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Abstract 
During a substantial part of their time young people of today live in an online world. 
The medial evolution has also influenced education and today much research work 
concerns the transfer of the physical world into the online one. One example is 
laboratories in science, technology, engineering, and mathematics (STEM) 
education that are available in online rooms. They enable students to be at home in 
front of a computer and on-screen watch and operate the physical equipment in the 
laboratory at school.  

It is a general agreement that laboratory lessons are necessary in subjects such as 
physics, chemistry and biology. Physical experiments provide a great way for 
students to learn more about nature and its possibilities as well as limitations. 
Experimental work can be provided by laboratories in three different categories; 1) 
hands-on, 2) remote and 3) simulated. 

This thesis addresses how to implement remote laboratories as a teaching 
methodology. It presents examples of upper secondary school students’ 
experimental work and their evaluation of remote laboratories regarding usability, 
sense of reality and technical problems.  

In order to gain a better understanding of the situation and needs regarding 
laboratory activities in an upper secondary school, eight physics teachers were 
interviewed at six different schools. Furthermore, 165 upper secondary school 
students answered a questionnaire survey regarding subject preferences, program 
choices, views on technology and self-ability, and their approach to technology and 
technology-related situations. This thesis also describes another education approach 
where academia, industry, and research institutes cooperate around the development 
and implementation of master level courses. The pedagogical approach utilized in 
these master level courses has been flipped classroom. 

In this thesis, the usage of remotely controlled laboratories in physics education at 
an upper secondary school and a university are addressed. The main objective of 
this project is to investigate the feasibility of using the Virtual Instruments System 
in Reality (VISIR) technology for remotely controlled laboratories, developed at 
Blekinge Institute of Technology, in upper secondary schools. The laboratory setup 
can be shared and utilized almost 24/7, thus reducing the associated costs and 
eliminating time restrictions. 

Keywords:  Education, Engineering, Experimental work, Physics, Remote Laboratories, 
VISIR 
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Abstract 

During a substantial part of their time young people of today live in an online world. 
The medial evolution has also influenced education and today much research work 
concerns the transfer of the physical world into the online one. One example is 
laboratories in science, technology, engineering, and mathematics (STEM) 
education that are available in online rooms. They enable students to be at home in 
front of a computer and on-screen watch and operate the physical equipment in the 
laboratory at school.  

It is a general agreement that laboratory lessons are necessary in subjects such as 
physics, chemistry and biology. Physical experiments provide a great way for 
students to learn more about nature and its possibilities as well as limitations. 
Experimental work can be provided by laboratories in three different categories; 1) 
hands-on, 2) remote and 3) simulated. 

This thesis addresses how to implement remote laboratories as a teaching 
methodology. It presents examples of upper secondary school students’ 
experimental work and their evaluation of remote laboratories regarding usability, 
sense of reality and technical problems.  

In order to gain a better understanding of the situation and needs regarding 
laboratory activities in an upper secondary school, eight physics teachers were 
interviewed at six different schools. Furthermore, 165 upper secondary school 
students answered a questionnaire survey regarding subject preferences, program 
choices, views on technology and self-ability, and their approach to technology and 
technology-related situations. This thesis also describes another education approach 
where academia, industry, and research institutes cooperate around the development 
and implementation of master level courses. The pedagogical approach utilized in 
these master level courses has been flipped classroom. 

In this thesis, the usage of remotely controlled laboratories in physics education at 
an upper secondary school and a university are addressed. The main objective of 
this project is to investigate the feasibility of using the Virtual Instruments System 
in Reality (VISIR) technology for remotely controlled laboratories, developed at 
Blekinge Institute of Technology, in upper secondary schools. The laboratory setup 
can be shared and utilized almost 24/7, thus reducing the associated costs and 
eliminating time restrictions.
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Populärvetenskaplig 
sammanfattning 

Under en betydande del av sin tid lever idag unga människor i en online-värld. Den 
mediala evolutionen har också påverkat utbildningen och idag handlar mycket 
forskningsarbete om överföringen av den fysiska världen till en online-värld. Ett 
exempel är laboratorier inom naturvetenskap-, teknik-, och matematikutbildning 
(STEM) som är tillgängliga på en websida. De gör det möjligt för elever och 
studenter att vara hemma framför en dator och titta på skärmen och använda 
utrustningen i ett laboratorium placerat på ett universitet. På många arbetsplatser 
idag fjärrstyrs utrustning och sensorer, till exempel inom rymdforskning, 
miljöövervakning, robotteknik och medicin. 

Inom fysiken är laborationer och experimentella arbeten viktiga inslag. Skolan ska 
i sin undervisning sträva efter att eleven utvecklar sin förmåga att med hjälp av 
moderna tekniska hjälpmedel samla in och analysera data. Ett fjärrstyrt laboratorium 
ger eleverna ett spännande och annorlunda sätt att laborera på jämfört med ett 
laboratorium i skolan. Eleverna kan t ex använda det fjärrstyrda laboratoriet till att 
göra klart en laboration hemma som påbörjades i skolan, utföra egna 
undersökningar eller bekanta sig med instrumenten inför en laboration. Det är 
tillgängligt 24/7. Läraren kan på ett smidigt sätt ordna praktiska prov för eleverna 
på lektionstid och ge hemuppgifter av praktiska inslag. 

Experimentellt arbete kan genomföras i tre olika kategorier; 1) hands-on, 2) 
fjärrkontrollerat och 3) simulerat. Denna avhandling tar upp hur man implementerar 
fjärrstyrda laboratorier som en undervisningsmetodik. Den presenterar exempel på 
gymnasieelevers och universitetsstudenters experimentella arbeten och deras 
utvärdering av fjärrstyrda laboratorier med avseende på användbarhet, 
verklighetskänsla och tekniska problem. 

För att få en bättre förståelse för situationen och behoven kring experimentell 
verksamhet i svenska gymnasieskolor intervjuades åtta fysiklärare på sex olika 
skolor. Vidare har 165 gymnasieelever besvarat en enkätundersökning om 
ämnespreferenser, programval, syn på teknik och egen förmåga samt deras 
förhållningssätt till teknik och teknikrelaterade situationer.  
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Detta avhandlingsarbete beskriver också ett annat utbildningssätt där akademi - 
industri - forskningsinstitut samarbetar kring utveckling och genomförande av 
kurser på mastersnivå. Det pedagogiska tillvägagångssättet som använts i dessa 
kurser är det flippade klassrummet. 
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1 Introduction 

1.1 Overview and motivation 
Remote laboratories (RL’s) are becoming a major component of school teaching 
and learning experience since they enable students to use real equipment with high 
degree of availability and at a lower cost. They provide students with 
experimentation resources, at the students’ time of choice. Students nowadays want 
extended accessibility to learning resources and an increased freedom to organize 
their own learning activities. This means usage of communication devices and 
infrastructure such as learning management systems for remote access to 
laboratories and other activities. 

From a societal perspective this study originates from the recognized problem of 
upper secondary schools’ pupils falling interest in science studies. There is a 
downward trend in young people’s general interest in science, technology, 
engineering, and math (STEM) education, and in particular, it is observed that 
students’ interest in technology is decreasing with age [1]. Citizens in a modern 
society need some understanding of the nature and scientific knowledge in order to 
evaluate claims that may affect their everyday decisions on health, diet and use of 
energy resources. Another motive for this study is that the recent curricular reforms 
Gy11 and Gy22 in Sweden has brought about a larger emphasis on experimental 
skills, including planning and design, as well as assessment of these skills [2] [3]. 
In school there is a need to improve and vary teaching methods. Extending 
experimental work in remote environments using tablets and computers to connect 
to the laboratory is one good alternative to attract students to physics studies. 

This thesis addresses how to implement RL’s as a teaching methodology. It presents 
examples of experimental work of students and their evaluation of RL’s regarding 
usability, sense of reality and technical problems. In order to gain a better 
understanding of the situation and needs regarding laboratory activities in the upper 
secondary school, eight physics teachers were interviewed at six different schools. 
Furthermore, 165 upper secondary school students answered a questionnaire survey 
regarding subject preferences, study program choices, views on technology and self-
ability, and approach to technology and technology-related situations. This thesis 
also describes another education approach where academia - industry - research 
institutes cooperate around the development and implementation of master level 
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courses. The pedagogical approach utilized in these master level courses has been 
flipped classroom. 

This thesis summarizes research rooted in empirical studies and observations from 
the teaching role I have had from 2009 to 2023. As a reader, one needs to pay 
attention to the fact that this has been an iterative and explorative journey performed 
by an industrial Ph.D. student while directly involved in the teaching role. 

1.2 Thesis organization 
The remainder of this thesis is structured as follows 

• Chapter 2; starts with describing the role experimental work has in the
teaching and learning of science. Furthermore, three types of laboratories in
physics education for Swedish upper secondary schools; hands-on,
remotely controlled and simulated, are described.

• Chapter 3; presents four RL’s used in this research, VISIR electronics,
VISIR acoustics, inclined plane and smart home.

• Chapter 4; addresses didactical methods used for the integration of
experimental work with emphasis on RL’s.

• Chapter 5; presents the research methodology

• Chapter 6; summarizes the papers and outlines the main contribution to the
studies included in the thesis.

• Chapter 7; concludes the thesis by summarizing contributions and
discussing possible future directions.

• The dissertation ends with a collection of the included publications. All
publications have been peer-reviewed and published in conference
proceedings, chapters in books or scientific journals, except for publication
VIII — a preprint to be submitted to journal.
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2 The role of experimental work 
in the teaching and learning 
of science  

First, and most fundamentally, we might ask: what is science, and what are its 
characteristics? The distinctive characteristic of scientific knowledge is that it 
provides material explanations for the behaviour of the material world, that is, 
explanations in terms of the entities that make up the world and their properties. 
Physics is a science that deals with the study of all experimental and measurable 
processes in nature, as well as their mathematical description.  

In learning physics the student seeks to understand the significant elements of a 
body of pre-established, consensually agreed knowledge. In physics education the 
teachers introduce physical theories and scientific methods in a variety of teaching 
methods helping the students to acquire this body of knowledge. Hands-on and 
minds-on activities play an important role to develop the students understanding of 
the methods by which this knowledge has been gained. In understanding physics, 
information and communications technology (ICT) provides useful tools for 
conceptual understanding, laboratory activities and data collecting in experiments.  

In [4] the authors argue that experiments in a laboratory are an essential part of 
learning experience in science. Multiple objectives of the physics course can be 
reached through conducting experiments. The students learn how to obtain the data 
needed and how to interpret data. Laboratory work also develops practical skills and 
foster teamwork abilities. Such skills are some of the learning objectives of the 
Swedish physics courses in upper secondary school and available at [2]. 

Laboratory work is used with a number of different aims for student learning, often 
only implied, but not communicated nor evaluated. The student laboratory work can 
be; 1) investigation, 2) verification of a formula, 3) learning the technical 
equipment, 4) learning scientific methods, 5) learning to ask research questions or 
6) designing an experiment. 

It is not expected that students at upper secondary schools discover new additions 
to science nor that they develop new devices. The aim is to learn laboratory 
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workmanship and to see whether the models of physics are useful descriptions of 
nature or not, even if a model is imperfect.  

In [5] a laboratory unit for a year 10 class, i.e. first year in a Swedish upper 
secondary school, that involves the students planning and conducting experiments 
is described. The students are subsequently encouraged to write in such a way that 
other students can repeat the experiment. The aim is to develop students 
understanding about the role of experimental work in establishing scientific 
knowledge. In particular, the role of communication and replication of experimental 
work in the acceptance of knowledge by the scientific community are emphasized. 
It is concluded that while teachers often emphasize the scientific aim of a laboratory 
task, it is equally important that students are aware of the purpose to achieve 
successful learning. 

Experiments must be reproducible. The requirement for reproducibility is probably 
one of the most difficult requirements. This is especially apparent in student 
experiments, when very simple experiments are conducted in several groups. Not 
all groups will obtain the same results; variation can always be found. Nevertheless, 
a trend leading to the direction in which the results will be found can still be 
recognized. If the experiments are repeated, an average result can be observed more 
clearly. 

The role of the laboratory in teaching and learning of science points out that a 
laboratory should involve both investigations, hands-on or remote, and also minds-
on reflection [6]. 

2.1 Categories of laboratories 
Educational laboratories are divided into three different categories; 

• local laboratory at school with equipment to perform hands-on laboratory
work

• remote laboratory often placed elsewhere with real equipment that is
remotely controlled with a computer by the student

• simulated laboratory, a computer simulation that can mimic laboratory
procedures

There is a vivid ongoing debate about the value of the different categories of 
laboratories. In [7] a review of research on laboratory education with a focus on the 
three categories is summarised. The debate over different technologies is 
confounded by the use of different educational objectives, such as design skills and 
conceptual understanding. Today, RL’s and simulations can be used as an effective 
replacement for hands-on laboratories to promote understanding and learning of 
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concepts. Student-centred approaches, such as active learning, are perceived as 
engaging students in learning through interactions, including reading, watching, 
listening, analysing, or experimenting. The authors in [8] investigate how a remote 
laboratory assignment based on active learning in higher engineering education 
supports student engagement. By studying student engagement with a remote 
laboratory in two higher engineering systems and control courses, the study sets out 
to contribute to detailed and evidence-informed knowledge on online laboratory 
pedagogy. Furthermore, in [9] a set of activities comprising simulations, remote and 
hands-on experiments was designed in order to engage students in the learning 
process. Results showed that the remote laboratory VISIR is an effective tool to 
promote active learning. 

The results of [10] suggest that the three types of laboratories are not equivalent. 
Conceptual learning outcomes are roughly equivalent in traditional hands-on and 
technology-mediated laboratories. Regarding satisfaction, however, students often 
commend the convenience of remote laboratories but still express a preference for 
hands-on laboratories. In [10] it is also suggested that students may collaborate 
differently in remote laboratories, simulations, and traditional hands-on 
laboratories. Differences in the social process and work patterns may affect 
cognition and learning. Such patterns play a role in determining the learning effect 
for the different laboratory formats. The study in [11] compared learning activities, 
learning outcomes, and students’ rating of satisfaction and convenience for hands-
on, remotely operated and simulation-based educational laboratories. The study 
showed that the learning effect of different laboratory formats may depend largely 
on social and motivational factors. Implications for educational practice from the 
interplay between learning environment, learning activities, and relationships start 
with the way a remote lab is introduced to students. This introduction directly 
influences their engagement and resulting learning outcomes [12].  

Another comparative study of remote laboratories versus hands-on is presented in 
[13]. The paper presents a model for testing the relative learning effect of hands-on, 
simulated and remote laboratories. It also presents a preliminary assessment study, 
comparing different versions of remote laboratories versus hands-on laboratories in 
a junior-level mechanical engineering course on machine dynamics.  

2.1.1 Local laboratory at school with equipment to perform 
hands-on laboratory work 

Local laboratories are still the most common ones in upper secondary schools in 
Sweden. But often the experimental data are obtained by information and 
communications technology tools, sensors connected to virtual instruments and 
software that display the result of the measurements. According to [7], many 
laboratories are presented by computers.  
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For example, an experiment may involve measuring a certain output using a 
computer connected via LabQuest to the experimental apparatus or components 
[14]. The experimental data can subsequently be analysed with the software 
LoggerPro [14]. In such a case, the interactive quality of laboratory work 
participation may not differ much irrespective of if the student is co-located with 
the equipment or not. Figure 1 presents an experiment regarding the concept of an 
AC-generator – the method used universally to produce electricity. A coil that is 
forced to rotate in a region of magnetic field will produce an electromotive force 
(emf). The ends of the coil are attached to two LabQuest probes and the software 
LoggerPro measure emf and shows a graph of the emf induced in the coil as a 
function of time. The maximum peak voltage is 0.14 V and then due to loss of the 
coil rotation velocity the amplitude reduces. 

Figure 1. AC - generator  
The ends of the coil are attached to two LabQuest probes and the software LoggerPro measure emf and 
shows a graph of the emf induced in the coil as a function of time on the computer. 

The phenomena electromagnetic induction can be investigated when a magnet is 
dropped from rest and move through a coil, see Figure 2. As the magnet is allowed 
to enter the coil a current is induced in the coil and the emf is registered by the 
software LoggerPro, when the magnet is going out of the coil the induced current is 
opposite. 

The LabQuest and different probes for measuring temperature, voltage etc., may be 
considered as expensive for schools. Furthermore, the interactive quality of 
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laboratory work using such laboratory equipment may not differ much irrespective 
of if the student is co-located with the equipment or not. Hence remote laboratories 
are becoming an important component of school teaching and learning experience 
since such tools enable students to use real equipment almost 24/7, and at a lower 
cost. 

 

 

 
Figure 2. The phenomena electromagnetic induction 
The ends of the coil are attached to two LabQuest probes for measuring voltage. A magnet is dropped 
from rest and move through a coil. The graph to the right presents the result. Induced emf (V) as a function 
of time (s). 

2.1.2 Remote laboratories 
Remotely operated equipment has long been desired for use in dangerous or 
inaccessible environments such as radiation sites, marine and space exploration. To 
prepare students for future employment, a remote laboratory is useful. A remote 
laboratory generally allows students and teachers to use networks, connect with 
cameras, use sensors and controllers, to carry out experiments on real physical 
laboratory apparatus that is located remotely from the student. In [15] and [16] 
remote laboratories in use worldwide are presented.  

In 1999, in Sweden, The Virtual Instrument Systems in Reality (VISIR) project 
started at the Blekinge Institute of Technology (BTH), under the leadership of 
Ingvar Gustavsson [17]. VISIR is an acronym also used to name the associated 
remote laboratory, which allows performing remote experiments with electrical and 
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electronic circuits in less than a second, thus supporting the concurrent access of 
several users. Apart from BTH, presently, there are approximately 20 VISIR 
laboratories installed in Argentina, Austria, Australia, Brazil, Costa Rica, Georgia, 
Germany, India, Morocco, Portugal, Spain and United States. A roadmap for the 
VISIR remote laboratory is proposed in [18] based on a SWOT analysis performed 
by fifteen experts, with large experience on VISIR deployment. A comprehensive 
VISIR bibliographical reference list with over 230 entries or publications is 
described in [19]. The list starts from 2001, with the first tracked publication being 
Ingvar Gustavsson, and includes publications until August 2021.  

VISIR remote laboratory in electronics can be found in the website LabsLand [20], 
a site run by a commercial company. It provides universal access to VISIR nodes 
installed in different countries, via cooperation’s agreements established with the 
related higher education institutions (HEIs). The site connects schools and 
universities with real laboratories, in several subjects, available somewhere else on 
the Internet.  

LabsLand offer two types of RL: 

• real-time laboratories where students access the equipment at the same time
things are happening: in the case of the robot, they send a program to a robot
and they see how the robot behaves with their program in real time
elsewhere.

• ultra-concurrent laboratories which are based on a set of pre-recorded
experiences carried out at a real laboratory. Then, the ultra-concurrent
laboratory interface allows the user to have the same experience as in a real-
time laboratory. All data is still completely real, but this way you can use it
with your entire class with enhanced robustness at the same time.

Laboratory-based experiments are an important learning tool in many disciplines. 
These experiments involve students exploring physical phenomena. In many cases 
however these phenomena are not directly visible (e.g. magnetism, heat, etc.) The 
recent emergence of augmented reality (AR) and virtual reality (VR) technologies 
provides us with a way to change the way in which we perceive the real world. It 
can therefore be postulated that augmented and virtual reality may be able to be used 
to change the way in which students perceive reality whilst undertaking real-world 
experimentation, and hence to improve the educational process and outcomes. In 
paper [21], the authors consider how AR and in particular the use of Head-Mounted 
Displays - HMD can be utilised in educational laboratories by exploring the types 
of augmentations that might be possible.  

In this thesis, it is the VISIR laboratory at BTH dedicated to experiments on 
electronic circuits [22] and acoustics [23] that have been used for students at upper 
secondary level at Katedralskolan in Lund, Sweden. Furthermore, the VISIR 
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electronics laboratory has been used in a distance course at BTH, for remote 
experiments in electronics.  

In [24] mechanical experiments are presented with springs and also experiments 
with light. More examples of experiments using mechanical remote laboratories are: 
Archimedes’ principle, free falling objects, inclined plane, simple pendulum and 
natural and driven oscillations, see [25], [26]. 

Granting off-class access to a remote laboratory takes off the time-pressure on the 
students allowing them to conclude and repeat tasks which they were not able to 
finish during class. In [27] a comprehensive overview is provided on several aspects 
of remote development and usage, and the potential impact in teaching and learning 
processes with selected e-learning experience. The chapters 8-11 in [27] describe 
remote laboratories in use in the area of control systems, such as measurement of 
water and air flow in a heat exchanger and electrical circuits. 

Another advantage with remote laboratories is that many local laboratories at upper 
secondary schools do not have enough equipment to perform advanced experiments, 
but can for a low cost get access to equipment at other sites. 

2.1.3 Simulated laboratories 
Simulated laboratories play an important role in the teaching and learning of 
physics. Some advantages are that the experiment can be started, stopped, examined, 
re-examined or re-started under new conditions.  

In 2002 the University of Colorado Boulder started the very instructive internet site 
PhET with many interactive simulations, covering the usual scope of physics, 
chemistry, math, biology and earth science [28]. Figure 3 shows an example of a 
simulation of an electrical direct current (DC) circuit [29]. Students can quickly and 
easily wire circuits, test them and process data quickly. The authors in [30] explore 
students’ problem-solving skills through inquiry-based learning with PhET 
simulation, focused on direct current electricity matter. In [31] the authors highlight 
a few ways how to use PhET simulations in class, based on their research and 
experiences using them in secondary school and upper secondary schools. 
Furthermore, on the PhET website there are teaching resources that has tips for 
teachers how to use PhET simulations in the classroom. 

Other actors who also provide simulated laboratory are Ophysics [32] and Tinkercad 
[33]. All of the content on the site Ophysics is created by Tom Walsh, an upper 
secondary school teacher. Most of the animated illustrations and all of the 
interactive simulations on the site is created using GeoGebra software [34]. 
GeoGebra is a free program that makes it very easy to create animations and 
simulations for anyone with a good understanding of math or physics. The authors 
in [35] presents a review of the current literature on how GeoGebra can be used to 
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support physics education in upper secondary schools. The general conclusion that 
comes from these studies is that GeoGebra is a user-friendly software that can be 
operated intuitively by teachers and students. Tinkercad is a free web app for 3D 
design, electronics, and coding. With an Arduino Basic Kit, it is possible to interact 
with Tinkercad’s circuit simulator and test a project. The paper [36] describes how 
Arduino Uno microcontrollers were used as an extra credit exercise to create interest 
in physics and to understand some basic physics concepts. The authors in [37] 
presents a non-traditional approach to transfer a laboratory course, Basics in 
Computer Sciences, into a digital format using elements such as the Tinkercad 
platform, teleconsultation hours and email support. 

Figure 3. 
Simulation of a DC circuit at the website PhET. An amperemeter measuring current through a bulb and a 
resistor. The voltmeter measuring voltage between two points. 

A major difference between experiments in a remote laboratory and a simulated 
laboratory is that in the remote laboratory the experimenting is carried out with real 
equipment and experimental objects while in a simulated laboratory the 
experimentation relies on mathematical models, etc. For instance, experimenting in 
a remote laboratory with real equipment usually will give different values each time 
a measurement is carried out while in a simulated laboratory the measuring of data 
is based on mathematical calculations giving the same answer to the student each 
time a measurement is carried out. Therefore, simulated laboratories can serve as an 
introduction to a science section, verifying or investigating a formula. However, 
they can never serve as an investigation of truly real behaviour of nature.  
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3 Remote laboratories used in 
this research 

This chapter presents four remote laboratories used in this research, VISIR 
electronics, VISIR acoustics, inclined plane and smart home. 

3.1 The VISIR electronics laboratory 
VISIR means Virtual System in Reality. The VISIR electronics laboratory was 
developed by the Signal Processing Department at Blekinge Institute of Technology 
(BTH) in Sweden. The main goal of the platform is to offer an online workbench 
where students can perform electronics experiments remotely. The VISIR 
electronics laboratory strives to make experimentation-based learning as natural as 
experimenting in a real laboratory. To achieve this, there is a variety of lifelike 
instruments in the following HTML5 client modules: 

• Breadboard for wiring circuits; 

• Function generator; 

• Oscilloscope; 

• Triple Output DC Power Supply; 

• Digital Multi-meter. 

