision making, critical 
thinking, ability to apply knowledge to solve real 
world problem. 

The first industrial revolution was related to the 
introduction of mechanical production equipment 
driven by water and steam power, the second one 
based on industrial organization (i.e. mass production) 
and the use of electrical energy, and the third one 
based on the introduction of electronics and IT to 
automate the production and machinery. Similarly, to 
the third industrial revolution, the fourth one relates 
mainly to apply ICT technologies, essentially based 
on the use of CPS (fig. 12). 

Industry 4.0 is the beginning of a new digital 
industrial technology era that is transforming systems, 
sensors, machines, work pieces and IT. Industry 4.0 is 
making it possible to gather and analyse data across 
machines - creating a more efficient process with 
these nine technologies (fig. 13). 

The STEM education fosters Industry 4.0 with its 
aims and 21st century skills and it should be enhanced 
to have high quality industry for a country [13]. 

Some the 21st century skills and the STEM 
education’s aims are very important to have high 
quality industrial system within Industry 4.0. Another 
significant indicator is to link STEM education’s aims 
and 21st century skills. Within this context, the STEM 
education can foster Industry 4.0. 

 
Examples of Cyberlearning 

Cyberlearning in USA 

 
The National Science Foundation (NSF) is an 

independent federal agency and support basic research 
and people to create knowledge that transforms the 
future [8]. The NSF is the only federal agency whose 
mission includes support for all fields of fundamental 
science and engineering, except for medical sciences 
[2]. NSF is divided into seven directorates that support 
science and engineering research and education.  

One of them is “Computer and Information 
Science and Engineering”. It comprises four other 
units. One of them is “Office of Advanced Cyber-
infrastructure (OAC). The OAC supports and 
coordinates the development, acquisition, and 
provision of state-of-the-art cyber-infrastructure 
resources, tools and services essential to the 
advancement and transformation of science and 
engineering. 
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Fig. 12. The Four Industrial Revolutions [11]. 

 

 
Fig. 13. Nine Technologies of Industry 4.0. [35]. 
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The OAC also supports forward-looking research 

and education to expand the future capabilities of 
cyber-infrastructure specific to science and 
engineering. By fostering a vibrant ecosystem of 
technologies and a skilled workforce of developers, 
researchers, staff and users, OAC serves the growing 
community of scientists and engineers, across all 
disciplines, whose work relies on the power of an 
advanced research cyber-infrastructure. 

The Centre for Innovative Research in 
Cyberlearning (CIRCL) works with projects in the 
emerging field of cyberlearning to support and 
amplify their efforts.  

 
The CIRCL is funded by the National Science 

Foundation under some grants and led by Digital 
Promise (also known as the partnership with Stanford 

Research Institute (SRI International), Education 
Development Centre (EDC), and National Opinion 
Research Centre (NORC) at the University of Chicago 

The CIRCL is the hub of the knowledge network 
(research community) for cyberlearning and hosts a 
useful collection of resources. 

 
Cyberlearning System in Korea 
 
The Republic of Korea is has made the shift to a 

technology-focused education system requires 
carefully calibrated steps, carried out systematically 
over a long period of time with full support from 
government, parents, teachers, and other stakeholders, 
along with sufficient resources [12]. This transition in 
a relatively short period of time starting with 
audiovisual education in schools in the 1970s, the 
introduction of formal computer education in the 
1980s, and a series of master plans starting in 1996 
through to the present, that have fully embedded ICT 
in the system (fig. 14). 

 

Fig. 14. Summary of Use of ICT in Education in Korea [12]. 
 

The cyberlearning is also adopted in 2004 with the 
goal of reducing out-of-school expenses and 
narrowing the education gap between regions in the 
country. It is a free internet-based, e-learning service 
based on the national curriculum that enables students 
to supplement school classes. The Smart education 
initiative in 2011 is aimed to engage and empower 
students by putting them at the centre of learning  
(fig. 15). As of 2015, there were over 2.1 million 
subscribers to the service (fig. 16). 

The Cyber (Home) Learning System (CLS) is 
expanded to high school in 2006 in Korea. The next 
generation Learning Management System (LMS)/ 
Learning Contents Management System (LCMS) is 
developed is 2008 in Korea (fig. 17). It is build 

networks of the next generation LMS/LCMS in 16 
cities and provinces in 2010 and they are put into 
operation. 