The experiments performed with VISIR are highly interactive and allow real-time 
control of the equipment. VISIR is a client-server architecture, where measurements 
are carried out on a server and the instrument front panels are displayed on the 
clients computer screen [38].  Virtual front panels depicting the front panels of the 
desktop instruments and a virtual breadboard displayed on the computer screen can 
almost give distance students the impression that they are working in the real 
laboratory. Examples of interfaces for these instrument panels are shown in Figure 
4. Users are able to interact with these instrument images, which include animated 
controls and displays. 

A significant difference for remote students compared with students in a hands-on 
laboratory is the wiring of circuits and the connection of instruments. In [39] it is 
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demonstrated how to wire circuits and use the instruments in the VISIR laboratory.  
One of the most interesting aspects of the platform is that the VISIR electronics 
laboratory features an expandable relay switching matrix, see top right in Figure 5, 
where laboratory instructors can attach several electrical components as well as 
whole circuits depending on the experiments to be performed [40]. The matrix is a 
card stack to make the wires as short as possible. The size of the boards is standard 
PC/104. A node bus is propagated from board to board.  Starting from the top, the 
component board has a number of holes for wiring. Components with more than 
two leads can be installed in a 20 pin IC socket.  

The teacher defines the possible branches to be installed by wires on a component 
board. The switching matrix is equipped with controllable switches, i.e., electro-
mechanical relays. Figure 5 shows a component board where relays are placed 
before the resistors to switch them on and off. 

Figure 4. 
Interfaces of instruments at the remote electronics laboratory VISIR at BTH. 

With the aid of a virtual breadboard implemented as a VISIR client module, students 
can assemble several different circuits with different component sets available, pre-
configured by the laboratory administrator.  Top left in Figure 5 shows the virtual 
breadboard with a DC circuit, a resistor in series with an amperemeter, to measure 
current through the resistor. Bottom right shows the programmable matrix with 
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details of the real electrical component corresponding to the virtual one used on the 
prototyping board interface. The task for the laboratory administrator is to add 
components to the library, update the components list, which specifies where the 
components are connected at the relay switching matrix, and update the Max Lists. 
A Max List is a list of current virtual instructor rules to prevent equipment damage. 
These lists should support the teacher’s already prepared experiment. The possible 
connections are specified in the components list. 

 

 

 
Figure 5.  
A composed view of VISIR: hardware (top-right), client interfaces of two instruments (DMM and DC Power 
supply) (bottom-left and bottom-middle, respectively) and of the prototyping board (top left) and the 
programmable matrix with details of the real electrical component corresponding to the virtual one used 
on the prototyping board interface (bottom-right). 

As is obvious, this platform provides an extraordinarily flexible environment in 
which students can construct and test different circuits. The modularity of the VISIR 
hardware allows a certain degree of flexibility concerning the resources (circuit 
components and laboratory equipment) that students have at their disposal to 
construct and test circuits. Beyond this, the VISIR platform is remarkable in the 
interactivity it facilitates students with. Moreover, one of the most important aspects 
of the platform is that electronic circuits can be wired and tested by students with a 
degree of freedom normally associated with a traditional, hands-on electronics 
laboratory, without having to worry about burning components and students hurting 
themselves. 
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Another feature of the VISIR electronics laboratory is that the laboratory allows 20-
30 users at the same time. Therefore, it is possible for students to conduct 
experiments or experimental exams in class. This is enabled by the fact that you are 
only connected to the remote laboratory server when sending your circuit layout and 
doing the actual measurements.  You do not occupy the remote equipment when 
you are wiring the circuit or troubleshooting. However, the VISIR electronics 
laboratory does not handle collaboration between students at different places in the 
same time slot. It is of course possible for the students to do collaborate work when 
they are in front of a computer, either together or using e.g. Teams, Meet or Zoom 
to communicate.  

In the literature, several approaches to build remote laboratories for electronic 
circuits have been addressed. In [41] a remote laboratory is developed for 
measurement and monitoring of static circuits. The laboratory only permits 
changing the instrument parameters of the circuit and not the building circuits from 
scratch, as in the VISIR electronics laboratory. 

In [42] the authors presents a remote electronics laboratory called NetLab, 
developed at the university of South Australia. Unlike VISIR, NetLab is from the 
beginning designed as an interactive collaborative environment where a number of 
students can access the equipment remotely from different places in the world and 
collaboratively wire circuits, connect and set up instruments and perform 
measurements. Anyone logged on has full control of the system. Since NetLab is an 
interactive learning environment, students are required to coordinate their actions. 
Unlike in a real laboratory, where students see what everyone is doing, collaboration 
in remote laboratory is not a trivial task. To enable this collaboration, NetLab has a 
number of features to support interactive collaborative work [43]. Up to three 
students can collaborate in the same experiment at any given time slot. 

3.2 The VISIR acoustics laboratory 
The VISIR acoustics laboratory is a novel and unique laboratory setup developed 
by BTH on the foundations of VISIR with some modifications demanded by active 
noise control (ANC) applications. The laboratory is designed to support experiments 
in the fields of acoustics and digital signal processing. The laboratory can 
supplement traditional experiments ranging from advanced level to basic acoustics 
experiments suitable for upper secondary school students. The laboratory setup is 
divided into two main categories, i.e., the actual hardware or equipment in the 
laboratory, see right Figure 6, and the graphical user interface, see left Figure 6 or 
enlarged in Figure 7, presented remotely to the user on the computer screen for 
configuration and control of the equipment. Figure 7, illustrates what is displayed 
on the client computer screen when entering the acoustics laboratory website. In 
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[23], [44] the VISIR acoustics laboratory is described and in [45] the latest important 
developments are presented.  

 

 

 
Figure 6. 
The laboratory setup for the remote acoustic laboratory is divided into two main categories: at right the 
hardware or equipment in the laboratory and at left the graphical user interface, enlarged in Figure 7. 
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Figure 7. 
A snapshot of the remote acoustics laboratory measurement and configuration client. 

3.3 The inclined plane 
The remote laboratory at BTH in the subject mechanics, an inclined plane, see 
Figure 8, is used for investigating experimentally acceleration of the cube and 
friction force acting on the cube. The remote controlling interface is an ordinary 
HTML5 web page, on which the user can see a live camera view of the laboratory, 
control the settings of the experiment and view the result as a graph after measuring, 
see Figure 9. The raw data from the experiment is also available for download as a 
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comma separated values (csv) file for further analysis. In this laboratory, for the 
same experiment, only one student or a collaborating group can use the laboratory 
in each time slot. In [46] is presented the development of another remote laboratory 
in the area of Galileo’s inclined plane. A more expensive one is presented in [47],  
at the University of Technology, Sydney. The apparatus on page 1207 of their article 
is used to investigate acceleration due to gravity and the effects of friction. 

 

 

 
Figure 8. 
The inclined plane at BTH. 
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Figure 9.  
The remote controlling interface of the inclined plane at BTH. 

3.4 The smart home laboratory 
The smart home laboratory is situated at BTH in Karlskrona. The physical 
laboratory structure is similar to an ordinary furnished flat. A basic one room 
apartment with entrance hall, see B in Figure 10, one living room with a bed and a 
kitchen, A in Figure 10, and a toilet, X in Figure 10. Hygiene facilities are however 
excluded. Standard sensors were selected based on requirements given by the 
functions and to be as small and inconspicuous as possible but still contain the 
necessary sensors/actuators. They are ubiquitous and merged into the environment 
i.e. engineered to blend in. Thus, a person may in principle pass through the whole
apartment without observing the sensors/actuators.

The laboratory setting has been engineered in cooperation with industry, thus it is 
an industrial platform with on the market sensors and software solutions in use in 
everyday smart home applications, more specifically in care homes or in elderly 
and/or disabled persons homes. The system includes remote control and functions 
enabled via a smart phone. 
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Figure 10.  
The architecture of the smart home laboratory, X bathroom, B entrance hall and A  living room. 
Sensors: 
10 – sensor VISION: toilet door, open – close  
7 – motion detector, SP814-1 
9 – sensor, Fibaro, living room, door, open – close 
X11 – sensor Fibaro: light, temperature and motion 

The platform in the laboratory was based on standard solutions on the market, but 
specially compiled to suit the experimental work in the course. The wireless 
protocol used is Zwave, which is used to transmit the sensor events to the gateway, 
where all sensor data is collected [48]. The gateway translates the sensor events into 
Message Queuing Telemetry Transport (MQTT) events, a widespread 
publish/subscribe protocol commonly used for IoT applications, which makes it 
easier to integrate the solution with other systems. Several services use the MQTT 
protocol to monitor what is going on in the experiment apartment. One of these is 
saving all events to a database and they can later be queried from there by a simple 
web interface. 

As a proof of concept for simulating an elderly person falling down in their home, 
a set of automation rules were written, to keep track of where in the apartment the 
person was and to automatically notify when and where a person had fallen.  
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4 Didactic methods 

4.1 How can students work with a VISIR 
electronics laboratory? 

When including remote laboratories in physics courses the teacher has several 
possibilities to implement the teaching strategies. These possibilities depend on 
students’ knowledge in the area, the aim of the laboratory work and the degree of 
freedom that the teacher wants to allow the students.  

The students can do laboratory work at school during learning hours under 
supervision of a teacher or at home as an alternative method to extend their 
knowledge.  

The VISIR electronics laboratory is used as a complement to the traditional 
workbench in the hands-on laboratory. The way of carrying out experimental work 
provides the students with more time for experimental work as compared to what is 
offered by the school in the hands-on laboratory.  Students can continue laboratory 
work at home with an assignment not finished during scheduled school time.  

Another option with the remote laboratory for electrical experiments is that it can 
be used by many students performing different experiments simultaneously. 
Moreover, it is convenient to use remote laboratories for exams with exercises of 
experimental work.  A hands-on laboratory can serve as an introduction and be used 
for experiments not available in the remote laboratory such as experiments with a 
bulb or experiments using analog instruments for measuring currents and voltages.  

Before the students start to use the remote laboratory, it must be introduced by the 
teacher. If the students already have used electronics equipment in a hands-on 
laboratory they only need a small presentation of the VISIR electronics laboratory 
web interface and an explanation on how to use it. Further, help for the student is 
provided by manuals and videos on the web. 

How can students work with the remote laboratory? 

• As a participator when the teacher uses the VISIR electronics laboratory for
demonstrating a phenomenon, see Figure 11. An option with the remote
laboratory for a teacher is to integrate experimental work in a theory lecture
by logging on to the VISIR laboratory website and carry out remote
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experimental work in real time during the lecture. Thus, the theory for 
electronic circuits may be confirmed with experiments from the remote 
laboratory also during theoretical lectures. 

Figure 11. 
A teacher uses the VISIR electronics laboratory to demonstrate a phenomenon. 

• Pre-designed circuits in the VISIR electronics laboratory breadboard can be
used for the students to learn the instruments which measure current and
voltage. In this case the students do not need knowledge about making
connections and their interaction with the platform is minimal.

• Laboratory exercise instructions with pre-defined circuits to be constructed
by the students. For this choice the students need knowledge on how to
design circuits for different tasks. The degree of freedom is bound to a
restricted number of components defined by the teacher. In this way the
interaction between student and VISIR is visible and the student experience
is similar to a hands-on experiment.
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• Students are allowed to choose the circuit elements on their own. Students 
can independently solve different applications by themselves. To solve the 
laboratory assignment, the students look in the components list to choose 
the right component, then add the components to the board and finally make 
the connection with the measurement equipment that will allow the 
measurement. This option is generally possible in a VISIR electronics 
laboratory, but has not been used yet for students at Katedralskolan. 
However, the teacher can use this option to prepare a laboratory assignment 
with a set of components available for the students. 

4.2 Teaching with a VISIR electronics 
laboratory compared to a hands-on 
laboratory 

In Figure 12, a group of students is shown working with traditional electronics 
equipment in a hands-on laboratory. There are ten workbenches in a typical 
classroom for physics studies. Very simple breadboards are in use to connect the 
resistors. In Figure 12, the web interface for this equipment is also shown. The bulb 
is not implemented in the remote laboratory, because the warm-up time for a lamp 
is too long to enable relevant measurements of the current through it. Most 
instruments in the remote laboratory have a remote control option but the solderless 
breadboards do not. In order to open a workbench for remote access, a circuit wiring 
manipulator is required. A relay switching matrix can serve as such a device where 
the relays are arranged in a three-dimensional pattern together with instrument 
connectors and component sockets. Virtual front panels depicting the true front 
panels of the desktop instruments and a virtual breadboard displayed on the 
computer screen can give distance students the impression that they are working in 
a real laboratory.  

The bulb and the resistors at the top left in Figure 12 belong to the component set 
delivered by the teacher. Except for the bulb, these are installed in the component 
sockets of the matrix, see bottom right in Figure 5. When the students make a 
laboratory assignment choice in the remote laboratory, a set of virtual components 
provided for that laboratory assignment is displayed in the area of components, 
shown at the top right in Figure 12. The teacher has beforehand, as in a hands-on 
laboratory, prepared a laboratory assignment with a set of components available for 
the students. A hands-on laboratory is time-consuming in preparing components and 
instruments for each laboratory session. In the remote laboratory you do this 
preparation only once and you can reuse the setup any number of times avoiding a 
waste of time. Furthermore, another advantage with the remote laboratory is that the 
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student can save the circuit and continue the laboratory assignment next lesson or at 
home. 

 

 

Figure 12. 

Top left; students working in a pre-defined hands-on laboratory.  
Top right; the user interface for pre-defined VISIR laboratory.  
Bottom; snapshots of instrument interfaces placed at connection points in VISIR electronics laboratory. 

4.3 Flipped Classroom 
The flipped or inverted classroom is a relatively new and popular instructional 
model, in which activities traditionally conducted in the classroom (e.g., content 
presentation) become home activities, and activities normally constituting 
homework become classroom activities. In the flipped classroom, the teacher helps 
the students instead of merely delivering information. Flipped classroom as a model 
requires students to take charge of their learning and decisions during pre-class, in-
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class, and post-class [49]. Since classroom time is not used to transmit knowledge 
to students by means of lectures, the teacher is able to engage with students by 
means of other learning activities such as discussion, solving problems proposed by 
the students, hands-on activities, and guidance. Today, the concept of the flipped 
classroom has been implemented in many different disciplines (mathematics, social 
sciences, humanities, etc.), and in schools and universities around the world [50], 
[51], [52]. 

The flipped laboratory, described in paper VI, is an extension of the pedagogical 
method flipped classroom, where information is transferred to the students before 
they come to class. In the flipped laboratory the students can access theoretical 
content that allows them to understand the practical work in the remote laboratory. 
The content can be reading text or view a recorded part of a teachers lecture. The 
flipped laboratory is a student-centred environment. 

4.4 Laboratory student work 
This chapter addresses the fundamental concepts of physics theory investigated by 
students in the remote laboratories at an upper secondary school. In the first physics 
course, the students study mechanics, thermal physics, optics, electrical and 
electronic circuits and nuclear physics. In the following course, the content is 
electric and magnetic fields, electromagnetic induction, alternating current in 
electrical circuits with components like resistors, capacitors and coils, oscillations 
and waves, atomic and nuclear physics, momentum, motion in circles and two-
dimensional motions. The remote laboratories cover the subjects electrical and 
electronic circuits, mechanics and waves. 

 

Laboratory work that deals with direct current: 

• Investigate the relationship between voltage and electric current, the Ohm's 
Law, for a component (resistor or conductor) that behaves according to 
Ohm's law over some operating range. 

• Investigate if the current was the same before a component as after in a 
circuit with two resistors in series. 

• Check Kirchhoff’s voltage and current law. 

Laboratory work that deals with alternating current: 

• Compare the impedance of the components in DC circuits with AC circuits. 

• Investigate the components impedance at different frequencies for 
capacitors and coils. 
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• Relative phases between various voltages for the components, assessed on
the remote oscilloscope.

Inclined plane experiments: 

• Find the acceleration of the cube and friction force acting on the cube.

• Force decomposition.

• Newton’s second law.

Acoustics experiments: 

• Study of acoustic signal properties.

• Peak, RMS, Power and dB measurements.

• Wavelength and frequency relationship.

• Sound pressure measurements.

• Propagation time or determining the speed of sound.

Smart home laboratory exercises: 

• Interpretation of activities in the home based on the real time updates of the
log of the sensors/actuators.
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5 Methodology 

This chapter describes the research approach to achieve the aim and my personal 
journey of working towards the dissertation. 

5.1 Research context 
The research has primarily been conducted in upper secondary schools in Sweden. 
In [53], the Swedish school system is described. I started my research in 2009, when 
students at upper secondary schools did not have access to a computer of their own. 
My role was to implement the remote laboratory VISIR and use it instead of hands-
on laboratory in ordinary education in physics courses. During 2009-2021 more than 
300 students in my research have used the remote laboratory VISIR and evaluated 
it with a questionnaire after finishing the course.  

In 2012 and 2013, I collaborated with the teacher on a distance course at BTH to 
give the students the opportunity to perform laboratory exercises in the remote 
laboratory VISIR and to give me an opportunity to do research on the use of the 
laboratory in a distance course. Laboratory exercises were not a mandatory part of 
this course. In the transition to emergency remote teaching due to the COVID-19 
pandemic, the students at the upper secondary school Katedralskolan had the 
opportunity to continue laboratory activities remotely. 

My research during 2016-2018 continued within the Knowledge Foundation funded 
project “Remote Diagnosis - online engineering, at master level” at BTH. The 
approach was to develop academic courses in cooperation with industry. 

Furthermore, in the project “STEM education on equal terms” funded by Vinnova 
2018-2019, I collaborated with the Department of Mechanical Engineering at 
Linnaeus University. The project aims to enable STEM education on equal terms 
for upper secondary school, e.g. by ensuring laboratory resources for everyone. 

5.2 Research methods 
Students at Katedralskolan have carried out online laboratory experiments. These 
experiments have beforehand been prepared with theory lessons and hands-on 
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experimental work for the students. Before the students started to use the VISIR 
laboratory, it was introduced by the teacher of the class, starting with a small 
presentation of the VISIR laboratory interface and an explanation on how to use the 
RL. Further help for the student was provided by manuals on a learning management 
system. Students attending the first physics course in the natural sciences 
programme carried out experimental work on direct current, and students attending 
the second physics course carried out experimental work on alternating current.  

After the sessions a questionnaire was passed to the students to acquire their opinion 
about the VISIR laboratory. The questionnaire has 13 items and covers four 
characteristics of a RL; 1) usability, 2) sense of reality, 3) usefulness and 4) quality 
of the service. There were also two open ended questions at the end of the 
questionnaire. The students’ satisfaction with the RL and perception of the RL 
resulted in a proposal of improvements in the RL’s user interface. Continuously, 
improvements to the VISIR electronic laboratory at BTH for use in upper secondary 
schools were implemented.  

The students’ learning outcomes were demonstrated in written laboratory reports, 
where they had to include theoretical calculations, VISIR laboratory measurements 
and screen dumps of the circuits and measurement instruments. Exams with 
exercises of experimental work using the VISIR laboratory was carried out. They 
had to document the measurements from VISIR laboratory and a screen dump of 
the circuits and instruments settings into the laboratory instruction guide and then 
upload it to a learning management system. Furthermore, theoretical examinations 
during the course include questions regarding VISIR usage. 

The purpose and goal were to improve usability for the RL; 
1) Learnability: How easy is it for users to accomplish basic tasks the first time
they encounter the RL?
2) Efficiency: Once users have learned the RL, how quickly can they perform
tasks?
3) Memorability: When users return to the RL after a period of not using it, how
easily can they re-establish proficiency?
4) Satisfaction: How pleasant is it to use the RL?

Within the framework of the Knowledge Foundation funded project, “Remote 
Diagnosis - online engineering, at master level”, BTH students and employees of 
the companies participating in the project, but also other professionals in the 
industry, were able to attend the designed distance learning courses in Measurement 
and Sensors. The methods applied to reach the educational goals concerning expert 
competence within remote diagnostics have been both on-site and remote lectures 
given by engineering, medical and metrology experts. The first time the courses 
were given to company employees in cooperation with industry they were iteratively 
evaluated, i.e. suggestions for topics and lecture content were given during the 
course. After the lectures, comments for improvements were given by the students 
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in a questionnaire with five open ended questions. The pedagogical approach 
utilized was flipped classroom, in essence, the students were provided with course 
material before each lecture and the lecture focused on deeper discussions and 
analysis concerning the course subject. The teacher can document which material 
the students had shown interest in before the lecture, but it was not possible to see 
if it really was read by students or just downloaded. To find out if the documents 
were read, not just downloaded, a quiz was sent out to the students. 

The project “STEM education on equal terms” used a theory-informed, iterative and 
interdisciplinary approach. Statistics from Statistics Sweden and the Swedish 
National Agency for Education, analysis of similar concepts, interviews with 
teachers and a questionnaire survey answered by 165 upper secondary school 
students have been used to increase understanding of needs and conditions. The 
concept has been developed and designed to meet identified needs in 
interdisciplinary dialogue. Discussions with potential shareholders for step two and 
a workshop for relevant shareholders was organized at the end of the project. 

5.3 Ethical considerations 
When working with people, ethical conduct is important [54]. In the remote 
laboratory studies and the tool development, the following ethical considerations 
were taken into account: 

• The participants in the remote laboratory VISIR studies were selected from
the teachers’ groups at Katedralskolan and at BTH. All students in the
groups participate. Within the framework of the Knowledge Foundation
funded project, “Remote Diagnosis - online engineering, at master level”,
the attended students in the distance learning courses participate. In the
project “STEM education on equal terms” upper secondary schools in Lund
and Växjö were selected. The development leaders in Physics at each school
were selected for the interview.

• Information about individual participants and actors remained anonymous
in the publications unless information about them (e.g., their professional
background) was important for understanding the content of the paper. In
these cases, only the aggregated information was saved.

• Interview recordings were accessible to the authors of the respective articles
only. The audio files were during the studies archived and stored on an
external USB drive for further access on demand, but are now deleted.

• Interactions with people were based on mutual respect, justice, and
benevolence.

• The processes were designed to show transparency in terms of relationships
with participants and self-disclosure.
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6 Summary of the appended 
papers 

This thesis in applied signal processing has a focus on development and design of 
remotely controlled laboratory experiments in science for upper secondary school 
and university with emphasis on didactics. The aim of the thesis is to develop 
strategies and methods for implementation of remotely controlled laboratory 
experiments in education with the purpose of increased quality and education 
efficiency, as well as the stimulation of student interest in science on equal terms 
and gender. This section presents a summary of the appended publications. 

6.1 Paper I - Remote laboratory experiments 
at the upper secondary school 
Katedralskolan in Lund  

Published as: 

L. Claesson, K. Nilsson, J. Zackrisson, I. Gustavsson and L. Håkansson, “Remote
laboratory experiments at the Upper Secondary School Katedralskolan in LUND”,
Proceedings of the Seventh International Congress on the area of remote
engineering and virtual instrumentation (REV 2010), Stockholm, Sweden, June
2010.

Summary: 

The aim of this paper is to describe and analyse the introduction and usage of the 
online workbench for electrical experiments created at BTH for the students at 
Katedralskolan in Lund. The remote laboratory gives the student laboratory 
experience that is as genuine as possible, despite the lack of direct contact with the 
actual hardware. 

The teacher in this study first had to learn the remote VISIR electronics laboratory 
system to be able to act as an administrator. There are three different levels of access 
to the remote laboratory system: administrator, teacher, and student. The 
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administrator is responsible for the general management of the system; he/she 
creates courses and decides the limitations of resources for this course. As a teacher 
you are responsible for a course and handle all administrative tasks concerning the 
course, such as registering students and preparing experiments. 

Two groups of students have carried out online laboratory experiments in this study. 
These experiments have been prepared in advance with theory lessons and real 
experimental work in a hands-on laboratory. Hands-on laboratory work is used at 
an early stage to build confidence in remote technology used in later teaching. When 
a student is familiar with the real instruments and components and has done some 
hands-on experimental work in school, the online laboratory can be conveniently 
used for; 

• further investigations of new laboratory assignments, 

• the finishing of an unfinished laboratory experiment, 

• preparations for an exam. 

At this time, 2010, the students did not have a computer of their own. The school 
was equipped with forty computers divided between two classrooms. The computers 
were available in a booking system for the teachers at school. Group 1, first-year 
students, carried out experimental work on direct current. The assignments were;  

• Investigate if the current is the same before as after a component. A 
common misconception is usually that an electric current is “used up” in a 
component.  

• Investigate the relationship between voltage and current for a resistor. The 
students have experience from an initial hands-on laboratory with a bulb 
instead of a resistor. The task was to compare the results from a bulb with a 
resistor.  

• Find out how voltage is distributed over resistors in a series connection. 
Calculate the total resistance (sum of the resistors in series) and check by 
measurements of the current and check by calculation. 

• Find out how the voltage and current are distributed in a parallel connection 
of resistors. Calculate the total resistance in the circuit and the current in the 
main wire and then compare with the measured current. 

Group 2, third-year students, performed laboratory experiments on alternating 
current.  

• The first assignment was how to use and read the remote oscilloscope.  

• The next task was essentially to investigate how the impedance depends on 
frequency for capacitors and coils. 
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The remote laboratory work was evaluated with a questionnaire. The majority of the 
students were satisfied. The students showed great interest in the laboratory 
experiments, and appreciated that it was not simulations but took place in reality. 
However, a few students did not realize that it was real experimental work. The 
success of utilizing remote laboratories in education is likely to be related to, e.g., 
the engagement of the students, the level of entertainment it provides and how 
convenient it is to use. 

6.2 Paper II - Using an online remote 
laboratory for electrical experiments in 
upper secondary education 

Published as:  

L. Claesson and L. Håkansson, "Using an Online Remote Laboratory for Electrical 
Experiments in Upper Secondary Education”, International Journal of Online 
Engineering (iJOE), vol. 8, pp. 24-30, 2012. 

Summary: 

This paper continues the work in paper I with one more teacher involved and three 
more groups of students. In total, two teachers and 94 students at Katedralskolan 
participated. The paper describes the activities carried out by teachers and students 
using the remote laboratory VISIR. Examples of students’ remote laboratory work 
are presented. A difference from the first study is that in this study, some of the 
student groups had access to a computer of their own. Another difference is that the 
students now had access to supplementary material, such as videos and instruction 
manuals on the web.  

The websites used for institutional, teaching and learning purposes at 
Katedralskolan in Lund are presented. It is possible to launch the remote laboratory 
directly from the learning management system (LMS). All the steps that a teacher 
needs to prepare before a remote assignment are described. The students utilize the 
application program Excel with results from the remote laboratory for presenting 
their results, yielding tables and diagrams for the laboratory report. A typical 
practical student session in VISIR is described with the four steps: configure the 
circuit, configure the instrument (DMM), run the experiment, and analyse and 
document the results.  

Most of the students managed to finish the laboratory assignment in school during 
a three-hour laboratory session in physics. The rest completed the assignment at 
home. The amount of accesses per student indicates a typical student usage of the 
VISIR laboratory during outside scheduled hours. It was compulsory for each 
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student to write a report, where they had to include theoretical calculations, VISIR 
laboratory measurements, and screen dumps of the circuits. 

One group had exams with exercises of experimental work using the VISIR 
electronics laboratory. They had to do the experimental assignments in 75 minutes. 
Every student downloaded a laboratory assignment instruction guide from the LMS 
describing the three experimental assignments in the exam, one assignment for a 
DC circuit and two assignments for an AC circuit. They had to document the 
measurements from the VISIR laboratory with a screen dump, and also upload a 
screen dump of the circuits into the lab assignment instruction guide. 

After the sessions a questionnaire was passed to the students to acquire their opinion 
about the VISIR remote electronics laboratory. The questionnaire has 13 items and 
covers four characteristics of a remote laboratory: 1) usability, 2) sense of reality, 
3) usefulness and 4) quality of the service. VISIR is accepted by the students as a
good learning tool. Usefulness and usability get high marks considering the fact that
not all students at this age have developed an interest in electrical and electronic
circuits.

6.3 Paper III - Using a VISIR laboratory to 
supplement teaching and learning 
processes in physics courses in a Swedish 
upper secondary school 

Published as: 

L. Claesson, I. Khan, J. Zachrisson, K. Nilsson, I. Gustavsson, L. Håkansson,
Chapter 7 – “Using a VISIR laboratory to supplement teaching and learning
processes in physics courses in a Swedish Upper Secondary School” in IT
Innovative Practices in Secondary Schools: Remote Experiments, O. Dziabenko and
J. Garcia-Zubia (eds.), University of Duesto, Bilbao, Spain, 2013, ISBN: 978-84-
15759-16-4.

Summary: 

In this book chapter, improvements and augmentations of the VISIR electronics 
laboratory at BTH are described. The results from a survey at Katedralskolan 
concerning the satisfaction with the VISIR laboratory at BTH and the perception of 
it resulted in a proposal for improvements to its user interface. The improvements 
were implemented and, from now on, only the instruments that are actually used in 
the experiment are shown in the user interface. Another improvement is that there 
are two DMMs available; this is used in experiments concerning Ohm’s Law.  
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In the enhanced version of the VISIR electronics laboratory you can choose to use 
Flash or HTML5. HTML5 is working on handheld devices e.g. iPad and smart 
phones. The new tools in HTML5 also allow you to use the front panels in new 
ways, such as several front panels on the same web page. The use of handheld 
devices with touch screens also makes it possible to investigate the interaction with 
your fingers. 

Electronics experiments are described in detail with questions addressing the 
students. Examples of students’ circuit configurations are shown. 

The VISIR acoustics laboratory is also described, and several acoustics experiments 
are possible on the HVAC duct, primary speaker, microphones and the signal 
analyzer setup. The students can generate a sinusoidal signal from the signal 
analyzer, measure the signal using a microphone and display the same sound on the 
signal analyzer. The experience so far is that the signal analyzer is technically too 
complicated for upper secondary school students. Improvements in the acoustics 
remote laboratory user interface are necessary. Another enhancement would be to 
make it possible to listen to the generated sound from the signal analyzer.   

6.4  
Paper IV - Displacement measurements 
versus time using a remote Inclined Plane 
laboratory 

Published as: 

L. Claesson and L. Håkansson, "Displacement measurements versus time using a 
remote inclined plane laboratory," in 2016 13th International Conference on Remote 
Engineering and Virtual Instrumentation (REV), pp. 355-356, 2016. 

Summary: 

The aim of this paper is to describe and analyse the introduction and usage of an 
inclined plane for mechanical experiments created at BTH for the students at 
Katedralskolan in Lund. The remote laboratory gives the student laboratory 
experience that is as genuine as possible, despite the lack of direct contact with the 
actual hardware.  

The students can remotely initiate the inclined plane equipment via a computer 
connected to the equipment. The students choose an angle of the inclined plane, and 
a live camera view of the laboratory shows the experiment on the web page. Data 
on the distance a cube has travelled sliding down on the inclined plane may be 
collected. The data is stored in a comma separated values (CSV) file and can 
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subsequently be analysed by the students to find the acceleration of the cube. With 
the input angle, acceleration and mass of the cube the friction force acting on the 
cube can be calculated. 

Problems were detected with the equipment. It takes too long time for the linear 
actuator to set the angle. At the end of an experiment the cube sometime did not 
move back to its start position.  

Future work will allow students to identify other factors that may influence the 
motion: 1) having different material on the cube sides that comes into contact with 
the surface of the ramp, e.g. nylon, acrylic and abrasive paper, 2) size of contact 
area, and 3) mass of the cube. 

6.5 Paper V - Expert Competence in Remote 
Diagnostics - Industrial Interests, 
Educational Goals, Flipped Classroom & 
Laboratory Settings 

Published as: 

L. Claesson, J. Lundberg, J. Zackrisson, S. Johansson, L. Håkansson, "Expert 
Competence in Remote Diagnostics - Industrial Interests, Educational Goals, 
Flipped Classroom & Laboratory Settings," in Online Engineering & Internet of 
Things, ed: Springer, pp. 438-451, 2018 https://doi.org/10.1007/978-3-319-64352-
6_41 

Summary: 

In this paper an education approach is presented where academia, industry, and 
research institutes cooperate around the development and implementation of master 
level courses in smart home and health applications. The paper describes the 
principles applied, the pedagogical approach, the setup, the educational goals and 
the laboratory settings. Academia usually educates students, in this approach a novel 
way to educate regular students and industry staff has been performed. 

This study aims to answer two questions; 

• How can academia make engineering courses of relevance to 
industry? 

• How can we make use of resources in academia such as laboratory 
resources and flipped classroom as pedagogical approaches to 
reach the educational goals? 

https://doi.org/10.1007/978-3-319-64352-6_41
https://doi.org/10.1007/978-3-319-64352-6_41
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The answers to the first question are as follows. It is hard to find students holding 
the requirements to enter the courses. It is also hard to find students having the time 
to be a student while performing work in parallel. The production line of the 
companies needs to be taken into consideration, that is holding a product deadline 
are main priority for the companies. In the second question of how we can make use 
of resources in academia such as laboratory resources and flipped classroom as 
pedagogical approach to reach the education goals, one challenge has been to 
encourage the students to go through the preparatory material in advance. A survey 
holding questions that potentially can be answered correct if the given literature has 
been read is necessary to check if the student has read and understood the literature. 

The first time a course was given within the framework of this Knowledge 
Foundation (KKS) funded project, “Remote Diagnosis - online engineering, at 
master level”, only employees form the companies participating in the project 
attended the course. The second time a course was given, both students from 
academia and industry may attend the course. The pedagogical approach utilized 
was flipped classroom. After the sessions a questionnaire was passed to the students 
to acquire their opinion about the courses. The questionnaire had 5 open-ended 
questions. In total 17 students responded to the questionnaire. 

The evaluation interviews indicate that the students are satisfied with the courses 
and pedagogical approach but suggest more reconciliation meetings for course 
development. Labs early in the course were considered good, and the division of 
labs at the system and the component level. However further long-term studies and 
evaluation of impact are necessary. 

6.6 Paper VI - STEM Education on Equal Terms 
Through the Flipped Laboratory 
Approach. 

Published as: 

L. Claesson, M. Kans, L. Håkansson, K. Nilsson, STEM Education on Equal Terms 
Through the Flipped Laboratory Approach. In: Auer M., May D. (eds) Cross Reality 
and Data Science in Engineering. REV 2020. Advances in Intelligent Systems and 
Computing, vol 1231, 2021, Springer, Cham. https://doi.org/10.1007/978-3-030-
52575-0_4 

Summary: 

This paper reports on findings from a nine-month long feasibility project, in which 
the current state of Swedish STEM education at the upper secondary school level 
and future possibilities to improve the education by means of technical and digital 

https://doi.org/10.1007/978-3-030-52575-0_4
https://doi.org/10.1007/978-3-030-52575-0_4
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solutions were investigated. Eight physics teachers were interviewed at six different 
upper secondary schools about their school resources for laboratory activities. 
Furthermore, 165 upper secondary school students answered a questionnaire survey 
regarding subject preferences, program choices, views on technology and self-
ability, and approach to technology and technology-related situations. 

The overall aim was to enable science, technology, engineering, and mathematics 
(STEM) education on equal terms for upper secondary schools in Sweden, e.g. by 
ensuring laboratory resources for all schools, teachers and students. The overall goal 
was to reach good and relevant education for all, and increased technology-related 
competence. A conceptual solution, flipped laboratory, is proposed that fulfils the 
aim through modern pedagogy and technology. Remote-controlled physical 
laboratory environments based on VISIR concept comprise an important part of the 
solution, as they will arouse interest via computer and/or smartphone for 
experimenting with measuring instruments and experimental objects, and provide 
students the opportunity to prepare for scheduled laboratory exercises. 

By the concept, we want to make laboratory teaching attractive and understandable 
for all students by integrating laboratory elements into specific thematic areas, and 
thus putting technology understanding in a societal perspective. The innovation 
level lies both in a technology solution that is currently unavailable and in a new 
way of teaching technology-intensive elements. A number of similar initiatives 
exist, both in the field of digital learning and in remote-controlled laboratories, but 
at present there is no solution that provides thematic teaching with integrated 
laboratories that can be carried out online by connecting to a physical laboratory 
environment, and which is adapted to the Swedish upper secondary school curricula 
and conditions. 

6.7 Paper VII - Gender-Related Differences for 
Subject Interest and Academic Emotions 
for STEM Subjects among Swedish Upper 
Secondary School Students.  

Published as: 

M. Kans, L. Claesson, Gender-Related Differences for Subject Interest and 
Academic Emotions for STEM Subjects among Swedish Upper Secondary School 
Students.   
Education Sciences. 2022; 12(8):553. https://doi.org/10.3390/educsci12080553 

Summary: 

https://doi.org/10.3390/educsci12080553
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In this paper, Swedish upper secondary school students’ perceptions of interest and 
self-efficacy are studied in the form of a questionnaire survey to gain a deeper 
understanding on the choices that are made. Open-ended questions regarding subject 
interest, as well as questions connecting STEM-related situations to perceived 
emotions, were included, in addition to direct questions regarding interest and self-
efficacy. This study aims to answer the following questions; 

• How do students in upper secondary school relate to STEM-related 
subjects and areas?  

• Can one see a difference in perceived self-efficacy between male 
and female students?  

• Does the perception vary between students who choose a STEM-
oriented education and other students? 

The results show clear differences between genders regarding favourite subject. The 
female students in the study preferred “soft” subjects, such as language, civics, 
biology, and religion, while the male students preferred “hard” subjects, such as 
physics and technology. Interest, ability, teacher, and the characteristics of the 
subject were factors that influenced the choice for both groups. 

In this study, interest and future opportunities played a role in choosing a program, 
while the student’s own perceived ability seemed less important, even if some 
respondents stated that the program was chosen because he/she was not admitted to 
another, more attractive, program. In the answers, more male than female students 
indicated such reasons, but since the sample size in this study is relatively small, we 
cannot draw any general conclusions.  

Male students motivated program choices to a greater extent than female students 
with concrete career choices, such as becoming an engineer or astronomer, or 
working with people, which can be interpreted as perceiving themselves as 
belonging to a certain social context but, again, the small sample size makes it hard 
to draw general conclusions. Therefore, it would be interesting to conduct further 
deepened studies of upper secondary students’ program choices based on social 
belongingness.  

One of the most important didactic implications is that we, as educators and 
teachers, must understand that differences do exist, and find effective strategies to 
equalize them. Applying a norm-critical approach to the speech and action space in 
school is a way of working with the problem, but how this is made in practice can 
both improve and undermine the situation. 
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6.8 Paper VIII - STEM Education: A Remote 
Laboratory Implementation in Physics 
Courses, 

Manuscript 

L. Claesson, B. Lövström, STEM Education: A Remote Laboratory Implementation 
in Physics Courses, to be submitted to journal 

Summary: 

In the spring of 2020, due to the COVID-19 pandemic, the upper secondary school 
Katedralskolan rapidly transitioned classes and activities to be conducted remotely. 
Experiences from previous distance learning courses at BTH and on-site courses at 
Katedralskolan could now be used during Covid-19.  

In this paper, teachers’ comments and experiences of the factors affecting the usage 
of the remote laboratory VISIR during implementation in the courses are presented. 
The rapid transition of classes and activities to be conducted remotely was a new 
situation for everyone. The teacher must be prepared to deal with technical issues, 
from internet connection problems to access to resources, especially when planning 
for students to conduct laboratory work at home. In the courses, the teachers 
introduce remote laboratory VISIR to students before starting the actual work with 
VISIR. In general, students encounter some difficulties when they start using the 
system. If the teacher does not provide assistance and encouragement in overcoming 
this initial barrier, the probability of dropping out increases. 

In this paper, data collected from student activities are presented. The number of 
sessions in VISIR was collected for each student and sorted by intervals. After the 
sessions in the courses, a questionnaire was distributed to the students to acquire 
their opinions about the VISIR laboratory. The questionnaire has 13 items and 
covers four characteristics of an RL: usability, sense of reality, usefulness and 
quality of service. A representative selection of the answer from the students to the 
open-ended questions are presented. 

Obtained marks on the theoretical test questions and the number of reports handed 
in were also collected. The students showed great interest in the laboratory work. 
The number of VISIR accesses per student shows that four accesses are enough to 
fulfil the experimental work and hand in a laboratory report. In the courses where it 
was mandatory to hand in a laboratory report, a large proportion of the expected 
reports were submitted. The theoretical test questions reveal that the students have 
learned to interpret a circuit on the breadboard, but on the other hand, they did not 
succeed in drawing the circuit in the test into the breadboard. 
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7 Conclusions and future work 

This thesis describes how remote laboratories can be used in upper secondary school 
education and universities. It shows that it is possible to use remote laboratories as 
a replacement and/or complement to hands-on laboratories. Traditional hands-on 
laboratories have always played an important role in physics and engineering 
education, and for some students, not all, it is a good learning environment. 
However, in school the students have limited access to traditional laboratories. If 
the school offers access to remote laboratories 24/7, there will be more students 
attaining the learning objectives of the course. Maybe even some students that are 
not initially interested or feel unsure in the subject area might be attracted. This 
thesis includes examples of electronics, acoustics, and mechanics experiments 
suitable for upper secondary school, where the remote laboratory is a popular way 
to explore physical phenomena.  

The main observation of the studies in this thesis is that the remote laboratory is 
easy to implement and use by both teachers and students. It is possible to integrate 
with the existing learning management system of the school. However, pitfalls are 
accessibility and lack of an available teacher when students make failures. A virtual 
instructor can never replace a “real” teacher. Another disadvantage is the limited 
flexibility of placing components in a circuit.  

An issue that seems to be important to address in future work is the development of 
strategies and methods for extending the possibility for more schools and 
universities to use remote labs. One way to go is to provide courses about remote 
laboratories for student teachers on the teacher training education programme in 
STEM subjects. Another is to connect BTH’s remote laboratories to the existing 
company LabsLand, to give the students access to the remote laboratories on the 
market today. Furthermore, workshops in laboratory sessions in VISIR laboratories 
can be arranged in upper secondary schools for the teachers in STEM education. 

Future work in  

1) the VISIR electronic laboratory is to increase freedom of placing components in 
a circuit – this will provide more potential to assemble circuits,  

2) the VISIR acoustic laboratory is to place a movable microphone in the duct and 
improve its web interface,  
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3) the inclined plane laboratory will allow students to identify other factors that may 
influence the motion; a) having different material on the cube sides which comes 
into contact with the surface of the ramp e.g. nylon, acrylic and abrasive paper b) 
size of contact area and c) mass of the cube,  

4) the flipped laboratory is that the concept can be disseminated as a total concept 
or as selected parts in an international market. When the concept is validated, it can 
be expanded in terms of content (covering both basic and advanced level of physics 
courses), subject (courses in Technology or Natural science), scope (added 
functionality) or level (towards primary school and/or postgraduate level). 
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Abstract—The use of remote laboratories in courses at 
university level has been reported in literature numerous 
times since the mid 90’s. In this article focus is on activities 
carried out by teachers and students, at the Upper Secon-
dary School Level, using the remote laboratory VISIR 
(Virtual Instrument Systems in Reality). The Upper Secon-
dary School, Katedralskolan in Lund, Sweden, cooperate 
with Blekinge Institute of Technology, Sweden, in a project 
that concerns the introduction of remote laboratory envi-
ronment suitable for Upper Secondary School science 
courses. A remote laboratory in electronics has been intro-
duced and is used as a complement to the traditional work-
bench in the hands-on laboratory. Significant results from 
the project are; 1) the great interest shown by the students 
for the remote experiments, 2) the students appreciation for 
the fact that it was not simulations but actual real experi-
ments, 3) the remote laboratory is easy to implement for use 
by both teachers and students and 4) it can be used simulta-
neously by many students. 

Index Terms—e-learning, experimental work, learning 
assessment, remote laboratories 

I. INTRODUCTION 

In January 2009 started a project at the upper secondary 
school, Katedralskolan Lund, Sweden, together with 
Blekinge Institute of Technology (BTH), Sweden. The 
purpose of the project is to develop and to introduce a 
remote laboratory, suitable for science courses in upper 
secondary school, based on the online remote laboratory 
workbench, VISIR laboratory, created at the BTH. The 
VISIR laboratory is a remote laboratory (RL) created in a 
project called VISIR (Virtual Instrument Systems in 
Reality). VISIR aims at forming a group of cooperating 
universities and other organizations, a VISIR Consortium, 
creating software modules using open source technologies 
for online remote laboratories and/or setting up online 
remote laboratories. At present, the department of Electri-
cal Engineering, BTH, has four different remote laborato-
ries, in different areas, such as antenna theory, electronics, 
security and vibration analysis. It is the RL dedicated to 
experiments on electrical and electronic circuits that is 
currently used in the project between Katedralskolan and 
BTH. Its architecture and characteristics are well de-
scribed in several books and articles [1-5]. Apart from 
BTH, five universities in Europe have set up VISIR online 
laboratories for electrical experiments, 1) University of 
Deusto, Bilbao, Spain, 2) The National University of 
Distance Education, Madrid, Spain, 3) Carinthia Univer-

sity of Applied Sciences, Austria, 4) FH Campus WIEN, 
Wien, Austria and 5) Instituto Politécnico do Porto, Por-
tugal [6-8]. The Indian Institute of Technology Madras in 
India will set up one soon. A VISIR community has also 
been established. 

VISIR is a client-server architecture, where measure-
ments are carried out on a server and the instrument front 
panels are displayed on the client computer screen [5]. A 
significant difference for a remote student compared with 
a student in a hands-on laboratory is how to wire circuits 
and how to connect instruments. A remote student uses a 
suitable telemanipulator instead of a solderless breadboard 
to perform such actions [3]. VISIR specifies a relay 
switching matrix and a virtual breadboard combination 
[3]. The remote student wires the circuit and connects 
instruments on the virtual breadboard displayed on the 
computer screen. The physical circuit and the instrument 
connections are created in the matrix by controlling relays 
to setup appropriate electrical connections. Only Internet 
access and a web browser with a Flash player are required 
to access the remote experimental resources [5]. The client 
software is automatically downloaded from a web server.  

The client software is written using Adobe Flash. It is 
responsible for displaying and handling the instrument 
front panels, so the student can set up their experiment and 
view the measured response. Each front panel is based on 
a real-life instrument and should look and behave identi-
cal, as far as possible, as the actual instrument. Position 2 
in fig. 1 illustrates what is displayed on the client´s com-
puter display when the DC Power is turned on, which 
contains an interactive image of the DC Voltage level. 

 
Figure 1.   Practical session using VISIR with four steps. Position 2 

shows what is displayed on the client´s computer display when when 
the DC Power is turned on. 
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Users are then able to interact with these instrument 
images, which includes animated controls and displays, in 
the same way as they would when physically operating the 
instruments in the hands-on laboratory. Basically, the 
mouse pointer is used to click on buttons or rotate knobs 
similar to the usage of fingers in the hands-on laboratory 
to press buttons or turn knobs. The GUI presents the 
instruments with a sense of realism and functionality that 
matches the physical instruments. Front panels are inter-
changeable, so if another model of an instrument is 
needed; it is possible to select another. 

When a measurement is carried out, all the settings of 
the instruments in the client computer are encoded in a 
measurement request and sent to the server. The server 
responsible for carrying out measurement is called a 
measurement server. It is software written in C++ and has 
the responsibility to validate the settings and the circuit 
sent by the client. The server also needs to figure out if the 
circuit wired on the virtual breadboard can safely be 
implemented by the switching matrix. When everything is 
verified and safe, the measurement is carried out and the 
results are sent back to the client. The client can then 
display the results on the instruments front panels. [5] 

In a typical classroom for physics at Katedralskolan 
there are ten workbenches allowing a number of students 
to perform experiments simultaneously supervised by one 
teacher. Also, in all science-classrooms it is possible to 
have hands-on laboratory work. These classrooms are all 
equipped with a SMART Board i.e. an interactive, elec-
tronic whiteboard which can enhance instruction and 
learning and a camera connected to TV that can enlarge 
components and screens of instruments. Why introducing 
RL when the school has fully equipped science-
classrooms? The concept of a remote laboratory provides 
basically new possibilities for students to do laboratory 
work and become experimenters. Adding a remote opera-
tion option to traditional hands on laboratories make them 
more accessible for students, regardless of whether they 
are at school or at home. Remote laboratories in electron-
ics are not replacements for hands on labs; they provide a 
complement to the traditional workbenches. Remote 
laboratories are open 24/7, and the students can carry out 
laboratory assignments without any risks of damaging any 
equipment.  

Many virtual laboratories have been developed to help 
students gain understanding of new concepts by simulat-
ing physical systems. Although simulation is a useful and 
convenient teaching tool it is a poor replacement for real 
experimental work. Physical experiments provide a great 
way for students to learn more about nature and its possi-
bilities as well as limitations. The advantages of these RL 
and comparative studies between: hands-on, simulated, 
and remote laboratories have been analyzed many times. 
[9-11] 

The continuation of this article is organized as follows: 
Section II describes the activities carried out by teachers 
and students at Katedralskolan in Lund using the remote 
laboratory VISIR, located at BTH, with the emphasis on 
teaching methods. In our study during 2009-2011 two 
teachers and 94 students at Katedralskolan were partici-
pating in the project between Katedralskolan and BTH. In 
section III examples of students remote laboratory work is 
be presented. Section IV report the result of the question-
naire passed to the students, to acquire their opinion about 
the VISIR lab. Finally section V concludes the paper. 