The adoption of cyberlearning has seen substantial 
improvements in educational outcomes, including a 
more than 12% improvement in academic 
achievements since start up, and strong increases in 
building effective learning habits and raising interest 
in different subjects. 

To create effective 21st century learning students 
need to be allowed to do new things, in new ways, and 
get a different, and better, education because of the 
technology [29]. 
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Fig. 15. Major initiatives of ICT in education in Korea [12]. 

 
Fig. 16. Overview of Cyberlearning System in Korea [12]. 

 

Cyberlearning in China 
 

 
 

According to Notice from the General Office of the 
National Development and Reform Commission of 
the People's Republic of China in 2017 is organized 
National Engineering Laboratory for Cyberlearning 
and Intelligent Technology. 
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Fig. 17. Learning management system of Cyber learning system in Korea [12]. 
 

The National Engineering Laboratory for 
Cyberlearning and Intelligent Technology focuses on 
the sharing of high-quality educational resources and 
the urgent need of intelligent educational resources to 
construct a research platform for cyberlearning 
intelligent technology. It supports Interactive System 
for Distance Education, Knowledge Modelling and 

Analysis, Learner Modelling, Learning Analytics, 
Design and Assessment of Learning Environment, 
Systematic Education Governance as well as other 
technological R&D and engineering [5]. 

The mission of the National engineering laboratory 
is to promoting the construction of “Internet + 
Education” (fig. 18). 

 
Fig. 18. Mission of the National engineering laboratory for  

Cyberlearning and Intelligent Technology in China [5]. 
 

China has outlined an initiative ‘New Engineering 
Education’ (NEE) to reform its engineering education 
at university level in 2016 [40]. 

NEE has also been initiated with a pragmatic 
purpose of producing quality engineering talents to 
underpin the country’s technological advancement and 
long-term economic development. 

Since 2017, China has taken various actions to 
develop NEE, including formulation of National 

Standards for many categories of programs, 
commissioning hundreds of research projects on NEE 
development, establishment of new engineering 
programs and interdisciplinary courses, strengthening 
university-industry partnerships, accrediting 
engineering programs, and improving both external 
and internal quality assurance mechanisms.  

The College of Information Science and 
Technology at the Beijing Normal University has 
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cooperated with National engineering laboratory for 
cyberlearning and intelligent technology to build the 
program: Master of Software Engineering on 
Cyberlearning, 2017. 

Conclusion 
To address the global problems it is needed a 

world citizenry to have more knowledge about 
science, technology, engineering and mathematics; 
social, behavioural and economic sciences; and the 
humanities. The primary, secondary, and higher 
educational systems today lack the capacity to serve 
the whole populace effectively, not to mention support 
the lifelong learning which is essential for coping with 
our rapidly evolving world. In spite that the 
technologies cannot solve all the world’s educational 
challenges and crises, they has the potential to 
broaden educational opportunities, improve public 
understanding, and strengthen learning in classrooms 
and beyond [10].  

The modes of learning have shifted dramatically 
over the past two decades with changes in the ways 
people access, exchange and interact with 
information. 

The various perspectives on cyberlearning and its 
purpose highlight the need for more information. The 
practitioners need more information about what 
learners know. The product designers need more 
information about how their tools are being used. And 
everybody needs to know more about how these 
carefully designed cyberlearning tools are actually 
being implemented, and their effects on students [24]. 

The future educational systems are expected to 
transform from institutions with a strong emphasis on 
teaching to organizations with an increased emphasis 
on learning. The recognition of multiple pathways for 
acquiring skills will follow. The teachers will design 
challenging learning activities and the students will 
learn anytime or anywhere at a pace comfortable for 
them, using whichever tools they choose [30]. 

The twenty-first century teachers will assess their 
students’ skills and identify and design learning 
activities to help them achieve deeper understanding. 
The ongoing formative assessment is most effective 
for this approach as it allows teachers to adjust their 
strategies within lessons for maximum effectiveness. 

 
This survey article is based on a presentation on 

10th International Seminar on Engineering Education 
and Professional Realization of Young Engineers 
(ISEEPRYE), University "Prof. Dr. Assen Zlatarov" 
Burgas, Bulgaria, 2019, presented by the author [22]. 
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