II. TEACHING METHODS WITH REMOTE LABORATORY 

A. Upper Secondary school system in Sweden. 
Upper secondary schools, in Sweden, are divided into 

17 different national programmes with centrally defined 
programmes curricula that have between two and four 
centrally defined orientations. The programmes are di-
vided into two general categories, preparatory and voca-
tional programmes. All programmes provide basic qualifi-
cation’s to attend university, while the preparatory pro-
grammes typically satisfy a broader range of different 
special qualifications that may be required to attend some 
university courses and programmes.  

The students at Katedralskolan are distributed amongst 
three different programmes of study according to [12]:  

3-year National Programmes;  
 Natural Programme 
 Social Sciences Programme 

 

3-year International Programme;  
 International Baccalaureate. 

 

The courses that the students attend depend on pro-
gramme and orientation. The students at the science 
programme, a preparatory programme, study two courses 
in Physics, Physics A and Physics B. These two courses 
add up to ten percent of the Natural Sciences Programme 
courses. 

The 1st, 2nd and 3rd semesters the students study me-
chanics, thermal physics, optics, electric currents and 
potential difference in the physics A course. For the 
duration of approximately seven weeks they study electri-
cal and electronic circuits in this course. Reminding time, 
the 4th, 5th and 6th semesters, they attend the course 
Physics B. The content of the latter course is electric and 
magnetic fields, electromagnetic induction, alternating 
current, oscillations and waves, wave phenomena, atomic 
and nuclear physics, momentum, motion in circles, two 
dimensional motions. Eight weeks of the semesters of the 
Physic B course concerns electric fields and alternating 
current in electrical circuits with components like resis-
tors, capacitors and coils.  

Physics A and B have weekly classes of 3 hrs and the 
teacher decides when to have laboratory work, problem 
solving or theoretical classes. Students are assessed by 
two evaluation components:  by their lab work perform-
ance and by approximately five theoretical examinations 
during the course. Four grades in the examination are 
currently used in upper secondary school: Did Not Pass 
(Icke Godkänd (IG)), Pass (Godkänd (G)), Pass with 
distinction (Väl Godkänd (VG)) and Pass with special 
distinction (Mycket Väl Godkänd (MVG)). One and the 
same teacher usually give both courses, physic A and B, 
in a class with a size of approx. twenty students. 

B. The Learning Management system and Portals of 
Katedralskolan. 

Fig. 2 illustrates the four main components used at Kat-
edralskolan;  

1) INTRANET; to store and manage internal data, 2) 
PORTAL; to store and manage external data, 3) LMS, the 
Learning Management System, itslearning, with peda-
gogic contents, and 4) VISIR, the remote laboratory used  
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Figure 2.  Sites used for institutional and teaching and learning purposes 

at Katedralskolan in Lund 

for experiments on electrical and electronic circuits, 
located at BTH. All these components have an administra-
tor that may not be the same for all of them.  

When starting a new semester, the teachers have access 
to structured information on the intranet of Katedralskolan 
and the LMS itslearning, i.e. they will have access to the 
courses they will be lecturing. All the students enrolled in 
those courses will have access to teaching & learning 
materials made available by their teacher. The intranet of 
Katedralskolan is only accessible within the school area.  

To access the intranet and itslearning the teacher have 
the same user identity but with different password. The 
portal for external data is on the internet and is a public 
website. Here the physics institute of Katedralskolan can 
be accessed at http://www.katte.se/fysik/. How to manage 
the access to VISIR laboratory will be described in next 
paragraph. 

C. The VISIR laboratory 
There are three different levels of access to the VISIR 

laboratory: 1) administrator, 2) teacher, and 3) student. 
The administrator is responsible for the general manage-
ment of the system and he/she is creating courses and 
deciding the limitations of the recourses for a course. The 
system is built with a hierarchy; the administrator is 
overruling both the teacher’s and the student’s settings. As 
a teacher you are responsible for a course and handle all 
administrative tasks concerning the course such as regis-
tering students. [5] 

To start a course in VISIR requested by a teacher, the 
Administrator starts by creating the course in VISIR and 
subsequently adds the responsible teacher for the course. 
As a support for teaches using the VISIR laboratory there 
is a comprehensive teacher manual available [13]. The 
teacher then adds his/her students into this course, see fig 
3. This action simply implies copying & pasting the list of 
e-mails of the students enrolled in the teacher’s course 
from itslearning into the VISIR laboratory. The student 
then uses this e-mail to activate his /her account on VISIR.  
In the list of users, the column encircled in fig. 3, the 
teacher can see if a student has activated his/her account. 
Next step for the teacher is to create and add new prepared 
experiments for students according to the course, see fig. 
4. Here the teacher needs to be aware of the components 
physically available in the matrix, see fig. 5 [14]. The 
switching matrix is a USB controlled circuit wiring robot, 
where the student's requested circuit can be realized and 
measured on. It is built as a stack of cards (PCBs), with a 

shared bus that passes through them all. Components are 
connected through relays on what is called component 
cards, instruments on instrument cards and by controlling 
the matrix to close relevant relays the circuit can be con-
structed and the instruments connected. New cards may 
e.g. be added to the stack, when e.g. more flexibility or 
new component types are needed.  

Available components are; 
 resistances from 50 to 220 000 ohm 
 two potentiometers, 10 000 and 100000 ohm 
 capacitors from 6.8 nanofarad to 10 microfarad 
 one coil, 82 millihenry 
 diodes 
 operational amplifiers 
Available instruments are; 
 multi-meter 
 oscilloscope 
 power supply 
 function generator 

 

To add a prepared experiment i.e. a set of components 
and instruments, click "Add prepared experiment" in the 
course view, see fig. 3. You must first start the client in 
teacher mode by clicking the link, “name of the course”, 
below the headline “teacher”. In this mode, it is possible 
to select instruments displayed on the instrument shelf and 
components from the Component Library, which contains 
a photo and a description of every component defined for 
the VISIR platform. However, the component Library  

 
Figure 3.  How to add a list of users to a particular course in VISIR to 

prepared experiments. 
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Figure 4.  Top; the virtual instrument shelf and bottom; the component 

list.   

defines more components than are available in the online 
component store. The Component Library is a part of the 
VISIR open source distribution. You can display the 
component library by pressing the plus (+) sign in the 
lower right corner of the box for components in fig. 4. By 
clicking on a component in the component library, it will 
appear in the component box. If you cannot find a particu-
lar component, ask the administrator to include it. Add all 
the components given in the list of materials of your 
laboratory instruction manual. Close the component 
library by pressing the close button. After the setup is 
complete, press the save button to save your setup. Then, 
return to the webpage displayed lower in fig. 3. Choose a 
name of your prepared experiment and pick the file you 
have just saved. Finally, press the "Add" button to upload 
and add the prepared experiment to the system. 

You must verify that all the circuits to be wired by the 
students in your session are permitted to be created. Ask 
the laboratory staff for a list of the current virtual instruc-
tor rules i.e. the Max Lists. Most likely, at least some of 
your circuits will not be supported and a number of your 
components may not be present in the online component 
store. Ask the staff to include them. Now you must define 
new Max Lists in collaboration with the staff. These lists 
should not only support your experiments but also support 
all safe circuits possible to create using components of the 
online component store extended with your components. 

Examples of teaching & learning materials produced by 
a teacher are; an instruction manual for the students that 
provides them with information on how to get access to  

 
Figure 5.  The switching matrix in VISIR [13]. 

VISIR laboratory and how to use the RL for experimental 
work [15]. For the laboratory sessions the teacher writes 
lab instruction manuals, describing the experiments to be 
performed during the sessions [16-18]. All the teaching & 
learning materials will be stored in itslearning, the lab 
instruction manual as an assignment for the students. An 
assignment in itslearning indicates for the student that it is 
requested to submit a lab report. 

Another option with the RL for a teacher is to integrate 
experimental work in a theory lecture by login on to the 
website VISIR laboratory and carry out remote experi-
mental work in real time during the lecture. Thus, the 
theory for electronic circuits may be confirmed with 
experiments from the RL in theoretical lecture. The 
teacher may also have exams with exercises of experimen-
tal work using VISIR laboratory. 

III. EXAMPLES OF LABORATORY WORK 

In a study carried out during the period 2009-2011 two 
teachers and 94 students at Katedralskolan were partici-
pating in a project where Katedralskolan and BTH col-
laborate. They were divided into five groups, group A to 
group E, regarding physics course and teacher (see Table 
1). 

Fig. 1 shows a typical practical session in VISIR. It has 
four steps; configure the circuit, configure the instrument 
(DMM), run the experiment, and analyze the results. 

TABLE I.   
STUDENT GROUPS A-E. 

Group A B C D E 

Number of students 18 20 18 20 18 

Teacher 1 1 1 2 1 

Physics course A A B B B 

Performed  
experiment 

Lab1 Lab1 Lab2 Lab2 Lab3 

Time 
May
2009 

Dec 
2010 

May 
2009 

Jan 
2011 

May
2011 

 
Lab1 deals with direct current [16]. The assignments 

were: 
 Investigate the relationship between voltage and elec-

tric current, the Ohm's Law, for a component (resis-
tor or conductor) that behaves according to Ohm's 
law over some operating range. A result from a stu-
dent’s lab report is shown in fig. 6. 
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 Investigate if the current was the same before a com-
ponent as after in a circuit with two resistors in se-
ries. 

 Check Kirchhoff’s voltage and current law. 
 

The students can only use 1K, 2,7K and 10K resistors 
in different positions. All the experimental assignments 
have been prepared in advance with theory lessons for 
students and real experimental work. Before the students 
started to use the VISIR laboratory it was introduced by 
the teacher of the class, starting with a small presentation 
of the VISIR laboratory interface and a explanation on 
how to use the RL. Further, help for the Student is pro-
vided by manuals on itslearning [15]. Most of the students 
manage to carry out the laboratory assignment in school 
during two lab-session in physics the rest completed the 
assignment at home. Between two and fourteen accesses 
per student, in the course Katte on VISIR indicates the 
students’ usage of the VISIR laboratory during their spare 
time. It was compulsory for each student to write a lab 
report, where they had to include theoretical calculations, 
VISIR laboratory measurements and screen dumps of the 
circuits.  

In lab 2 the students performed labs on the RL with al-
ternating current [17]. The tasks were about:  
 Compare the impedance of the components in DC-

circuits with AC-circuits. 
 Investigate the components impedance at different 

frequencies for capacitors and coils. 
 Relative phases between various voltages for the 

components, assessed on the remote oscilloscope. 
 

The available components were; 1K, 2,7K, 10K resistors, 
82 millihenry coil and 56 nanofarad capacitor in different 
positions.  

Lab 3 Group E, the same students as in Group A, but 
now third year students that have exams with exercises of 
experimental work using the VISIR laboratory. Lab3 was 
an exam with experimental assignments on the RL, based 
on the tasks in Lab2 [18]. They were not required to 
explanation how to use the RL in the exam. Within 75 
minutes they had to do the experimental assignments. 
Every student downloaded a lab instruction guide from 
itslearning describing the three experimental assignments 
in the exam, one assignment for a DC circuit and two 
assignments for an AC circuit. They had to document the 
measurements from VISIR laboratory and a screen dump 
of the circuits into the lab instruction guide and then 
upload it to itslearning. 

IV. EVALUATION 

After the sessions a questionnaire was passed to the stu-
dents to acquire their opinion about the VISIR lab. The 
questionnaire has 13 items and covers four characteristics 
of a RL; 1) usability (Q2-Q4), 2) sense of reality (Q5-Q7), 
3) usefulness (Q1, Q8-Q10) and 4) quality of the service 
(Q11). Q12 and Q13 are open ended question. The ques-
tions in questionnaire are presented in Table 2. For each 
item in the questionnaire a mark was calculated as the 
arithmetic mean of the marks given by the students for 
that particular item, see Table 2. The majority of the 
students were satisfied with VISIR. The students showed a 
great interest in the laboratory experiments, and appreci-
ated that it was not simulations but happened in real life.  

 
Figure 6.  Result produced by a student performing Lab1, assigment1 

in the Physics A course. 

Based on the results of the questionnaire in Table II 
some conclusions can be remarked: 
 VISIR is accepted by the students as a good learning 

tool. Usefulness and usability get high marks consid-
ering not all students at this age have developed an 
interest on electrical and electronic circuits. 

 The opinion of the students of the group B is more 
positive as compared to the opinion of the students of 
group A. The VISIR-laboratory is the same, but dur-
ing 2010 a special effort was made for creating a bet-
ter manual and materials in order to provide a better 
explanation of VISIR: architecture, design, research-
ers, etc. If the students know the tool they will “trust” 
it. The fact that teacher1 had more experience of 
teaching with the RL is also likely be an argument 
for the more positive result in group B. Also, Kat-
edralskolan supplied all the students in group B with 
a personal laptop computer during their time of 
study. 

 The opinion of the students of the group D is more 
negative as compared to the other groups. The 
teacher of this group had a fairly limit experience of 
the RL. The fact that the students only used the RL 
ones, are maybe another explanation of the low 
marks. The fact that they used the RL in January and 
did the questionnaire in May the same year was 
probably not good either. 

 Q11 got low marks from three groups. Group B 
probably because the VISIR was upgraded with new 
software during their usage of VISIR in December 
2010. Some students had problem with remembering 
their password. 

 

The open ended questions answers from students were; 
Q12: Remote access to the laboratory enable you to 

perform physical experiments with similar instrument and 
components at home as in school. It feels trendy using the 
online remote laboratory and safe to know that you cannot 
destroy any equipment. It is easy to use, feels like working 
in reality and you wire a circuit very quickly. The frame-
work and the concept. Available. The devices front panels 
are similar to the devices front panels of school. Funny. 
New idea. It is pleasant to wire the circuits. You can 
perform experimental work at home. It is real experimen- 
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TABLE II.   
RESULTS OF THE QUESTIONNAIRE FOR VISIR-BTH IN 2009-2011 

  Results of the Questionnaire for usage of OpenLabs 
Scale:    1 (I not agree) – 5 (I agree) 

Group A Group B Group C Group D Group E 

  Surveys/Number of students in the course  15/18 16/20 14/15 19/20 14/18 

Q2 The remote laboratory helps me with my hands-on laboratory work. 3,0 4,3 3,4 2,4 3,9 

Q3 I have been motivated by the Remote laboratory to learn more about 
the subject.  

2,6 3,4 2,7 2,1 2,8 

usability 

Q4 It is a good idea to extend this remote laboratory to all the students. 4,2 4,0 4,0 2,4 3,6 

Q5 Using the remote laboratory, I feel it is real and not a simulation. 2,8 3,6 3,1 2,3 3,2 

Q6 I would like to have a webcam to see something at the remote 
laboratory. 

3,2 3,1 2,7 1,8 3,1 

sense of 
reality 

Q7 Being far from the remote laboratory, I have felt myself to be in 
control of it. 

3,0 4,0 2,9 2,9 2,9 

Q1 I have enjoyed using the remote laboratory. 3,0 3,8 3,0 2,1 3,2 

Q8 The remote laboratory is easy to use the first time. 3,0 3,0 2,6 2,1 3,1 

Q9 The different devices are easy to use. 3,6 3,9 4,6 2,7 3,4 

usefulnes Q10 The devices front panels at the remote laboratory are similar to our 
schools real devices.  

3,8 3,8 3,4 2,8 3,5 

quality 
of 

service 

Q11 Always when I logged in to the remote laboratory I got access to it. 3,6 1,8 3,7 1,8 1,6 

 Q12 State two things you think are positive with the remote laboratory.      

 Q13 Suggest two things that would help your teacher to improve the 
remote laboratory. 

     

 
tal work, which is more motivating and makes the as-
signment funnier. Instructive. Innovative. Easily accessi-
ble. You do not have to take out components and instru-
ments. 

Q13: A guide available when you have trouble with the 
wired circuit. Make it possible for several students to 
perform experiments together, collaborative working. 
Increase the feeling of reality with a webcam. Instruction 
manual for the breadboard. A help-square where you can 
read about the science-theory.  Make it possible to see all 
the devices front panels at the same time. Use it more 
frequently. Make it more user-friendly. Make it look more 
real. 

V. CONCLUSION 

The implications from this project are that the remote 
laboratory is easy to implement for use by both by teach-
ers and students. It is possible to integrate with the learn-
ing management system of the school. The way of carry-
ing out experimental work provides the students with 
more time for experimental work as compared to what is 
offered by the school in the hands-on lab. The workbench 
for electrical experiments can be used by many students 
performing different experiments simultaneously. It is 
convenient to use the remote laboratory when you as a 
teacher do a demonstration for the students. 

The students’ satisfaction with the RL and perception of 
the RL resulted in a proposal of improvements in the RL’s 
user interface. The majority of the students were satisfied. 
The students showed great interest in the labs, and appre-
ciated that it was not simulations but real life experiments. 

Future work in VISIR is to integrating another DMM 
that will provide more potential to assemble circuits.  
Enable the possibility to see all the devices front panels at 
the same time to enhance the RL. Make improvements in 

user interface to fit students at upper secondary schools 
better. 
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1. Introduction

In science education students’ understanding of theory seems to a 
great extent dependent on laboratory experiments proving and/or explain-
ing the theory taught in class. Moreover, the experiments provide stu-
dents with training and experience of experimenting, as well as enabling 
them to develop competences that concern: the handling of instruments 
and components, the evaluation and determination of physical parameters 
of objects, the design and use of tables, calculations, planning and imple-
menting experiments.

Hands-on laboratories are the most common forms of laboratory envi-
ronments, offering students opportunities to experiment with real equip-
ment related to education material. Another approach is using remote labo-
ratories or simulated laboratories. The paper [1] describes how the nature of 

-
tories today. The authors of [2] draw conclusions from the debate about the 
value of hands on, remote as well as simulated experimentation.

A remote laboratory (RL) is a software and hardware system that ena-
bles remote students to use real equipment physically located in a school. 
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Today remote laboratories supplement hands-on ones in science courses 
at upper secondary schools. The Virtual Instrument Systems in Reality 
(VISIR) Open Lab Platform is an architecture enabling universities and 
other teaching organizations to open instructional laboratories for remote 
access with preserved context. Seven VISIR electronic labs where stu-
dents can work and conduct experiments that can be remotely performed 
on a solderless breadboard without any risk of being harmed are online at 
seven universities globally. An active VISIR community also exists.

Katedralskolan is an upper secondary school located in Lund, in the 
southern part of Swedenand can be accessed via Internet at the address: 
[3]. The number of students at Katedralskolan is approximately 1200 and 
they are distributed among the Natural Science Programme, the Social 
Science Programme and the International Baccalaureate. In a study car-
ried out during the period 2009-2011 concerning development strategies 
and methods for implementation of remotely controlled laboratory ex-
periments, two teachers and 94 students at Katedralskolan participated. 
The results obtained from this study are reported in [4]. The majority of 

BTH. The students showed great interest in the laboratory experiments, 
and appreciated that thesewere not simulations but real experiments car-
ried out with real physical instruments and electrical circuits. Fig. 1 shows 
the locations and buildings of BTH and Katedralskolan. There is a dis-
tance of 200 km between BTH and Katedralskolan.

The students’ satisfaction with the RL and perception of the RL re-
sulted in a proposal for improvements in the RL’s user interface. After 
these improvements to the VISIR electronic lab at BTH for use in upper 
secondary schools were implemented, it was used during the 2012-2013 
academic year for electrical experiments in the courses of Physics1 [5] 
and Physics2 [5] at Katedralskolan.

This chapter presents the VISIR electronic lab at BTH extended for 
the physics courses at the upper secondary school, Katedralskolan in 
Lund. In this chapter we shall discuss the advantages and disadvantages 
of using the VISIR lab to enhance and supplement the hands-on labora-
tory in physics courses at the upper secondary school, Katedralskolan. 
Examples of laboratory work carried out in the VISIR electronic lab by 
students at Katedralskolan are given. The main purpose of this chapter is 
to serve as an introduction and inspiration to online electrical and acous-
tic experiments for teachers at upper secondary schools. The continuation 
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of this chapter is organized as follows: Section 2 describes the VISIR 
electronic and acoustic lab. In section 3 you can read about the Swedish 
education system and the teacher’s tasks in the VISIR lab. Sections 4 and 
5 provide examples of students’ remote laboratory work. Finally, Section 
6 concludes the chapter.

Figure 1

Locations and buildings of BTH and Katedralskolan

2. Introduction to the VISIR laboratory

A VISIR laboratory for experiments is more or less a replica of an 
instructional hands-on laboratory, which are common place at universi-
ties and upper secondary schools worldwide. Remote students and guest 
users can perform real physical experiments, using real instruments and 

VISIR concept involves adding a remote operation option to traditional 
instructional laboratories to make them more accessible, regardless of 
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whether the students are on campus or mainly off campus [6]. The BTH 
VISIR solution uses a unique interface enabling students to recognize and 
operate the equipment found in the hands-on laboratory. At present the 
department of Electrical Engineering, BTH, has VISIR laboratories for 
electronics [7] and for signal processing, which include experiments on 
mechanical vibrations [8] and acoustics [9]. It is the VISIR laboratories 
dedicated to experiments on electronic circuits and acoustics that are cur-
rently being used in the project between Katedralskolan and BTH. BTH 
also offers RLs based on other principles than the VISIR platform: one 
remote lab for antenna theory [10] and another for security [11]. All RLs 
at BTH can be accessed via the internet at: [12].

A. 

A.1. 

VISIR is a client-server architecture where measurements are carried 
out using a server. Virtual instrument front panels are displayed on the 
client computer screen [13
compared with a student in a hands-on laboratory is how to wire circuits 
and connect instruments. A remote student must use a suitable telema-
nipulator instead of a solderless breadboard to perform such actions [7]. 

-
nation [7]. The remote student wires the circuit and connects instruments 
on the virtual breadboard displayed on the computer screen. The physical 
circuit and the instrument connections are created in the switching matrix 
by controlling relays to set up appropriate electrical connections.

Only Internet access and a web browser with a Flash player are re-
quired to access the remote experimental resources [13]. The client soft-
ware is automatically downloaded from a web server.

The switching matrix is a USB-controlled circuit wiring robot, where 
the student’s requested circuit can be realized and measured. It is built 
like a stack of cards (PCBs), with a shared bus that passes through them 
all; the switching matrix is shown in Fig. 2. Components are connected 
through relays on what are called component cards, instruments on in-
strument cards, and by controlling the matrix to close relevant relays, the 
circuit can be constructed and the instruments connected. New cards may 
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-
nent types are needed.

Available components are:

–  resistors from 50 to 220 000 Ohm
–  two potentiometers, 10 000 and 100 000 Ohm
–  capacitors from 6.8 nano Farad to 10 micro Farad
–  one coil, 82 mili Henry
–  diodes

Available instruments are:

–  digital multimeter (DMM)
–  oscilloscope
–  DC power supply
–  function generator

Figure 2

The switching matrix
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A.2. Software

The client software is written using Adobe Flash, which is now being 
replaced successively by HTML5. It is responsible for displaying and 
handling the breadboard as well as the instrument front panels, so the 
student can set up their experiment and view the measured response. Each 
front panel is based on a real-life instrument and should look identical and 
behave identically as far as possible, just like the real-life instrument. Fig. 
3 illustrates what is displayed on the client’s computer screen when the 
DC Power Supply is activated, which is an interactive image where it is 
possible to change the DC Voltage level, for example. Users are then able 
to interact with these instrument front panels, which include animated 
controls and displays, in the same way as they would when physically 
operating the instruments in the hands-on laboratory. Basically, the 
mouse pointer is used to click on buttons or rotate knobs similar to the 

The graphical user interface (GUI) presents the instruments with a sense 
of realism and functionality that matches the physical instruments. Front 
panels are interchangeable, so if another model of an instrument is need-
ed, it is possible to select one.

Figure 3

DC Power Supply
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When a measurement is carried out, all settings of the instruments in the 
client computer are encoded in a measurement request and sent to the server. 
The server responsible for carrying out measurement is called a measure-
ment server. It is software written in C++ and has the responsibility to vali-
date the settings and the circuit sent by the client. The server also needs to 

-

measurement is carried out and the results are sent back to the client. The 
client can then display the results on the instrument’s front panels.

A.3. 

The user interface is the frontal web page of the VISIR electronic lab 
that handles all the administration, access and authentication process. It 
provides many features similar to those provided by a learning manage-
ment system (LMS) in order to facilitate the implementation of the VISIR 
electronic lab in the physics courses. The capabilities and limitation of 
these features are associated with the account types. The properties and 
the privileges of each account type are:

–  Administrator account (the lab provider) can 
  1. create contents in the user interface 

  3.  create and delete courses and add teacher responsible for the 
course 

  4.  modify or remove user accounts 
  5.  switch to “teacher view”
–  Teacher account (created by the administrator) can 
  1.  add or remove experiments
  2.  add, remove and modify student accounts 
  3.  provide a teacher with a scheduled reservation for a group of 

students 
  4.  switch to “student view”
–  Student account (created by the teacher) can
  1.  select instruments 
  2.  select experiments with prepared components 
  3.  make a scheduled student reservation
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A.4. 

The results from a survey that involved students from Katedralskolan 
concerning satisfaction with the VISIR lab at BTH and the perception of 
it [4] resulted in a proposal for improvements in its user interface. These 
improvements were implemented and now only the instruments that are 
used in the experiment are shown in the user interface. The user interface 
before and after improvement is illustrated in Fig. 4, at the top of which 
can be seen the old user interface with all instrument connectors, to the 
left and right of the breadboard, and instrument select buttons at the bot-
tom of the breadboard. At the bottom of Fig. 4 the new user interface in-
struments and components prepared for an experiment on Ohm’s Law are 
only available. Another improvement is shown at the bottom of Fig. 4: on 
the right there are two DMMs, which are used in experiments concerning 
Ohm’s Law.

In the enhanced version of the VISIR electronic lab you can choose 
-

that the providers of RL do not need to buy an expensive development 
environment. It is possible to use the language of the web browsers to 

also allow you to use the front panels in new ways, like having several 
front panels on the same web page, see Fig. 5. The use of handheld de-
vices with a touch screen also makes it possible to investigate the inter-
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Figure 4

Top: user interface with all instrument connections to the left and right of the 
breadboard and the instrument selection buttons at the bottom of it. Bottom: 

user interface with instruments and components prepared for Ohm’s Law 
experiment only
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Figure 5

VISIR electronic lab Web site based on html5

B. 

The VISIR acoustic lab is a novel and unique laboratory setup devel-
oped by BTH on the foundations of VISIR with the requisite changes 

9]. The laboratory is 
-

tal Signal Processing. The laboratory can supplement traditional experi-
ments ranging from advanced level to basic acoustic experiments suitable 
for upper secondary school students. In order to understand the laboratory 
setup and appreciate the changes made to the basic VISIR architecture, it 

B.1. 

Active noise control is a method used to control or reduce unwanted 
noise (sound), known as primary noise, by an anti-noise known as sec-
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ondary or control noise. The control or reduction is achieved by a super-
position of the primary and secondary noise resulting in a residual noise. 
Fig. 6 shows a simple ANC concept through the principle of superposi-
tion. The amplitude of the residual noise is dependent upon the ampli-
tude and phase similarity of the secondary and primary noise. To 
achieve 100% attenuation (zero residual noise), the secondary noise 
must be 180 degrees out of phase and equal in amplitude with respect to 
the primary noise. The same concept is applicable to vibration control. 
Active control of sound or vibration is preferred in applications where 
the passive methods are unpractical or unfeasible for implementation. 
For example, in heating ventilation and air conditioning (HVAC) sys-
tems, low frequency noise is controlled actively as passive methods 

low frequencies [14], [15].

Figure 6

Illustration of the ANC concept using superposition

The idea of ANC is simple but in practical application the primary 
noise and the surrounding environment are usually non-stationary, 
therefore, the controller which generates the secondary noise must keep 
track of these variations in real time and hence, the ANC must be adap-
tive. One such class of adaptive controllers is the feed forward adaptive 
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controllers. These controllers are comprised of a Finite Impulse Re-

adaptive algorithm, for example, the Least Mean Square (LMS) algo-
-

tion, such as the instantaneous residual noise power [15]. The term feed 
forward means that the controller is supplied by some prior information 
on the primary noise, known as reference signal. Fig. 7 shows the feed 
forward adaptive control applied to noise in HVAC ducts shown as 

-
ous residual error, e(n), sensed by a microphone, known as error micro-
phone, and the reference signal (primary noise), x(n), is sensed by an-
other microphone, the reference microphone. The controller output, 
y(n), is given to a loud speaker to generate the secondary or control 
noise and d(n) is the desired signal, the primary noise at the point where 
the superposition of the noises take place. The physical equipment -mi-
crophone and loud speaker etc.- introduces, between the electrical sig-
nals y(n) and e(n), the so-called Forward path, F, in the system. The 

an estimate of the Forward path, F’. The forward path is estimated be-

Figure 7

A simple feed forward active noise control system for a heating ventilation and 
air conditioning duct
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B.2. 

The VISIR acoustic lab is developed for a single-channel feed forward 
control system and is shown in Fig. 7. The equipment required for a nor-

equipment needed for remote control will be presented. The overall VISIR 
acoustic lab is shown in Fig. 8. The equipment required for the remote 
controls are shown in light grey while the rest are shown in dark grey.

Figure 8

Block diagram of the remote VISIR acoustic lab, showing the interconnection 
of the equipment

Laboratory equipment: The plant P is a 4.05m long circular duct nor-
mally used in HVAC systems, with a 315mm diameter. There are four 
reference microphones and one error microphone (VM-6052-5382) in-
side the duct to sense (measure) reference and error signals. It may be 
noted that, being a single channel controller, only one reference micro-

-

in the duct. For instance, any one of the four microphones may be used as 
a reference microphone to control noise at an Eigen frequency of the duct. 
The primary and secondary noises are generated by two loud speakers 
(Fostex-6301B3) placed at each end of the ventilation duct. A four-chan-
nel dynamic Signal Analyzer (HP36570A) is used both as signal source 
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for the primary noise speaker and for analysis of the control, as well as for 
other microphone signals.

The adaptive controller is implemented on a digital signal processing 
(DSP) board (TMS320C6713DSK) by Texas Instruments. To increase 
the number of input and output channels, a mini data acquisition board 
(S. Module 16-100) by SEMATIC is connected to the DSP board via a 
mini-bus interface. The data acquisition board provides four differential 
analog inputs and four analog outputs with 16 bit resolution. Although 

-

Technologies is used to enhance the signal conditioning demanded by 
ANC applications.

Equipment for remote control through the Internet: The laboratory is 
based on client server architecture, similar to other remote laboratories 
based on the VISIR open source platform. The server can be divided into 
two servers based on the tasks they perform [6].

Measurement and Equipment server: The Measurement and Equip-
ment server, developed using C++, is responsible for connecting the 
equipment and making measurements in the lab remotely. The Signal 
Analyzer is connected to the server through the General Purpose Interface 
Bus (GPIB). The microphones and loud speakers are connected to the 
server via the switching matrix, which itself is connected to the server 

-
ule, supplied with an Active X control, is integrated with the server by 
initializing a separate thread.

Web server: The web server hosts the GUI or remote client as web 
pages, through which the student accesses the remote lab.

The remote client: Similar to other web-based remote control sys-
tems, students access the VISIR acoustic lab via a remote client or graph-
ical user interface (GUI). There are two main tasks in the remote VISIR 

-

adaptive controller on the DSP board. For each task there is a separate 

Web-Based Development Environment respectively. The former, devel-
oped using Hyper Text Markup Language (HTML) and JavaScript, is 
shown in Fig. 9. The Adobe FLASH front end for the Signal Analyzer is 
embedded in the HTML web-page. When the VISIR acoustic lab is ac-
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-
grated Development Environment (IDE), as shown in Fig. 10. The IDE 
provide interaction with the Code Composer Studio (CCS) by Texas In-
struments, installed on the server, through LabVIEW’s Test Integration 
toolkit and Web Publishing tool. Only basic functionalities such as pro-

downloading the code to DSP are available. To run this client, the user is 
required to install the freely available LabVIEW Runtime Engine by Na-
tional Instruments for their browsers.

Figure 9

acoustic experiment
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Figure 10

A snap shot of the Web-Based Development Environment used during an ANC 
controller implementation

3. Teacher’s tasks in the VISIR lab

A. An overview of the Swedish education system

The Swedish education system comprises a number of types of 
schooling and education, designed for individuals of different ages and 
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with differing needs and abilities [16]. All youths in Sweden who have 
completed compulsory school are entitled to a three-year upper second-
ary school education. Upper secondary education provides a good foun-
dation for vocational activities and further studies, as well as for personal 
development and active participation in society. Upper secondary school 
consists of three different types of program:

1) 18 national programs each lasting three years. They are divided 
into upper secondary foundation subjects, subjects common to a program, 
orientations, program specializations and a diploma project, 2) Five intro-
ductory programs for pupils who are not eligible for a national program 
and 3) Education that deviates from the national program structures; spe-
cial variants, program based on national recruitment and nationally ap-
proved sports programs (NIU).

Upper secondary school has a six-level grading scale from A to F 
-

ing scale and knowledge requirements should lead to clear information 
and a fair and balanced assessment of students’ work. Grades are awarded 
based on the goals and knowledge requirements set out in the syllabuses. 
A teacher awarding a grade should not compare a student’s performance 
with others in the class, but assess how well each student has achieved the 
goals of the course. Grades cannot be appealed against. The teacher 
awarding the grade should also be able to inform the student of the rea-
sons for the grade assessment.

B. The courses Physics1 and Physics2

The national Natural Science Program is intended for students who 
wish to work with natural sciences. The program provides the founda-
tions for further studies in natural sciences, mathematics, technology and 
social sciences in higher education.

-
gram and it covers everything from the interaction of the smallest parti-
cles of matter to the origins and structure of the universe. The core con-
tents of Physics 1 are: 1) Mechanics, Kinematics and Dynamics, 2) 
Electricity, 3) Thermodynamics and 4) Nuclear Structure. The core con-
tents of Physics 2 are: 1) Mechanics, Kinematics and Dynamics, 2) Elec-
tricity and Magnetism, 3) Optics and Waves and 4) Atomic Structure.
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Why does the natural science program include experimental work? 
On the basis of systematic observations and experiments, physics strives 
to discover basic principles that can be expressed mathematically in mod-
els and theories. In the aims of the subject it is written: “the teaching in 
the subject of physics should give students the opportunities to develop 
the ability to design, carry out, interpret and report experiments and ob-
servations, and also the ability to handle materials and modern engineer-
ing tools”. This course aim, experimental work, is also required by uni-
versities and possibly in future employment.[5]

In Physics 1, the students have three hours per week of class spread 
over one and a half years, a total of 150 hours, and in Physics 2, the stu-
dents have three hours per week spread over one year, 100 hours in total. 
A single teacher usually gives all the lessons in a course. The number of 
students is approximately twenty. The teacher decides when to have labo-
ratory work, problem solving or theoretical classes. Students are assessed 
by two evaluation components: their lab work performance and theoreti-
cal examinations during the course.

C. The learning management system of Katedralskolan

New technologies, in particular the internet, provide teachers with many 
interesting tools that can be used to improve the teaching learning process. 
E-learning platforms (also known as a learning management systems (LMS) 
are a software system designed to support teaching and learning. An LMS is 
especially useful when teaching Science in general and Physics in particular 
because it allows implementation of objects of many kinds, such as links to 
remote laboratories which can be used for laboratory work and animations 
which can be used to dynamically show many physical situations and con-

The LMS, Itslearning, has been in use at Katedralskolan since 2009 
and provides tools for assessment, communication, uploading of content, 
return of students’ work, administration of student groups, question-
naires, tracking tools, chats and forums over internet. Itslearning enables 
teachers to follow the evolution of the learning process and to know the 

 Every student at Katedral-
skolan has unlimited access to Itslearning resources because they have 
computers at their disposal at school..
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D. 

There are preparations to be done by the physics course teacher in the 
both in Itslearning and in the VISIR lab.

Itslearning:
The teacher’s task in Itslearning is to design and structure the Its-

learning-course with the following contents;

–  a link to the VISIR lab
–  an instruction manual and/or video clip for students that provides 

them with information on how to gain access to VISIR lab and how 
to use the VISIR lab for experimental work

–  experiment instruction manuals, describing the experiments to be 
performed during the sessions

–  a discussion forum
–  a folder, of every type of assignment, where the students can return 

their results from the experiment

The teacher’s tasks in VISIR electronic lab:
The course in the VISIR electronic lab is started by the administrator 

by request from the teacher. The administrator adds the teacher responsi-
ble for the course. As a support for teachers using the VISIR electronic 
lab, there is a comprehensive teacher manual available [17].

The teacher then adds his/her students to this course, see arrow C in 
Fig. 11. This action simply implies copying and pasting the list of e-mails 
of the students enrolled in the teacher’s course from Itslearning into the 
VISIR electronic lab. The student then uses this e-mail to activate his/her 
account in the VISIR electronic lab. In the list of users, arrow B in Fig. 
11, the teacher can see whether a student has activated his/her account.

The next step for the teacher is to create and add newly prepared ex-
periments (arrow A in Fig. 11), i.e. a set of components and instruments, 
for students according to the course. Here the teacher needs to be aware 
of the components physically available in the matrix. A prepared experi-

the system in the students’ course, it becomes available to the students. 
The teacher must verify that all the circuits to be wired by the students in 
his/her session have permission to be created. The teacher may ask the 
laboratory staff for a list of the current virtual instructor rules i.e. the Max 
Lists. It is most likely that at least some of the circuits will not be sup-
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ported and a number of the components may not be present in the online 
component store. The staff responsible for the VISIR lab can include the 

-
port the teacher experiments but also support all safe circuits possible to 
create using components of the online component store extended with the 
teacher components.

Figure 11

Teacher view of course physic 1 in VISIR electronic lab for electrical 
experiments

E. 

The student starts with login at the VISIR electronic lab website at: 
[18], choose his/her course and then click on the prepared experiment, i.e. 
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a set of components and instruments. As a support for students at Kate-
dralskolan using the VISIR electronic lab at BTH, there is a student man-
ual available at the address: [19]. A typical practical session in a VISIR 
electronic lab has four steps:

3. run the experiment, and
4. analyse the results.

4. Electronic experiments

In a study carried out during the period of 2009-2011, two teachers 
and 94 students at Katedralskolan were participating in a project in which 
both Katedralskolan and BTH collaborate. The students were divided into 

-
perience from remote experiments are reported in [4]. The majority of the 

showed great interest in the laboratory experiments, and appreciated that 
they were not simulations but happened in real life.

After some improvements in the VISIR electronic lab at BTH for use 
in upper secondary schools, it now has been used for electrical experi-
ments in Physics 1 and Physics 2 at Katedralskolan in Lund, Sweden. So 
far, the VISIR electronic lab has had more than 150 registered users from 

another physics teacher at Katedralskolan. The tasks to be carried out by 
the students in the VISIR electronic lab were compulsory in the physics 
courses. The experiments had been prepared beforehand with theoretical 
lessons and real experimental work for the students. In Physics 1 the ex-
periments deal with direct current and in Physics 2 alternating current.

A typical hands-on experiment used to start the Physics 1course is 
when a student investigates the relation between voltage and current in a 
circuit with a nonlinear component, a light bulb. In the VISIR electronic 
lab component library there is no nonlinear component. It is not possible 
to place a light bulb in the matrix because the time of measure is too short 
for the bulb to warm up. However, there are other components that do not 
follow Ohm’s Law that can be placed in the VISIR electronic lab.
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A. 

In this experiment the student’s task is to investigate the relation be-
tween voltage and current through a component in a DC circuit. The stu-
dents follow the instruction and when they have set up the experiment, 
they press the “Measure” button to carry out the measurement. To ana-
lyze the result they use a calculator program.

The experiment instruction for the student:
Begin by building your circuit, see Fig. 12. Connect the 2.7k resistor 

to the power supply in series with the digital multimeter (DMM1) used as 
an ampere meter. Place the other digital multimeter (DMM2) in parallel 
to the resistor and set it to measure volts. Set the power supply to 0.5V, 
measure and observe the results on the instrument displays. Vary the volt-
age from the power supply from 0.5 to 6V and document the voltage and 
current from 8 different measurements. Draw a graph of the voltage as a 
function of the current. Calculate the resistor based on the graph.

Figure 12

Left: The circuit for experiment Ohm’s Law. Right: The circuit in VISIR 
electronic lab

B. 

Frequently, students at upper secondary level do not know that the 
current is the same in the circuit before and after a component. It is pos-
sible for them to check this out in this experiment.

The experiment instruction:
Electric current is measured in amperes. To measure current, you 

must connect the two leads of the ammeter in the circuit so that the cur-
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Question: Does it matter where you insert the ammeter in this circuit. 
Do you get the same current reading whether you insert the ammeter be-
fore, between or after the resistors?

Method: Connect the 1.0k-resistor and the 2.7k-resistor to the power 
supply in series with the digital multimeter (DMM1) used as an ammeter, 
see Fig. 13. Set the power supply to 5 V and read the value displayed on 
the instrument for the three different positions of the ammeter, see Fig. 13.

Conclusions. Theoretically Calculate the current with Ohm’s Law 
and compare the result with the measured data.

Figure 13

Circuits for experiment: measuring current in different positions

C. 

The principle of conservation of electric charge implies that, at any 

circuit, top of Fig. 14, the students can investigate whether this is true. In 
-

vidual students measuring the current going through the 1000 Ohm resistor.
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Figure 14
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D. 

The principle of conservation of energy implies that the directed sum 
of the electrical potential differences (voltage) around any closed net-
work is zero. The sum of the voltage sources in any closed loop is equiv-
alent to the sum of the potential case in that loop. Voltage case is easy to 
measure. With the circuit, at the top of Fig. 14, the students can measure 
voltage case over resistors and work out if Kirchhoff’s voltage law is true.

E. 

Alternating current (AC) is ubiquitous not only in the supply of pow-
er, but in electronics and signal processing too. The students can perform 
laboratory work in the VISIR electronic lab with alternating current and 
answer some of the questions:

1.  If impedance is voltage over current, why is it different from resis-
tor? Let the students investigate impedance at different frequen-
cies for capacitors and coils.

2.  What is the RMS value? The students can use a DMM and the 
oscilloscope to measure the ratio between the peak value of volt-
age and the RMS value of voltage over a resistor.

3.  How can the voltage over a resistor and a capacitor in series be 
added? The addition is complicated because the two are not in 
phase. Let the students investigate relative phases between various 
voltages for the components, assessed on the remote oscilloscope.

Available components are: 1kOhm, 2,7kOhm, 10kOhm resistors, 82 
mili Henry coil and 56 nano Farad capacitor.

F. 

Experimental examinations using the VISIR electronic lab have ad-
vantages over hands-on laboratories. Firstly, you can have 20 students 
experimenting at the same time. The time consumed in preparing hands-
on laboratories does not exist for the VISIR electronic lab if you have 
used the lab beforehand with the students. Moreover, you do not have to 



154 CLAESSON, KAHN, ZACHRISSON, NILSSON, GUSTAVSSON, HÅKANSSON

examine the students’ circuits at the same time if you require the students 
to print the screens of their experiment setup with the instruments and 
their circuits constructed on the breadboard. The students can easily up-

when marking the examination papers, you can discover what kind of 
problems the students have, for example, 1) incorrect setting of measure-
ment range on the instruments, 2) they have connected the ammeter as a 
voltmeter or vice versa, or 3) incorrect circuit. To prevent eventual cheat-
ing, individual examination might be used.

5. Acoustic experiments

Apart from the active noise control experiments, which are more suit-
able for university level education, several acoustic experiments are also 
possible on the HVAC duct, primary speaker, microphones and the Signal 
Analyzer setup. The equipment setup for acoustic measurements is shown 

-
ration Client shown in Fig. 9 is required. Only one of the four reference 

-
ent for single channel measurements using ch1 of the Signal Analyzer. 

Figure 15

The acoustic setup of the VISIR acoustic lab. The connection 
 

are also shown
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The error microphone, together with the Analyzer Signal Out signal at ch2 
and ch1 respectively, can be used for two channel measurements. This 
setup has the advantage that the Signal Analyzer generated signal, which 
is to be the input to the primary speaker, and the measured signal of the 
error microphone can be analysed simultaneously for comparison etc.

The Signal Analyzer is powerful measurement equipment and can be 
-

esting and informative experiments according to the needs of his/her stu-
dents. Below are a few examples.

A. Basic conceptual measurements

-

module as desired. The microphones can be used to measure the sound 
pressure in the duct. It must be noted that being a prototype, in the online 
version of the Signal Analyzer, not all the functionalities are enabled. 
This means that certain acoustic measurements, such as octave analysis 
and hence sound pressure level (SPL) or dBSPL measurements, are not 
possible. The following are a few experiments suitable for upper second-
ary school students related to the basic concepts they may have already 
become acquainted with in the classroom.

B. Study of acoustic signal properties

The students can visualize a particular sound, e.g. a sine, random and 
Chirp waveforms, using the laboratory setup. The frequency and ampli-
tude variation of these signals can be seen on their computer screens and 
they can listen to them via the computer loudspeaker, which may prove to 
be very exciting and informative for the students.

C. Peak, RMS, Power and dB measurements

Upper secondary schools students can verify the basic concepts as-
sociated with sine, cosine sound (signals). They can generate a sinusoidal 
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signal form the Signal Analyzer, measure the signal using a microphone 
and display the same sound on the Signal Analyzer. They can verify the 
relationship between the peak, RMS and mean square (average) values of 
the signal by simply selecting the display parameters. The students may 
easily plot and hence see the same signal in dB scale and thus improve 
their understanding of the dB units for power and voltage signals, a con-

dB measurement is shown in Fig. 16.

Figure 16

sinusoidal sound signal in dB

D. Wavelength and frequency relationship

Similarly, by changing the frequency of a waveform from the ana-
lyser, a student can verify the inverse relationship between the wave-
length and frequency using the speed of light formula.
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Where c is the speed of light, f is the frequency and l is the wave-
length of the waveform. The understanding of this concept, widely used 

measurement performed in the VISIR acoustic lab is shown in Fig. 17.

Figure 17

Illustration of a sinusoid sound signal in remote Lab experiment, to understand 
the wavelength and frequency relationship

E. Sound pressure measurements

Once a student is able to measure the electrical signal using the Signal 
Analyzer, the teacher may provide the students with a sensitivity value 
for the microphones, in order to measure the sound signals as pressure 
signals. The sensitivity, such as mV/Pa, is stored in the Signal Analyzer. 
The students can read the signal directly in pressure units, i.e. Pascal us-
ing the Signal Analyzer display tools, and verify his/her analytical calcu-
lations.
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F. Plane wave propagation

Although this cannot be treated as an experiment, the teacher may 
help the students to understand the plane wave propagation for sound 
signals. The pressure variations sensed by the microphone can be used 
to explain the plane wave propagation at a particular microphone po-
sition.

G. Propagation time or determining the speed of sound

The students can compare a sound signal generated from the Signal 
Analyzer with the sound signal measured by the error microphone at the 
same time by using two display screens of the Signal Analyzer using two 
channels. The time difference between successive peaks may be utilized 

error and a reference microphone. The experiment using two channel 
measurements is shown in Fig. 18.

Figure 18

Illustration of determining the speed of sound in an acoustic experiment 
performed remotely
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H. Advanced level

By advanced level it is meant here that experiments are suitable for 
university students but may be utilized by upper secondary school stu-
dents, if necessary. As mentioned previously, some of the important 
acoustic measurements, e.g. SPL or dBSPL, are not possible in the online 
version of the Signal Analyzer, but they can be added in future and hence 
the range of advanced level acoustic experiments can be expanded.

H.1. 

and mode shapes associated with acoustic systems. The concept is sim-
ilar to mechanical systems where the mass, spring and damper are usu-
ally well understood as compared to the complex wave equations in 
acoustics. The laboratory facility may be used to help students under-
stand the Eigen frequencies and mode shapes for an acoustic system. 
Based on the dimensions, i.e. the length and diameter of the duct, the 

resonance frequencies f
r
 for the duct of length L, open at both ends us-

ing the formula;

 f
r

integer number. Using the formula, the Eigen frequencies of the duct used 
are 79, 158 and 234 and so on. These Eigen or resonance frequencies can 
be estimated by exciting the duct using a random noise from the Signal 
Analyzer. In the Signal Analyzer the student can select a frequency re-
sponse function plot between the Signal Analyzer signal and the error 
microphone signal. The peaks in the FRF show the resonance frequencies 
of the duct in the selected frequency range. The FRF plot using the VISIR 
acoustic lab is shown in Fig. 19. One resonance frequency, i.e. 80 Hz, is 

of the experiment. The number of resonance frequencies can be limited to 
plane wave region, if desired, by limiting the frequency range of the Sig-
nal Analyzer. The number of resonance frequencies can be limited to 
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-
ings by generating a periodic signal having the same frequency as one of 
the duct resonance frequencies and vary its frequency slightly while 
keeping its amplitude constant.

Figure 19

The measurement of the FRF for determining the Eigen frequencies of the duct. 

The student may also investigate the mode shapes or standing 
waves associated with the resonance frequencies. For example, he/she 
can plot the standing waves in the duct using equation. The reference 
microphones are strategically placed in the duct so that the micro-
phones can measure the maximum of a standing wave or a mode shape, 
as shown in Fig. 20. The student can verify the existence of a standing 
wave by selecting an 80 Hz sinusoid signal for example, and measure 
it with reference microphone3. Without changing any other parameters 
except the measurement microphone, he/she should obtain maximum 
amplitude on reference microphone 3, as compared to microphones 1 

is at the maximum of the standing wave of 80 Hz. This experiment as-
sumes that all the microphones have the same sensitivity, but in reality 

with care.
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Figure 20

Illustration of the acoustic modes inside the duct and the positioning of the 
reference microphones inside the duct

H.2. 

These experiments are similar to the basic acoustic pressure measure-
ments. The desired signal, e.g. a single sinusoid or a random signal, may 
be generated by the Signal Analyzer. The desired spectrum of the meas-
ured signal can be displayed in the Signal Analyzer using appropriate 
display parameters including averaging, windowing and overlapping etc. 
As an example the student can measure the PSD of a random signal, as 
shown in Fig. 21.
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Figure 21

Screen shot of the signal analyzer when PSD of a random sound is plotted using 
the VISIR acoustic lab

6. Conclusion

The implications of this project are that the VISIR laboratories are 
easy to implement for use by both teachers and students and it is possible 
to integrate with the learning management system of the school. The way 
of carrying out experimental work provides the students with more time 
for experimental work as compared to what is offered by the school in the 
hands-on lab. The workbench for electrical experiments can be used by 
many students performing different experiments simultaneously. It is 
convenient to use the remote laboratory when you as a teacher do a dem-
onstration for the students. The more an experimental a setup used by a 
teacher is, the more new possibilities for experiments will emerge.

Future work in 1) the VISIR electronic lab is to increase freedom of 
placing components in a circuit–this will provide more potential to as-
semble circuits-, and in 2) the VISIR acoustic lab is to place a moving 
microphone in the duct and improve its web interface.
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Abstract— This paper describes a remote implementation of 

Galileos inclined plane experiment, focused on secondary school 
students. A remotely controlled inclined plane has been designed 
and implemented in the VISIR lab at Blekinge Institute of 
Technology (BTH), Sweden. In this demo session, it will be 
demonstrated how to perform measurements remotely in the 
remotely controlled Inclined Plane Laboratory. A web camera is 
used to show the experiment. Data concerning the distance a cube 
has slided down the inclined plane are collected. These data are 
stored in a file and can subsequently be analyzed by the students. 
The friction acting on the cube sliding down the inclined plane 
and its acceleration may for instance be investigated.  

Keywords— experiment; inclined plane; remote lab; secondary 
school student; 

I.  INTRODUCTION 
This paper presents a low cost remote lab of an inclined 

plane experiment. The main goal of the remote lab project is to 
develop laboratory equipment at Blekinge Institute of 
Technology (BTH), concerning a remotely controlled inclined 
plane. And introduce the developed lab for students at an upper 
secondary school in Lund, Sweden.  

The students can remotely initiate inclined plane equipment 
via a computer connected to the equipment, see Fig.1. A web 
camera is used to show the experiment. The students chooses 
an angle of the inclined plane. Data may be collected on the 
distance a cube has traveled sliding down on the inclined plane.  
The data is stored in a file and can subsequent be analyzed by 
the students.   

For a more advanced remote inclined plane setup and 
equipment [1] may please be considered. The authors in [1] 
analysis the impact of using this learning tool on motivation 
and knowledge gain. 

BTH currently have remote labs in areas of electronics [2] 
and acoustics [3] used by teachers in physics courses at upper 
secondary school Katedralskolan in Lund, Sweden.[4]  

Galileo Galilei is considered to be one of the fathers of 
modern science due to his extensive research in astronomy and 
physics[5]. One of his greatest contributions involved 
accurately measuring the effect of gravity on free falling 
bodies. Galileo hypothesized that a falling object would gain 

equal amounts of velocity in equal amounts of time, which 
meant that its speed increased at a constant rate as it fell. There 
was one problem, however, in testing this hypothesis: Galileo 
could not observe the object's free falling speed and at this time 
required technology was not available to record such high 
speeds. As a result, Galileo tried to decelerate its motion by 
replacing the falling object with a ball rolling down an inclined 
plane.  

II. LAB EQUIPMENT SETUP 
The inclined plane lab equipment in its default state with 

zero degrees inclination is illustrated in Fig. 2. In Fig. 3 the lab 
equipment of the inclined plane with  degrees inclination is 
illustrated. Furthermore, Fig. 3 shows a cube with mass m,
0.1234 kg, traveling down the inclined remote lab tunnel at an 
angle . The edge length of the cube is 0.025 meter. The tunnel 
acts as the inclined plane and is fully transparent, i.e. the cube 
can easily be seen as it is moving inside the tunnel. The length 
of the tunnel is 0.535 meter. An experiment starts automatically 
when an angle of the plane is selected in the computer.  If the 
angle, , is sufficient the cube will start slide down in the 
tunnel. At the end of an experiment the cube is moved back to 
its start position.  

The inclined plane equipment is connected to a PC via a 
standard USB cable, and the RS-232 communication protocol 

 

 
 

Fig. 1. The real lab equipment of the remote inclined plane at BTH. 
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is used. The input (angle ) and output (the distance a cube has 
slipped down the inclined plane) is processed by an Arduino 
microcontroller board.  

Based on input, an angle , the linear actuator in Fig. 2 sets 
the desired angle while the electromagnet in Fig. 2 is holding 
the cube. After the tunnel in Fig. 2 is properly tilted to the 
selected inclined angle the photocell in Fig. 2 checks that the 
cube is still in place, subsequent the electromagnet in Fig. 2 is 
turned off, and the measurement i.e. distance from ultrasonic 
sensors in Fig. 2 begins. The distance between the cube and the 
ultrasonic sensors is measured with frequency of 20 Hz and the 
number of samples is 80. From displacement measurements the 
instantaneous velocity can be calculated as well.  

III. THE INTERFACE FOR REMOTE CONTROL  
The interface for remote control is an ordinary HTML5 

web page, on which the user can see a live camera view of the 
laboratory, control the settings of the experiment and view the 
result as a graph after an experiment has been carried out. 
Because each experiment takes approximately 1.5 minutes to 
complete, each time a new measurement is initiated from the 
web page it needs to be queued until the rig is ready to run the 
experiment. While waiting, the user can see an estimate of the 
time to completion on the web page. 

IV. STUDENT LABORATORY WORK. 
One dimensional motion is a fundamental concept which is 

applied throughout all levels of physics, but is especially 
prevalent in Newton’s classical mechanics.  

In Fig. 3 you can see the three forces acting on the cube, 1) 
Frictional force Fr, 2) Normal force N, and 3) force of gravity 
Fmg. The force of gravity can be replaced by two forces, F2 
parallel to the inclined plane and F1 vertical to the inclined 
plane. If the cube is at rest or moving with constant velocity the 
upward frictional force must be equal to F2 the tangential 
component of the force of gravity. If the cube is accelerating 
we have according to Newtons Second Law  

 F2  Fr = ma (1) 

A student assignment was for a given input angle , in the 
interface of the remote inclined plane, watch the experiment on 
the live camera. Subsequently download the excel file with 
displacement measurements versus time and calculated 
velocity versus time. Using Microsoft Excel the student 

continuing with analyzing the data with; 1) distance – time 
graph and 2) velocity – time graph. The questions that can be 
investigated experimentally with the equipment available is 
determining acceleration a of the cube and friction force Fr 
acting on the cube.  

V. CONCLUSION 
This paper describes a simple and inexpensive but 

interesting remote implementation of Galileo's inclined plane 
experiment, focused on secondary school students. But 
problems were detected with the equipment. It takes too long 
time when the linear actuator setting the angle. At the end of an 
experiment the cube sometime did not move back to its start 
position. Improvements of the interface for the remote control 
inclined plane at BTH are in process. Future work will allow 
students  to identify other factors that may influence the 
motion; 1) having different material on the cube sides which 
comes into contact with the surface of the ramp e.g. nylon, 
acrylic and abrasive paper 2) size of contact area and 3) mass 
of the cube. 
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Fig. 2. An illustration of the lab equipment of the inclined plane.  
1 – Linear actuator, 2 – Electromagnet, 3 – Photocell, 4 – Cube, 5 – Axis 
of rotation, 6 – Inclinometer, 7 – Tunnel, 8 – Ultrasonic sensor 

Fig. 3. Forces acting on the cube:   
Frictional force (Fr), Normal force (N), and force of gravity (Fmg) 
Fmg is replaced by two forces, F2 parallel to the inclined plane and F1 

vertical to the inclined plane. 
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Abstract. The manufacturing industry are dependent of engineering expertise.
Currently the ability to supply the industry with engineering graduates and staff
that have an up-to-date and relevant competences might be considered as a chal‐
lenge for the society. In this paper an education approach is presented where
academia - industry - research institutes cooperate around the development and
implementation of master level courses. The methods applied to reach the educa‐
tional goals, concerning expert competence within remote diagnostics, have been
on site and remote lectures given by engineering, medical and metrology experts.
The pedagogical approach utilized has been flipped classroom. The main results
show that academic courses developed in cooperation with industry requires
flexibility, time and effort from the involved partners. The evaluation interviews
indicate that student are satisfied with the courses and pedagogical approach but
suggests more reconciliation meetings for course development. Labs early in the
course was considered good, and division of labs at the system and the component
level. However further long-term studies of evaluation of impact is necessary.

Keywords: Engineering education · Flipped classroom · Smart home and health ·
Diabetes · Scientific literacy · Engineering competence · Academia - industry ·
Expert competence · Metrology · Internet-of-Things

1 Introduction

Engineering skills and competences that are desired from industry are important to inte‐
grate in the education system. This is to increase the employability of engineering grad‐
uates as well as to provide an education platform further education adequate also for
engineers active in industry. In the end, this is expected to result in increased competi‐
tiveness, productivity and innovation rate within the industrial system. The importance
of recruiting staff with suitable competences has been examined in several studies, for
example in an EU study from 2010 [1].

In engineering, there is a gap between the skills developed at universities and the
skills required by the industry [2]. Academia has an important role in bridging this gap.

© Springer International Publishing AG 2018
M.E. Auer and D.G. Zutin (eds.), Online Engineering & Internet of Things,
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The strength in academia in combined with the competences in industry seems to be a
given success for society. However, the “art” of creating academic courses at an expert
level that are of relevance to industry is a challenge in itself.

According to Xia in [3], there are possibilities to link research and teaching for a
win-win situation. Xia mentions that combining education, work experience, and knowl‐
edge generation in work-integrated learning provides students with opportunities for
learning to be a professional by working and communicating with professionals.

Universities and companies are increasingly working together to define new degree
and certificate programs. For example, Harris Corp. worked closely with the Florida
Institute of Technology to develop a master of science program in systems engineering
providing a M. Sc. Degree with complementary enterprise architecture certificate. Other
examples are for instance the DARPA Grand/Urban Challenges and the Association for
Unmanned Vehicle Systems International, Autonomous Underwater Vehicle Competi‐
tion, where industry, government, and academia partners address real world prob‐
lems [4].

A common way to increase competences in industry is to procure courses from other
educational or industrial partners. Today Internet provides both free online courses and
courses providing higher education credits, see e.g. Study, MOOC-List and FutureLearn
[5–7].

The MOOC-List provides a collection of Massive Open Online Courses offered by
different providers. To facilitate learning and training activities e-learning provides a
way that also meet today’s demand on learning to be conducted anywhere and at any
time. In [8] the phenomena of MOOCs are described, placing them in the wider context
of open education, online learning and the changes that are currently taking place in
higher education at a time of globalization of education and constrained budgets. Chang
presents in [9] a high level review concerning e-learning and proposes the use of inter‐
active learning as a recommended method for staff training in industry and academia.

In the [10] EU initiative ICo-op, Industrial cooperation and creative engineering
education based on remote engineering and virtual instrumentation, interesting
approaches within the focus of this ongoing project remote diagnostics is presented.
With the logical frameworks, laboratory settings and similar set an example of possible
approaches within academia-industry cooperation.

The intention with our approach to develop and implement master level courses in
collaboration with industry and research institutes is to complement the existing
approaches and to build novel types of collaboration to further extend the expert compe‐
tences to increase the innovation capacity. In this paper we introduce an education
project focusing on academia - industry - research institutes collaboration concerning
the production of engineering courses in smart home and health applications directed
towards expertise for innovation.

We describe, the principles applied, the pedagogical approach, the setup, the educa‐
tional goals and the laboratory settings. Within the framework of this Knowledge Foun‐
dation (KKS) funded project, “Remote Diagnosis - online engineering, at master level”
BTH students and in particular employees of the companies participating in the project
but also other professionals in the industry, were able to attend the newly designed
distance learning courses in Measurement and Sensors [11]. KKS the research financier
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for universities with the task of strengthening Sweden’s competitiveness and ability to
create value [12].

The project is divided into three categories (a, b and c) based on the following areas:
(a) Electric power transmission, (b) Mechanical power transmission and (c) Smart home
and health applications. Furthermore, the design of three courses within in the area of
smart home and health applications will be described in Sect. 2.

Online Engineering can be described as methods to control and monitor physical
equipment, but also smart home and people, remotely over the Internet. In Sect. 3 the
experimental setups in the remotely controlled laboratories and the design of the instruc‐
tions for the experimental work in the remote laboratory will be described.

Furthermore, the pedagogical design, Flipped Classroom, implemented in the
courses will be discussed in Sect. 4. Flipped Classroom is a form of blended learning
which encompasses any use of Internet technology to leverage the learning in a class‐
room, providing teachers with more time to spend on interacting with students instead
of lecturing. This is commonly implemented with e.g. the aid of teacher-created videos
that students may study outside their scheduled time for lectures [13, 14].

Finally, in Sect. 5 the result of a questionnaire answered by students enrolled in the
courses will be presented.
This study aims to answer two questions;

• How can academia make engineering courses of relevance to industry?
• How can we make use of resources in academia such as laboratory resources, and

flipped classroom as pedagogical approach to reach the educational goals?

2 Outline of the Courses in Smart Home and Health Applications

The courses are divided into two blocks, one block that covers methods for diagnosis
and one block concerning technology for remote diagnosis. The courses in the block
concerning methods for diagnosis are based on each other while the courses in the block
which covers technology can be studied independent of each other. Each course with
green frame in the block diagram shown in Fig. 1 results in 3 European Credit Transfer
and Accumulation System credits (ECTS-credits), except for the Ethics and Architec‐
ture’s lecture series. One academic year corresponds to 60 ECTS-credits.

The course block that concerns methods for diagnosis is divided into three special‐
izations; Mechanical systems, electrical systems and Smart homes and health applica‐
tions. Each course consists of six lecture sessions (2 × 45 min), six exercises (1 × 45 min)
and one laboratory session (3 × 45 min). Each course is given during a period of eight
weeks. Each course is given as a distance course and includes experimental work on
remotely controlled experimental setups. Thus, the lab assignments in the courses are
carried out remotely. Adjustments to the course schedule were made based on interest
from the companies involved. The courses include application modules and these can
be adjusted according to the participants’ interests.

Furthermore, the first time a course was given within the project only employees
form the companies participating in the project attended the course. The second time a
course was given both students from academia and industry may attend the course.
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The pedagogical approach utilized was Flipped classroom, in essence, the students
were provided with course material before each lecture, and the lecture focused on
deeper discussions and analysis concerning the course subject. In some of the courses
an inquiry was compulsory for the students to fill in before each lecture. The enquiry
was used as a tool to identify if the students had read and understood the lecture material.

In essence the considered courses within Smart home and health applications were
as follows.

2.1 Course 1: Technical Metrology

The technical metrology course was held in cooperation with the SP Technical Research
Institute of Sweden. SP works close in cooperation with industry and academia, and
evaluate technologies, material, products, and process and provide an effective link
between research and commercialization [15]. Metrology is a special niche for SP, it is
Sweden’s national metrology institute.

In the course 11 students participated, company representatives. The course was
divided into three courses corresponding to the subject division in the project with elec‐
trical, mechanical and smart home & health applications.

The whole series of lectures in this course followed the well-known quality-assur‐
ance loop (originally formulated by Deming) [16]. Lecture 1 - A general lecture with
common concepts were held, furthermore specifics related to the different focus areas
were presented. Lecture 2 - Metrology with human, Lecture 3 - Temperature, fall and

Fig. 1. Block diagram of the courses developed in the project and how different courses and areas
of expertise support a remote diagnostic system. Real equipment, with control, calculations and
automation inside blue frames and courses inside green frames.
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moisture, Lecture 4 - Introduction to measurement uncertainty, Lecture 5 - Decision-
making and Lecture 6 - Decision-making: Human cases.

The lectures in general were structured as follows, in Flipped classroom.
Lecture 1, for example:

• Introduction to metrology - basic concepts.
• E-tivity: Introductory Metrology. E-tivity is a term coined by Professor Gilly Salmon

to describe a framework for facilitating active learning in an online environment [17].
An E-tivity involves learners interacting with one another and with the course tutor
in an online communication environment, e.g. Adobe Connect, in order to complete
a particular task.

• Spark: Pre-recorded lecture, video on group work, video presenting whole course.
• Learning objectives: – Why measure? – How to measure? – What decisions are based

on measurements?
• Task: – Study the material on the LMS Its learning, pre-lecture, videos – This lecture –

Complete assignment 1 and submit it by Its learning.
• Learning resources: – Videos, pre-lecture, this lecture,
• Respond to others: Group work, video presenting the whole course.

2.2 Course 2: Analysis and Modeling 1

Participants were both students and company employees, and in the curriculum to the
course “Analysis and modeling of smart home and health applications” the learning
goals were described. Thus after completing the course the student should have acquired
the following knowledge and understanding:

• demonstrate an understanding of the use of systematic methods for modeling of
technical systems in the application of smart home and health systems

• understand the principles of modeling of sensors, actuators and modeling of smart
homes and health systems

• understand the general characteristics of dynamic technical systems
• understand the use of simulation as a method to analyze the technical system char‐

acteristics
• understand the system properties that include measurements on people

The activities in the course were structured accordingly. Furthermore, as a part of
the pedagogical approach, i.e. flipped classroom, the students had access to a prerecorded
metrology lecture with specialist and students’ comments focusing on measurements
with persons, measurements on humans and humans as measurements instruments.

Demands for skills and competences for engineering students. Given this, the prac‐
tice to perform real world engineering laboratory experiments as an important part to
provide engineering skills need a focus of its own. Today, many academic institutions
offer a variety of web-based experimentation environments, so called remote laborato‐
ries (RL), that support remotely operated physical experiments. These are new tools
enabling universities to provide students with free experimentation resources without a
substantial increase in cost per student.
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At the end of 2006, the Department of Applied Signal Processing at BTH started a
project known as Virtual Instrument Systems in Reality (VISIR) together with National
Instruments in USA and Axiom EduTech in Sweden to disseminate the online work‐
bench concept created at BTH using open source technologies in collaboration with
other universities and organizations [18, 19]. Apart from BTH, five universities in
Europe have set up VISIR online laboratories for electrical experiments, (1) University
of Deusto, Bilbao, Spain, (2) The National University of Distance Education, Madrid,
Spain, (3) Carinthia University of Applied Sciences, Austria, (4) FH Campus WIEN,
Wien, Austria and (5) Instituto Politécnico do Porto, Portugal [20–22].

Lecture 1 Introduction
The course was introduced and the curriculum and course layout were presented. Flipped
classroom as pedagogical approach were presented, as were the course structure with
lectures, experimental work, literature, schedule, grading and expectations on the
students. In all the lectures the course leader holding Ph.D. in computer science were
present, thus holding an engineering perspective throughout the course.

Lecture 2 Smart Home Systems
This lecture was focusing on systems level of smart home and health systems. This to
provide an overview of the challenges of smart home systems and the specifics of an
expert working with state of the art in technology and implementation aspects. A stra‐
tegic selection of a technical manager from industry working part time both in a small
size and a large size company with smart home technologies was made. His competence
and up to date skills on system and application level were put into action while assem‐
bling and adding/removing sensors to smart home system IRL during the lecture. After
the lecture discussions with a student concerning specific technical implementation
details were performed. Giving the student answers and indications towards further
competence and development.

Lecture 3 Patient Personalization
A student on a technical study program having diabetes type 1 discussed engineering
support solutions for visualizations of information and measurements and automation
of inserting data and information. He spoke from the need perspective, how he functions
and his interests and requirements from a personalization perspective. Engineering of
application and web were presented and discussed from requirement engineering
perspective, and implementation perspective. Different functions and ways of displaying
of measurements were discussed. Brief focus upon the social sharing of data were also
part of the lecture. Interesting discussions between student-lecturer and between students
were initiated based on diabetes, course literature and the personalized competence
perspective. Several questions revolved around measurements and when to take them
optimally, and which factors that impacts blood sugar.

Lecture 4 Sensor System (Engineer and Entrepreneur Component Level)
This lecture was given in the lab environment in a small company. The lecturer was an
industry development manager having the skills as an entrepreneur on a large company
now having his own smaller company taught on component level. App and sensor

Expert Competence in Remote Diagnostics 443



engineering were discussed in detail from an application perspective in the research
front. Specific laws, rules and regulations, street smart perspectives as well as attitudes
and ethical acceptance models were discussed. Furthermore, engineering solutions that
were less successful and domain and staff related changes were presented. The students
were engaged in the discussions, and participated fully and expressed positive words as
signs of insights made from the lecture and the discussions. Specific engineering
descriptions about how the sensor were engineered and user interface discussions were
made. Presentations of personalized unidentified data with discussions about personal‐
ization, histogram and individual bio-rhythmic were made, see Fig. 2.

Fig. 2. Sensor based bio-rhythms of individual anonymized personal data with time on the x axis
and number of events on y axis.

Some discussions on personal bio-rhythms and personal patterns in behavior were
made. Also prediction and change of behavior models were presented from a perspective
of personalization. Predictions are a prioritized area for innovation in EU context. Reli‐
ability in measurements and complexity in interpretation of data, how to read and under‐
stand statistics and histogram corresponding to the learning goals of ‘general charac‐
teristics of dynamic technical systems’ and ‘system properties that include measure‐
ments on people’.

A clear innovation perspective was put and the lectures out on the company in the
company lab were productive and appreciated. However small tech obstacles were to
be handled during the process.

Lecture 5 Medical Doctor and Researcher Expert on Diabetes
A medical doctor, specialist and also a researcher in diabetes gave a lecture on the basics
of diabetes and more advanced aspects of diabetes. A strong discussion concerning what
is technical possible today and what is desired as functions from a medical perspective
were performed.
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2.3 Course 3 - Analysis and Modeling 2

This course was only given to company employees in cooperation with industry and
were iteratively evaluated, i.e. suggestions for topics, lectures and after the lectures
comment for improvements were given. The lectures contained input from a PhD thesis
with focus on gesture recognition technologies, awarded the Chester Carlsson the
Swedish Engineering price. The labs were to apply to the participants own industry and
based on the smart home IoT lab at BTH. Methods for diagnose within healthcare were
presented. Within the lectures the essence within smart home architectures, measure‐
ments uncertainty - metrology, system architecture, IoT, open systems, technology for
measurements of movements of motion for example accelerometer, skin cancer, diabetes
and the flipped classroom approach were presented.

3 Lab Settings and Design of Lab Exercises

3.1 Smart Home Lab Architecture and Settings

Laboratory exercises represent an ideal scenario for engineering students to comprehend
through the application in actual situations of fundamental concepts and to analyze,
synthesize, and make judgments based on evidence.

The smart home lab is situated at BTH in Karlskrona. The physical lab structure
is similar to an ordinary furnished flat. A basic one room apartment with entrance,
hall, one living room with a bed, toilet and kitchen, see Fig. 3. Hygiene facilities is
however excluded i.e. shower or bathtub and a washing machine. Standard sensors
available on the market are used. They were selected based on requirements given
by the functions and to be less as well i.e. multiple sensors to have as few sensors/
actuators as possible. They are ubiquitous and merged into the environment i.e.

Fig. 3. The architecture of the smart home lab. X11 – sensor Fibaro: light, temperature and motion,
10 – sensor VISION: toilet door, open – close, 9 – sensor, Fibaro, living room, door, open – close, 7 –
motion detector, SP814-1
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engineered to blend in. Thus a person may in principle pass through the whole apart‐
ment without observing the sensors/actuators.

The lab setting has been engineered in cooperation with industry, thus it is an indus‐
trial platform with on the market sensors and software solution in use in everyday smart
home applications more specifically in care homes or in elderly and/or disabled persons
home/s. The system includes remote control and functions enabled via a smart phone.

3.2 Laborations 1 and 2 Platform

The platform in the lab were based on standard solutions on the market, but specially
compiled to suit the experimental work in the course. The wireless protocol used is Z-
wave, which is used to transmit the sensor events to the gateway, where all sensor data
is collected [23]. The gateway translates the sensor events into MQTT events, a wide-
spread publish/subscribe protocol, commonly used for IoT applications, which makes
it easier to integrate the solution with other systems. Several services use the MQTT
protocol to monitor what is going on in the experiment apartment. One of these is saving
all events to a database and can be queried from there by a simple web interface. In
Fig. 4 the graphical representation of the smart home sensors including the integration

Fig. 4. Smart home lab environment, sensor/actuator log.
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of the smartphone fall detection application and geographical position to inform where
the fall has taken place are visualized.

As a proof of concept for simulating an elderly person falling down in their home,
a set of automation rules were written, to keep track of where in the apartment the person
was and to automatically notify when and where a person had fallen.

As MQTT is used by many different companies in IoT, it was interesting to see if it
could be integrated with other solutions. The basic protocol is always the same, but the
structure and naming of the events differ slightly between operators. The IBM IoT plat‐
form was one case study where it was shown that commands on their MQTT broker
could be translated and sent to and from the smart home gateway, making it possible for
solutions running in the IBM cloud to interoperate with the smart home system.

The reason for selecting z-wave are from an academic - industrial perspective, and
in one of the lectures in the smart home & health applications course a detailed presen‐
tation and discussion about other industrial standards, advantages and disadvantages
were presented. A bridge to IBM open system on GitHub has been engineered.

3.3 Design of Lab Exercises 1

The first laboratory experiment concerned in essence interpretation of activities in the
home based on the real time updates of the log of the sensors/actuators. The students
were given the architecture of the room and the functions of the sensors and how they
were placed.

A fundamental part of a smart home environment is to manage the sensors/actuators.
These can be represented using different visualizations or interfaces. In this lab, we have
developed various types of sensors and representations of the sensors when they are
activated. The lab is to you to try to identify what is happening in the smart home based
on what the sensors detect.

Learning Outcomes: To be able to interpret events, understand the complexity of
events from the sensor/actuator data and try to understand how the sensor data is visual‐
ized, how often data is sent, the format in which, depending on the measure/register/
identify.

Describe the events on the basis of what you think goes on in the lab.
Review and discuss which events really carried out in the lab.
Is it a reasonable visualization, logging of events linked to what they measure?
Can it be done better?

Discuss issues such as thresholds, timestamp, updating of sensor data, the sensor is
activated, visualization, interface, representation etc. Use literature and other relevant
literature.

3.4 Design of Lab Exercises 2

Learning Outcomes: To understand and manage large amounts of data to manage data
files and visualization.
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There are large amounts of data that can be used in the home appliance and health
applications [24]. Some are open, others are locked in the example. Various companies
and public bodies. To access, manage, visualize and understand this type of data is a
desirable qualification in the home appliance and health applications. Use the resources
available within the application, Diabetes, to develop a research question and visualize
data and services related to this application.

In the smartphone application in the Fig. 5 the accelerometer was presented. The
students downloaded the app themselves and then used it remotely and got access to the
log and could follow the lecture on threshold values.

Fig. 5. Visualization of accelerometer x, y, z positions in smart phone app. This application of
accelerometer data is measuring the accelerometer movements in fall. Discussing how service
personnel can be empowered by the functions of knowing if a person is standing up or falling,
enabled by remote diagnostics. Accelerometer attached to body in smart phone or on smart clock
and safely alarm on wrist.

Furthermore, we used two large companies’ standard solutions on IoT and meas‐
urements and metrology for the lab.

4 Flipped Classroom Outline

Initially, it is important to prepare students what the pedagogical method Flipped Class‐
room is. The teacher in a course starts with an introduction and explain what education
method flipped classroom implies to the students. This part is very important to get active
students in the online lectures.
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In the course Analysis and modeling of smart home and health applications, in a
learning management system Its Learning, a student finds materials to read at least one
week before each session. The materials contain compulsory quiz to be answered.

The teacher can document which material the students had shown interest in before
lesson, but it was not possible to see if it really was read by students or just downloaded.
To find out if the documents was read, not just downloaded, a quiz were sent out to the
students. The quiz to be completed by the students contained information that must be
solved by the students. The number of correct answers could then give an indication to
if the students had read the article or the material before the lesson.

Furthermore, the students can provide feedback on whether the material needed to
be updated or adapted to their situation or wishes of content.

5 Results

After the sessions a questionnaire was passed to the students to acquire their opinion
about the courses. The questionnaire had 5 open ended questions. In total 17 students
responded to the questionnaire. The questionnaire in its full form and the answers to it
are presented below.
Questionnaire.

1. Did you find the course had relevance to the industry your working in?
2. If, what kind of job do you have, for example, business, academia, self-employed?
3. Has this course given you the opportunity to combine work with studies, if so, how?
4. What did you think about getting articles and study questions before you entered the

lecture? (Pedagogical approach Flipped classroom)
5. What is your opinion about the lab exercises 1 and 2?

The open ended questions answer from students were;

1. Yes (8), No (8), I do not work (1).
Comments from 7 students: The course has clearly been relevant! The course was
built on the “flipped classroom” and been so open has suited me very well. Person‐
ally, I appreciated the openness and formlessness (that’s the best word I am going
on right now) the issues very much, because by its nature given me a “nudge in the
right direction,” while they were big enough (not to be “lookup issues “), and made
room for me and my way of working. I definitely think that through my work with
the course got a good overview of smart home and its applications for health and
feel far better equipped to possibly one day working in the fields. IoT. I can develop
in my work, but most interested in self-interest. Not linking right now but work with
similar tools and I will hopefully get use of the education in future.

2. Automotive Industry (5), Calibration Technician (1), IT industry (3), Electrical
Engineer (3), Health Centre (1), Science Center (1) Manufacturing (1) and
Production (1).

3. Very good because assignments deadline was at the end of the course and it was up
to each individual to plan their work. Did thesis at the same time and was thus outside
and worked during daytime. I spent 1-2 h a week on the studies associated with the
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course. Had no time for the course. Did not read the course at all because I did not
have time.

4. The pedagogical design Flipped Classroom suits me very well.
5. Very good! I liked that the first lab was early and with the layout. It gave me the

inspiration to think about smart home opportunities and span, present and future
situation, etc. Thought about other lab because I had to go a little deeper in a quite
specific application, and work on the sensor level. The laboratory then supplemented
each other very well (a general laboratory system-level, application-specific labo‐
ratory component level) and inspired at least me (again, thanks to data transparency
and formlessness) to think freely and to take it beyond the assignments.

6 Conclusion

Academia usually educates students, in this approach a novel way to educate regular
students and industry staff has been performed. Furthermore, for increased competence
as a level of expertise for innovation for the already employed in engineering industry.

Conclusively, the answers to the two questions are as follows;
How can academia make engineering courses of relevance to industry?

• Hard to find students holding the requirements
• Hard to find students having the time being a student and performing work in parallel
• The production line of the companies needs to be taken into consideration (that is

holding a product deadline are main priority for the companies)
• Trust
• Business awareness
• Measuring innovation - over time - how
• Education platform - how to reach students - how to measure their process

The questionnaire reveals that equal number of persons had found the course of
interest to the industry they worked in as not of interest. In the second question of how
we can make use of academic resources of flipped classroom as pedagogical approach
to reach the education goals, one challenge has been to encourage the students to go
through the preparatory material in advance. The tools used by the teachers for meas‐
urement in the learning platform show if the student downloaded the literature, but not
if the student has read and understood the literature, it has been complemented with a
survey. A survey holding questions that potentially can be answered correct if the given
literature has been read.

Meanwhile, flipped classroom technology lead to greater effectiveness through a
more active learning. Some specific goals, the most active learning way, was that:

• Encourage students to more rules-bound prepare for each lesson
• Helping teachers to better identify students’ difficulties in good time to adjust the

learning
• Helping students to develop a stronger “need to know”
• Establish an interactive environment in the ‘classroom’
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Further work and approaches towards evaluating education approaches of relevance
to industry are of interest and much needed from several countries as one approach in
bridging the gap of persons holding competence of relevance for industry.
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Abstract. The educational phenomena studied in this paper is remote-
controlled physical laboratory environments and their applicability in upper
secondary school physics education. In order to gain a better understanding of
the situation and needs regarding laboratory activities in the upper secondary
school, eight physics teachers were interviewed at six different schools. This
revealed that the resources for laboratory activities vary between schools and
may be inconsistent with the Swedish National Agency for Education curricu-
lum. Furthermore, 165 upper secondary school students answered a question-
naire survey regarding subject preferences, program choices, views on
technology and self-ability, and approach to technology and technology-related
situations. The acquired knowledge provides a basis concerning the needs and
conditions of teaching and learning within the subject of physics. This new
knowledge motivates the development of the Flipped laboratory concept that is
introduced in this paper, based on remote-controlled physical laboratories, for
upper secondary school.

Keywords: Remote laboratory � STEM education � Physics education � Upper
secondary school � Flipped laboratory

1 Introduction

There is a substantial shortage of technicians and engineers in Sweden [1]. Attracting
more women to engineering is one way to approach this problem, and research shows
that equal recruitment and staffing contribute to positive business results [2]. Fur-
thermore, the level of competence in the technology-related sector needs to be
increased, but the number of engineers graduated annually is not sufficient to meet the
needs of industry. The number of students in Sweden who graduated with a bachelor or
master’s degree in engineering was 6,440 in the academic year 2017/2018 [3]. Of
these, 32% were female. The total number of students enrolled in university engi-
neering programs was approximately 39,500 in 2018. The finishing rate is thus low,
and only about half of the enrolled students receive a degree [4]. The proportion of
students in upper secondary STEM programs has remained stable over a five-year
period: of the total upper secondary school students, about 12% are enrolled in Natural
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science (N) programs and 8% in Technical (T) programs, a total of about 74,000
students [5]. In N and T programs, approximately 83% and 68% respectively enters
post-secondary education. Still, there is a substantial potential to increase the propor-
tion of students who start STEM related programs and thereafter move on to post-
secondary education. At the same time, there is a downward trend in young people’s
general interest in technology-related education, and in particular, it is observed that
students’ interest in technology is decreasing with age [6]. It is thus important to ensure
that students choose STEM programs also in the future, and to encourage their interest
in STEM subjects at an early stage. Potential areas for improvement can be found in the
core business itself, i.e. the STEM education, and in particular laboratory and other
kinds of practical work.

Equal laboratory resources, regardless of school or geographical location, is one of
the necessities for increasing the number of young people and adults who have relevant
knowledge, skills and abilities in the STEM field. The laboratory teaching must also be
attractive and understandable for all students regardless of background and gender. One
way to achieve this is to link technology with emerging societal challenges, i.e. putting
technology understanding in a societal perspective. Flexible learning in the form of
distance-based teaching, flipped classrooms and student-centered learning is seen by
many as the future of learning [7–9], and are thus enablers for reaching these goals.

This paper reports on findings from a nine-month long feasibility project, in which
the current state of Swedish STEM education on upper secondary school level and
future possibilities to improve the education by the means of technical and digital
solutions was investigated. The overall aim was to enable STEM education on equal
terms for upper secondary schools in Sweden, e.g. by ensuring laboratory resources for
all schools, teachers and students. The overall goal was to reach good and relevant
education for all, and increased technology-related competence. A conceptual solution,
Flipped laboratory, is proposed that fulfil the aim through modern pedagogy and
technology. Remote-controlled physical laboratory environments based on the VISIR
(Virtual Instruments Systems In Reality) concept comprise an important part of the
solution, as they will arouse interest via computer and/or smartphone for experimenting
with measuring instruments, and experimental objects, and provides students the
opportunity to prepare for scheduled laboratory exercises. Learning becomes less space
dependent; the students can do the laboratory work at home, before and after a lesson,
which strengthens the students’ self-esteem in technology related learning activities.
This, in turn, can contribute to increase students’ interest for higher education in
STEM. A critical factor is that teachers feel comfortable with and can use the support
effectively, which is why we also focus on upper secondary school teachers’ skills
development in the intended solution.

The educational phenomena studied in this paper is remote-controlled physical
laboratory (RL) environments and their applicability in upper secondary school edu-
cation. Educational remote labs are real laboratories that can be controlled over the
Internet via a computer, mobile device, or tablet, without installing any new software,
or requiring physical laboratory facilities. The RL can be used as support and com-
plement to regular teaching in upper secondary schools. International initiatives that
address similar areas to our project are LabsLand, VISIR+, PILAR and REMLABNET:
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• LabsLand [10] offers different top-quality laboratories from different providers
across the globe, for many educational levels and subjects.

• The VISIR+ [11] project aims to define and develop a set of educational modules
comprising hands-on, virtual and VISIR remote lab, combined with calculus, fol-
lowing an enquiry-based teaching and learning methodology, in electrical and
electronic circuits’ theory and practice.

• The PILAR [12] project suggests a solution that aims to interconnect all VISIR
systems with each other, in order to create a grid of laboratories shared and accessed
by all participants, expanding and empowering the existing systems to a new level
of service and capacity.

• REMLABNET [13] is a Remote Laboratory Management System for the inte-
grating and management of remote experiments for starting university level and
secondary schools.

In this paper, the focus is on understanding the needs and conditions of STEM
education in Swedish upper secondary school, and especially teaching and learning
conditions within the subject of physics. The understanding is necessary for further
design of the Flipped laboratory concept. The main goal is to propose a solution design
that addresses the needs and conditions of laboratory-intensive STEM education within
Swedish upper secondary school.

2 Study Description

The feasibility project used a theory-informed, iterative and interdisciplinary approach.
Statistics from Statistics Sweden and the Swedish National Agency for Education,
analysis of similar concepts, interviews with teachers and a questionnaire survey have
been used as a basis for the concept development. In order to gain a better under-
standing of the situation and needs regarding laboratory activities in the upper sec-
ondary school, eight physics teachers were interviewed at six different schools. The
gender distribution amongst physics teachers was rather equal, see Table 1. All schools
had both male and female teachers and the ratio of female teachers ranged between
29% and 67%. The average of female physics teachers in Sweden is 28%.

Table 1. Gender distribution for the interview objects

School 1 School 2 School 3 School 4 School 5 School 6

Female physics teachers 2 1 1 4 4 6
Male physics teachers 5 1 2 2 5 13
% female students 52 63 10 60 51 33
Program N N T N N N/T
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A questionnaire survey was designed for upper secondary school students
regarding subject preferences, program choices, views on technology and self-ability
and approach to technology and technology-related situations. The questionnaire was
distributed in classes on second year in four different programs in the schools referred
to as 1, 3 and 5 in the interview study. A total of 165 upper secondary school students
answered the questionnaire (originally, 168 responses were recorded, but three of these
were blank except for the first question regarding gender, and therefore excluded from
the study). The quantitative results were statistically processed using variance analysis
while qualitative results were processed using content analysis. Table 2 describes the
study participants and the response rate for the questionnaire study.

In addition, a market survey was made, in which relevant stakeholders and similar
projects were investigated using structured database searches as well as internet sear-
ches. Findings from the reviews, the interview study and the questionnaire study were
summarized in the form of a SWOT analysis for the Flipped laboratory concept. The
Flipped laboratory concept has thereafter been developed and designed to meet iden-
tified needs. The development was made by an interdisciplinary project team and
included functional as well as non-functional design dimensions of the solution. First,
the area of focus was determined, i.e. which course and learning objectives to address.
Thereafter, the main pedagogic approach was designed in the form of thematic sce-
narios. Finally, the design of remote laboratories to be included in the scenarios was
determined.

Table 2. Participants in the questionnaire study

Students,
total

Female
students (in
%)

Students
in year 2

Study participants Response
rate (in %)Male Female Other

Technical program,
School 3

217 10 79 53 7 3 80

Natural science
program, School 1

358 52 127 10 18 0 22

Natural science
program, School 5

551 51 142 10 8 0 13

Social science
program, School 5

402 63 182 13 35 1 27

Humanistic
program, School 5

41 88 8 1 5 0 75

School/program
not stated

1 0 0

Total 538 88 73 4 31
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3 Feasibility Analysis for the Flipped Laboratory Approach

3.1 Results from the Interview and Questionnaire Studies

Upper secondary school education is regulated in the syllabuses for the upper sec-
ondary school, Gy11, which describe the prerequisites for teaching in general and in
syllabuses that define content as well as learning objectives for each course. In Gy11,
laboratory parts in the natural science courses have received a greater emphasis. The
natural science courses perceived by teachers and students as hard because of the dense
content and required mathematical competences. An example is the course Physics1,
which is compulsory for natural science and technology programs. The interviewed
teachers describe that the students do not have sufficient foundations for mathematics
as well as laboratory and experimental activities, but also that they lack study technique
to set up their studies effectively. Some students also lack motivation in general to
study the subject. In other words, there is a need to create better conditions for students
to acquire knowledge and skills in the subject of physics.

The interviewed teachers did not recognize any direct differences in activity or
cognitive competences with respect to gender in the student group. The students on T
and N programs who answered our survey expressed that they are both interested in,
and good at, STEM subjects, see Fig. 1. The ANOVA variance analysis showed no
significant differences between genders in terms of interest or perceived ability,
although the mean for male students was higher as compared to the female students for
both questions. However, differences were found between programs: students in the
natural science program were more interested in, and good at, STEM subjects than
other students, while social science students were less interested and valued their
knowledge lower for these subjects.

Fig. 1. Interest and perceived self-efficacy
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Favorite subjects, on the other hand, are in the STEM sciences for male students
and in the humanities and social sciences for female students. Male students appreciate
practical, theoretical, logical, structured, and scientific subjects that have distinct
answers and that create understanding. Future usability is also important. Female
students appreciate creative, challenging and analytical subjects and subjects that
require problem-solving ability. In other words, female students do not associate
characteristics such as analytical and problem-solving with STEM subjects, suggesting
that a different approach is needed to support especially female students’ interest and
learning for STEM. In addition, female students experience negative emotions (typical
feelings are cautious, insecure and afraid) when they face STEM related situations to a
greater extent than male ones (typical feelings are happy and interested), see Figs. 2, 3
and 4. This is one reason for the thematic approach to the solution.

The interview study revealed that resources for laboratory work vary between
schools. Some schools have good access to laboratory classrooms and equipment,
while others only have very basic equipment. Especially expensive or dangerous
equipment may be missing. Although the curriculum defines the total number of hours
for the course, the number of hours students receive for laboratory teaching varies.
Causes of variation include access to laboratory classrooms and equipment, but also the
opportunity to split the class into smaller groups. Besides the lack of resources, a
number of different problems with laboratory activities were described by the teachers.
Technical problems were mentioned, such as computers that are malfunctioning or
complicated equipment, as well as problems with installation. Moreover, it takes time
to develop and design suitable laboratory work, time that some teachers do not feel they
have as the number of hours for preparation and teaching is limited: “I must cover all
the material in the book”. Some subject areas are perceived as very theoretical, and it

Fig. 2. Emotions regarding new technology
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could be difficult to develop practical work to cover the content. In smaller schools, the
lack of colleagues to discuss and cooperate with was a problem. There are also
problems associated with assessment of laboratory work.

Fig. 3. Emotions regarding group work

Fig. 4. Emotions regarding explanation or presentation
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In other words, in order to achieve the learning objectives, support is especially
needed for laboratory education; students need to have adequate time for laboratory
work as well as help to acquire knowledge and skills, and teachers need to be able to
offer adequate laboratory work even with limited resources, as well as help in assessing
the outcomes. In the interviews, the Flipped laboratory concept was described, and the
respondents were asked to give examples of suitable areas for the concept. Following
areas were mentioned:

• Electricity - Electrical Power.
• Radiation theory - Radioactive radiation.
• Acoustics - Interference and standing waves.
• Mechanics - Distance, velocity and acceleration to describe motions.
• Atomic physics - spectroscope, lattice, spectral lamp.

3.2 Results from the Market Analysis

There are a number of publishers on the Swedish market with the focus on education
material for upper secondary schools. Main part offer digital learning materials, often in
the form of an electronic version of the paper book with additional services such as
speech synthesis or digital diagnoses. Three publishers currently have digital learning
materials in the area of Science and Technology aimed at the T and N programs, of
which two actors are partly focused on the relevant area (N/T) and have a technical
solution that is suitable for the development of the Flipped laboratory concept. One
publisher offers digital education materials, integrated with an online-based encyclo-
pedia. Another publisher offers a digital physics book, but also provides a digital
comprehensive solution for teaching containing theoretical material, pictures, films,
diagnoses and laboratory exercises. The laboratories are in the form of tutorials for
physical labs, with the possibility of submitting a digital laboration report. None of
these actors currently provides digital laboratory exercises in the form of simulating or
remotely controlling the laboratories through the online solution. Pasco, Vernier, Texas
instruments and National Instruments are examples of companies that supply physical
laboratory equipment, for example in the form of components and data logging sys-
tems. Several of the companies provide complete environments and supporting
materials for teachers. A trend seen in several solutions is wireless communication.
Suppliers with complete environments are in first hand interesting for the implemen-
tation of the Flipped laboratory concept.

Online-based laboratory environments can be either simulated or real-time based,
of which remotely controlled environments are of the latter type. A number of Euro-
pean and international universities have developed online laboratories, including Ble-
kinge Institute of Technology (BTH), University of Deusto, Universitat Politecnica de
Catalunya and The Open University (UK). Main part of the remote laboratory envi-
ronments are research or development projects, such as PILAR, the Virtual Instruments
Systems In Reality (VISIR) and VISIR+ [11, 12, 14]. The electronic laboratory
Openlabs [15] developed by VISIR at BTH has been used and evaluated at upper
secondary school in Sweden. Evaluations show that the laboratory is easy to use and
the design appeals to the students. Internationally, there are 18 VISIR labs used by both
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colleges and upper secondary schools. An ongoing EU project, PILAR [12], proposes a
solution that aims to connect all VISIR systems with each other. Another project,
VISIR+ [11], is covering the broad field of Electrical Engineering. The aim is to define,
develop and evaluate a set of training modules containing practical, virtual and remote
controlled experiments, the latter supported by a VISIR lab. The VISIR electronics lab
has already been developed into a platform for open laboratories, and has experience
built up via the e-learning laboratory. Collaboration partners for this project can
therefore be found in existing consortia without any competitive situation.

There are several other interesting initiatives internationally such as Olabs [16] in
India. OLabs provides experiments in physics, chemistry and biology for students in
classes 9 to 12, with content adapted to NCERT/CBSE and the national syllabus.
A number of lessons in biology, chemistry and physics are offered, with simulated
laboratory exercises as part of the learning material. Another is the Remote Laboratory
Management System, REMLABNET [13], which integrates and maintains remote
controlled laboratories for upper secondary and university level in collaboration with
Go-Lab [17]. The Remlab was developed when the demand and use of equipment from
the Internet School Experimental System, ISES [18], was very large. The EU project
Open Discovery of STEM Laboratories [19] has developed MOOCS aimed at students
aged 12–18, one of which uses the VISIR environment for laboratory work. Most
laboratory environments have been developed for post-secondary education. There are
few commercial actors, but LabsLand [10] is one initiative that offers remote real-time
laboratories. LabsLand offers laboratory access to educational organizations and private
individuals through a platform service. A real laboratory might be a small arduino-
powered robot in Spain, a study of a particle’s movement in Brazil, or a lab that can
measure radioactivity in Australia. You can connect and share a lab from your own
university or just buy the service and get access to all labs. LabsLand does not own and
manage the labs, but the organization or company that shares their labs through the
platform has full operational and maintenance responsibilities. LabsLand is an actor
that is of interest to this project, in that their platform enables international
dissemination.

3.3 SWOT Analysis for the Flipped Laboratory Approach

The flipped laboratory is an extension of the pedagogical method flipped classroom,
where information is transferred to the students before they come to class. In the flipped
laboratory the students can access theoretical content that allows them to understand
the practical work in the remote laboratory. The content can be reading text or view a
recorded part of a teachers lecture. The flipped laboratory is a student-centered
environment.

The feasibility analysis revealed a number of obstacles and improvement areas in
STEM education in general, and for physics laboratory education in specific. The
market analysis showed that several approaches to strengthen the STEM and laboratory
education has been developed, and that digital technology seems to be a good way to
overcome some of the obstacles. These results were used as the basis for evaluating the
Flipped laboratory concept in the form of a SWOT (Strengths, Weaknesses, Oppor-
tunities and threats) analysis. Figure 5 summarizes the findings.
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Positive Negative 

Internal Strengths with the concept:

• Provides students with time and 
support to understand complex la-
boratory tasks

• Gives teachers the opportunity to 
prepare for and perform complex la-
boratory tasks

• Gives teachers in training the oppor-
tunity to practice their own laborato-
ry skills

• Does not require any physical 
equipment or laboratory equipment

• The technology is managed and 
maintained by third party

• Focuses on context, not on technolo-
gy

• Relevant team of research-
ers/developers has been identified

Weaknesses with the concept:

• Expensive primary investment; 
a sustainable business model 
for its realization is necessary

• Accessibility and security must 
be guaranteed; otherwise, the 
service may not be available 
when users want access

• Can be seen as a substitute for, 
instead of complementary to, 
regular teaching

External Opportunities with the concept:

• Focuses on Swedish conditions and 
the upper secondary school curricu-
lum; easy to spread nationally

• Similar service is not available 
commercially on the Swedish mar-
ket; great market potential

• Educational material publishers with 
a flipped approach exist in the mar-
ket; appropriate collaborators

• A platform and business model for 
distribution (especially international-
ly) already exists; appropriate col-
laborator 

• Can be developed in many directions 
subject/content/market wise

• Has great potential to be launched 
internationally; can be scaled 
up/down and existing net-
works/international stakeholders are 
a good basis for dissemination

Threats with the concept:

• Stakeholders who develops 
and launches their own solu-
tion based on, or similar to, our 
concept

• Economic conditions in the 
municipality/school do not al-
low procurement of the con-
cept

• Public opinions, politicians 
and/or decision makers do not 
put STEM education and skills 
provision on the agenda

Fig. 5. SWOT analysis
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Strengths with the Concept
Online-based teaching is asynchronous, i.e. independent of modes of time and space
and space, and therefore allows students as well as teachers to prepare for and/or
complete the task at the appropriate time and place [20, 21]. This is especially evident
for the laboratory work: a student who needs more time to complete the laboratory task,
or who want to do it more than once, can do so. Measurement errors, uncertainty about
what happened at the laboratory or other uncertainty factors can be handled by running
the laboratory once again. Similarly, teachers can carry out the laboratories whenever
and wherever they want and can thus prepare themselves before the actual class. This
strength can be used in teacher training as well, to allow the students to practice their
laboratory skills.

Flipped laboratory means that laboratory setup, measuring equipment and objects
are physically available at one or more locations (inside or outside Sweden). The
individual school does not have to invest in expensive, bulky, complex or dangerous
equipment. In addition, it does not have to operate, manage and maintain the equip-
ment. Thus, several schools can use the same set of laboratories, which provides a
resource efficiency that can be seen in the price as well as the opportunity to reach
resources that might otherwise not be reachable when investment space is not available.
The teaching material itself is not technology-focused, but the focus is on con-text; to
put different technical and/or scientific phenomena in a context. In this way, interest
can be aroused in student groups who do not have a STEM interest, but rather see
problem solving and analysis as attractive characteristics for a school subject. This is
also emphasized in the upper secondary school curriculum as well as in the physics
course curricula. A relevant team of researchers/developers has been identified for the
development of the concept, and the work on designing the concept has already begun.

Weaknesses with the Concept
Without a sustainable business model, there is the risk that the concept cannot be
developed into a full-scale solution. Although the idea is to be able to reuse as much as
possible of existing solutions, the concept represents a costly investment when
developing the laboratory environments, and where robots, control systems and pro-
gramming are examples of large expenses. A major focus must not only be on func-
tional requirements, but accessibility and security must be guaranteed, which requires a
good basic design, otherwise there is a risk that the service is not available when users
want access. The basic idea is that Flipped laboratory should be a complement to
regular classes. The concept will be a major improvement in schools where resource
problems exist (time, equipment, teachers, rooms etc.), but there is a risk that it will
replace normal laboratory teaching in other schools as well. The concept therefore
focuses primarily on areas that currently include expensive, complex, bulky and/or
dangerous laboratory work.

Opportunities with the Concept
The Flipped laboratory concept has been developed to suit the Swedish upper sec-
ondary school and the Swedish market. It is therefore easy to spread nationally,
especially through a teaching material supplier, or a similar stakeholder. There are
already a couple of interesting stakeholders in the market that currently do not provide
a similar solution but have the commercial and technological maturity and capacity to
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do so. The market potential is great, especially if the concept is marketed together with
other digital solutions that are developed for the upper secondary school. The concept
is also suitable to be disseminated internationally either as a comprehensive solution
(adjustments to each nation’s curriculum may be needed) or by disseminating the
laboratories separately. For the latter, there is a stakeholder that provides a business
model and technology platform for this. The scalability allows the concept to be
adapted to specific stakeholders, markets or contexts. The project team is a part of
existing national and international networks, which facilitates dissemination.

Threats with the Concept
An imminent threat is that another stakeholder develops and launches their own
solution that is based on, or is similar to, our concept. The project must therefore
balance confidentiality with research transparency, and we see that this is best done by
linking possible stakeholders to the project already in the development process.
Another threat is that the financial situation of the municipality/school, which consti-
tutes the primary market, does not allow procurement of the concept. In addition, shifts
in political and overall public debate must be considered; will STEM skills require-
ments and development be on the agenda in the future?

4 Conceptual Design for the Flipped Laboratory Approach

In Fig. 6 a tentative web interface illustrates a descriptive of the concept with the
principal conceptual elements included. The central functionality in the Flipped labo-
ratory is the remote-controlled physical laboratory environments as exemplified in the
middle of the figure in form of two themes, “Radioactivity” and “Electronics”. In the
fully developed version, the themes will be represented by illustrations of the context,
and not the laboratories and experimental setups used to study the phenomena in the
context.

In addition to the remote-controlled laboratories, several functionalities will enable
a flipped learning approach and problem centered investigation, where the technology
is put in a societal perspective and context. Theoretical introductions and a Wiki
support the inquiry of knowledge. Self-tests, quizzes, and online lab report tools
support the assessment and feedback. The possibility to collaborate between students
and teachers, both peer-to-peer (student to student) and teacher-student communication,
creates additional opportunities to activate students and enable student-centered
learning.

In addition, a number of design criteria have to be considered when developing the
solution, such as:

• Usability: The system should be easy to learn, it should be easy to find help, it
should provide a standardized look, etc.

• Reliability: High accessibility when the system is used, backup if something hap-
pens, easy to get support if needed, etc.

• Performance: Supporting a high number of concurrent users, fast response time, etc.
• Security: Login procedure, handling of sensitive data, etc.
• Interoperability: Could be integrated with other systems, platform independent, etc.
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4.1 Overall Process Design

In the following, an example of the overall design and process flow is given for one
theme; Radiation theory with focus on medical applications. The theme consists of two
parts. Part one “A visit to the dentist”, is described below, while part two, “Cancer
treatment”, is not described.

A Visit to the Dentist

• The purpose of the scenario: Introduce the students to the field of radiation via
familiar and relevant application areas. Problems that are being addressed are
risks and safety associated with the use of radioactive materials as well as medical
treatment options.

• Theory included: Radioactive decay, ionizing radiation, particle radiation, half-life
and activity, interaction between different types of radiation and biological systems,
absorbed and equivalent dose, radiation safety.

• Laboratory work included: Radioactive radiation range and half-life, absorbents.

Fig. 6. Principal descriptive of Flipped laboratory concept
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Overall Process

1. The students are introduced to the subject area and specific problem statements,
such as “Is it dangerous to go to the dentist or to work as a dentist?” via a short text
and a short video introduction to the theme.

2. The scenario “A visit to the dentist” is presented in an easy-to-understand way that
raises questions. Students can reflect on where and how radioactivity comes into the
context, and its possible impact. The opportunity to search more information is
available through a Wiki function.

3. Laboratory “Dentist visit”. Laboratory instructions are given to the students, and the
laboratory set-up is clearly explained. Students log into the specific laboratory
environment. In the laboratory, a number of different radiation sources and absor-
bents are investigated. The source, absorbent, distance to source, measurement time
and number of measurements to be done are selected. In a theme area when a part is
selected; predefined experiments are available for that particular theme and
part. The radiation level is measured with Geiger meters.

4. The students write a laboration report. The laboration report is written in online
forms with predefined fields. All students are required to provide well-motivated
answers to the questions “Is it dangerous to go to the dentist?” and “Is it dangerous
to work as a dentist?” based on their results from the experiments.

4.2 Implementation Plan

The results from the feasibility study and the syllabuses for Physics 1 and 2 will form
the basis for the further development. During the feasibility study, areas that for
practical reasons are difficult to carry out laboratory work in a school environment were
identified. One such area is radioactive decay. The ambition is to be able to provide an
environment where students can, through a browser, do experiments with radioactive
isotopes far from the harmful environment that they bring. Another area is electricity,
and especially power current that requires special equipment for laboratory work.
Radioactive decay and electricity forms part of the curriculum for the course Physics1
under the headlines Radiation in medicine and technology and energy and energy
resources respectively. Two themes will be developed based on these headlines. In the
further implementation, following steps will be taken (see Fig. 7):

1. Detailed concept development
2. Laboratory development
3. Testing and evaluation
4. Business model development
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The identified areas for thematic and remote controlled laboratory work will further
be clarified in the concept development phase. The overall design of the technical
solutions will be developed together with relevant business partners. Thematic online-
based teaching environments based on scenarios will be designed in dialogue with
researchers and representatives from upper secondary schools. Once the themes are
defined and the technical solution feasible, a first scenario with the associated remote
laboratory will be built and tested. This will be made available to our main school
partner in the project for validation (test pilot version), while the scenario is expanded
with another laboratory (one scenario contains one or two laboratories). After the first
test pilot, a limited number of upper secondary classes/students will have access to
Flipped laboratory for evaluation. After pilot testing, iterations and validations, up to
four thematic scenarios with associated laboratories will be built with the knowledge
we have gathered during the project. Evaluation of the concept compared to traditional
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teaching will also take place. The overall goal is to increase students’ interest and
understanding of STEM. Evaluation towards this goal is included in the test and
evaluation phase. This is enabled through the Flipped laboratory concept, and conse-
quently a practical goal is to be able to offer upper secondary schools’ nationwide
access to the concept. For this, an appropriate business model must be designed.
Ownership may be fully or partly at an educational institution that runs laboratories, but
ownership may also lie within third parties such as education materials publishers or
actors like LabsLand.

5 Conclusions

In conclusion, in order to achieve STEM education on equal terms and increased
technology-related competence we need to reform the education with modern tech-
nology and pedagogy. Remote technology solutions can make the learning less time
and space dependent and provide equal access to laboratories, particularly if they are
complex, risky or costly. Flipped classroom pedagogy gives the opportunity for effi-
cient lectures, and lectures that focus on understanding rather than on knowledge
replication. The Flipped laboratory concept combines both. By the concept we want to
make laboratory teaching attractive and understandable for all students by integrating
laboratory elements into specific thematic areas, and thus putting technology under-
standing in a societal perspective. The innovation level lies both in a technology
solution that is currently unavailable and in a new way of teaching technology-
intensive elements. A number of similar initiatives exist, both in the field of digital
learning and in remote-controlled laboratories, but at present there is no solution that
provides thematic teaching with integrated laboratories that can be carried out online by
connecting to a physical laboratory environment, and which is adapted to the Swedish
upper secondary school curricula and conditions.

Since no physical equipment is needed at the individual school, both planning and
learning become time and place independent, which supports students as well as
teachers. With the Flipped laboratory concept, students can access the learning material
and carry out laboratories remotely (as reinforcement to regular teaching), which
strengthens individual learning. Teachers get support to instruct experimental/
laboratory-related work methods in an integrated way, where the technology is
clearly put in a societal perspective, and where physical resources are not required to
perform the laboratory work.

When the concept is validated, it can be expanded in terms of content (covering
both the course Physics1 and Physics2), subject (courses in Technology or Natural
science), scope (added functionality) or level (towards primary school and/or post-
graduate level). The concept can moreover be disseminated as a total concept or as
selected parts in an international market (to suit national curricula, for example only the
remotely controlled laboratories without associated learning material).
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Abstract: It is hard to attract young persons to engineering and other science, technology, engineering,
and mathematics (STEM) fields of education in Sweden. Factors, such as interest and ability, are
affecting the educational orientation of students, and many studies suggest that there are gender
related differences in students’ perceptions regarding different subject areas. Nevertheless, it is not
fully evident why students’ make their educational choices. In this paper, Swedish upper secondary
school students’ perceptions of interest and self-efficacy are studied in the form of a questionnaire
survey to gain deeper understanding on the choices that are made. Open-ended questions regarding
subject interest, as well as questions connecting STEM-related situations with perceived emotions
were included, in addition to direct questions regarding interest and self-efficacy. Differences were
seen both with respect to educational orientation and to gender, which confirms previous studies.
Male students were interested in subjects that are accurate, logical, and scientific, while the female
students emphasized the analytical and challenging aspects, in the sense that the subjects forced them
to think. Interest and future opportunities affected the choice of program, while the student’s own
perceived ability seemed less important. Results with respect to emotions showed that the female
students in this study felt insecure and scared in STEM-related situations to higher degree than male
students did. Students on the social science program were bored and uninterested, while natural
science and technology program students were more interested and confident in STEM-related
scenarios. These findings help us to understand how students approach STEM situations, and how to
take necessary measures to equalize these situations using a norm-critical approach.

Keywords: STEM subjects; interest and self-efficacy; subject interest; academic emotions; upper
secondary school; questionnaire study

1. Introduction

Sweden shares the following important challenge with many other countries [1–4]:
how can we supply people with an engineering degree or university degrees in science,
technology, engineering, and mathematics (STEM) disciplines to our society? Statistics
show that Sweden already has a substantial shortage of technicians and engineers [5], at the
same time as the level of competence needed in the technology-related sector is steadily in-
creasing. The Swedish school system comprises 10 years of compulsory education followed
by 3 years of non-compulsory education on an upper secondary level that gives eligibility
to higher education on the university level. Upper secondary school offers a selection of
18 national programs. Twelve of these are vocational, while six are preparatory for higher
education, namely the natural science program, the technology program, the social science
program, the humanities program, the arts program, and business studies. The natural
science program is the broadest national program in terms of preparing for further studies,
especially in natural sciences, engineering, and medicine, and the focus is on mathematics
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and natural science subjects (chemistry, physics, and biology). The technology program
has a focus on mathematics, physics, and technology, and is essential in preparing the
student for a career within engineering, data science, and technology. The social science
program has a strong focus in social science subjects (geography, history, religion, and
civics), modern languages, philosophy and psychology; this prepares the students for a
career mainly within behavioral sciences, media and information sciences, and pedagogics.
The humanities program focuses on modern languages and philosophy, the arts program
on arts and communication, and business studies on business administration, law, mod-
ern languages, and psychology. As the curricula differs between programs, the future
competence profile for the students is mainly determined at upper secondary school level.

The STEM education field plays a significant role for the competence supply, as the
majority of the students in engineering and STEM subjects at a university level come from
the natural science (N) or technical (T) programs. Unfortunately, we can observe a clear
downward trend in young people’s interest in STEM-related education, and especially
that children and youths’ interest in technology is decreasing with age [6]. At upper
secondary school level, only 12% of students are enrolled in N programs, while 8% are
enrolled in T programs. At university level, we struggle with low throughput. Even if
approximately 39,500 students in total are enrolled in university engineering programs, the
finishing rate is low, as only around half of the enrolled students receive an engineering
degree [7]. Research shows that equal recruitment and staffing contribute to positive
business results [8]. Statistically gender-integrated is a business model that gathers between
40 and 60 percent of either women or men, as in [9]. Engineering is an occupational
category that is currently not gender-integrated, but which is gradually becoming more
equal; Sweden’s engineers report a membership distribution of 26% women and 74% men,
but in the age group 26–30 the proportion of women is about 33% [10]. In other words,
there is a great potential in recruiting more women into the engineering profession.

The gender distribution in the upper secondary school’s N program is rather equal;
53% of the students are female, but the proportion of female students in the T program is
just under 18% [11]. One reason may be that we are still wrestling with mental images of
industrial work as “something dirty” and that engineers are typically “male” [12]. Even in
areas where technology interest and use seem equal, such as in the use of mobile phones,
a closer examination could reveal inequality [13], as while boys engage in self-assertive
activities, such as gambling, girls use their mobile phones mainly for social activities.
Girls are, thus, exposed to higher risks and are more closely controlled by their parents.
Therefore, allowing young people the same access to technology does not automatically
solve gender equality problems. Another reason for the skewed recruitment to the upper
secondary school’s technology program may be gender patterns and gender-based self-
images. For example, [14] argues that gender patterns guide students’ choice of education,
and a study in [15] demonstrated that girls showed lower self-esteem than boys did when
it comes to STEM education. Furthermore, [16] found that girls who made gender-typical
upper secondary school choices discontinued studies to a higher extent than girls who
did not make gender-typical choices. In other words, there is a link between gender and
throughput. To gain deeper understanding of the reasons behind this, we must understand
the perceptions of STEM-related education amongst students. How do students in upper
secondary school relate to STEM-related subjects and areas? Can one see a difference in
perceived self-efficacy between male and female students, and does the perception vary
between students who choose a STEM oriented education and other students?

The students’ approach to STEM has been investigated in a number of studies and with
different approaches. A common survey tool is PATT, which stands for pupils’ attitudes
towards technology, see for instance [6,12,17–19]. The PATT tool was developed in the
1980s, and has subsequently undergone modifications to maintain timeliness [19]. The latest
version contains a total of 100 closed questions and an open question capturing the students’
attitude and understanding of technology, and efforts have been made to reduce questions,
such as in [12], where the number of attitude questions decreased from 53 to 25 without
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reducing the internal validity. The PATT and similar survey tools have been the object of
discussion, for instance regarding the validity of the questionnaire constructs [6]. Problems
with how the questions are formulated were raised in [19]. The interpretation could for
example be influenced by culture and language, especially when the questionnaire is used
in non-English speaking countries and, therefore, it requires appropriate translations. An
example is the word technology, which has a dual meaning in the Swedish language (an
apparatus and a skill).

Gender is the demographic variable most often used to describe differences between
student groups, such as in [20]. Other variables are socio-economic background and parents’
occupation [6]. The educational context itself can also be used as a variable. Indeed, ref. [17]
investigated whether specific technology education efforts affected students’ attitudes
to technology, and whether any educational design was better for increasing students’
technology competence. Unfortunately, the study results showed that the students’ inter-
est in technology did not increase after the educational effort, and their understanding
of technology as well as technical competence remained unchanged. In [21], enjoyment,
interest, ability, and future usability were factors that determined students’ subject choices,
while [22] highlighted the importance of the teacher’s role in creating interest for STEM
subjects. Additionally, ref. [15] studied perceived self-efficacy and social belongingness
among students in STEM-oriented and health/education-oriented (HEED) higher educa-
tion, and how these vary with gender. Female students perceived their self-efficacy to be
higher for HEED education than for STEM education, while men showed high self-efficacy
for both education categories. Social belongingness seems to be an influencing factor for
both male and female students in terms of education category; female students felt more
resident in HEED, and men in STEM.

The purpose of this study is to gain increased knowledge about the Swedish upper
secondary school students’ approach to STEM, both as a school subject and as a real-life
phenomenon. We assume that there are variances in the perception both directly with
respect to gender, and indirectly as a socialization process, with respect to educational orien-
tation. Therefore, gender and educational orientation will be used as the main background
variables when exploring whether significant differences exist between Swedish upper sec-
ondary school students with respect to interests and self-efficacy for STEM-related subjects.

2. Materials and Methods

To achieve the purpose and answer the research questions, a questionnaire survey
study was performed. Survey studies are suitable for mapping patterns and detecting
relationships between different variables [23], especially using close questions and statistical
analysis. In this study, however, the patterns refer both to statistically inferred quantitative
results as well as qualitative results derived from free text results using content analysis,
i.e., a mixed methods approach. In this section, the theoretical foundation and research
questions are presented, followed by descriptions of the study design.

2.1. Theoretical Foundation and Research Questions

The term interest describes engagement, or the willingness to reengage in something,
such as a school subject [24]. Interest is, thus, to be seen as a motivational construct and
has, according to [25], a strong correlation with study results; interest was the factor that
best explained the complement of a STEM major in the study of US students. Students who
early expressed interest in a STEM career and found it useful were more likely to major in a
STEM subject. Indeed, ref. [26] believes that it is important to not only let female students be
exposed to STEM early in life, but they should also be actively engaged in it. Furthermore,
ref. [24] note that research findings indicate that female students, even though they have
an aptitude to succeed in STEM subjects, are less likely to show interest or chose a STEM
career, and they suggest problem-based learning (PBL) to overcome this. In their study
conducted in 20 inclusive STEM schools in the US, PBL showed a direct effect on interest in
a future STEM career. Other researchers propose the use of advanced education technology
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for increasing the interest in STEM [27–29]. The evidence that different interventions would
lead to increased interest in STEM subjects and careers is, however, not uniform. For
instance, ref. [17] found no correlation between educational design and increased interest
and competence, and ref. [30] found no clear correlation between participation in advanced
placement courses and students’ STEM career choices.

As early interest is an indication of future careers, the first research question is formu-
lated as follows: Do significant differences exist between Swedish upper secondary school students
regarding interest in school subjects and program selection?

Self-efficacy describes the personal perception of competence and is often used as a
variable for explaining gender differences [15,20,31]. The term is a subpart of the social cog-
nitive theory, which describes learning as a process that happens in a social context where
person, environment, and behavior interact [32]. According to [32], self-efficacy affects
the motivational aspects of an individual as well as their choice processes. Furthermore,
ref. [33] explain student behavior as affected by self-efficacy and group efficacy, which in
turn are affected by motivation, ability, and opportunity. There is a clear link between
motivation and opportunities of action, as a student with high self-efficacy has the feeling
of control and is likely more motivated and able to find more opportunities to affect the
choice process. Female students typically show lower self-efficacy for STEM subjects and
occupations than men [15,20,31]. While this is known, the intervention actions are less
well-researched [34]. In a study performed in [35], emotions and well-being correlated with
self-efficacy and achievement goals in STEM, especially for female students. Additionally,
ref. [36] propose that academic emotions predict performance. It was also found that the
relationship was reciprocal, in that achievement could also predict emotions. According
to [34], negative emotions towards STEM subjects might form early. Few studies have been
found addressing academic emotions, especially focusing on positive emotions. When
viewing emotions as an expression of the motivational beliefs of students’ [35,37], emotions
could be a means to measure self-efficacy.

The second research question is formulated as follows: Do significant differences exist
between Swedish upper secondary school students regarding self-efficacy and academic emotions
towards STEM subjects?

Gender could be seen as a biological or social/cultural construct, but also as an
identity [38]. Gender affiliation is not as binary as biological or legal gender, but a variety
of classification systems exist for perceived gender affiliation. Therefore, it could be argued
that the typical binary response to sex in survey tools, such as PATT, is insufficient, especially
when designing questionnaires for students in upper secondary school or higher.

According to [39], identity is a bridge between the personal and the collective sphere
and, thus, between gender identity and social gender. Gender describes the expectations
that the environment, either consciously or unconsciously, imposes on an individual, i.e.,
determines what is considered male or female [40], and is, thus, linked to the term norm.
However, ref. [39] argues that normativity is not about the average or ordinary but about
what is desirable, i.e., a recommended character that defines what to do or be. Norms
could be represented by the physical, i.e., linked to places or pursuits, or the psychic, being
linked to traits [40]. Examples of physical affirmations of norms are the word engineer,
which is associated with a male person, or the trait strong, which is also primarily a male
trait. The norms are represented as constructs, as institutions, artifacts, and divisions of
labor, or as direct learning (socialization). Taking full account of these aspects on gender
and normativity is of course impossible in a survey study, but they should permeate the
way the questions are selected and formulated. In this study, the questions are deliberately
expressed as gender neutral.

2.2. Study Design

A questionnaire survey was designed for upper secondary school students regarding
subject preferences, program choices, views on technology, self-efficacy towards STEM sub-
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jects, and feelings connected to STEM-related situations. The survey included 13 questions,
see Table 1.

Table 1. Questions included in the survey.

Question Application in this Article

Questions regarding yourself and your studies.
1. I am [Girl/Boy/Other] Background variable
2. What school are you attending? -
3. What program are you enrolled in? Background variable
4. Why did you choose this program? Variable describing interest
5. If you chose between different programs and/or schools, what made you finally choose your
school and your program? Variable describing interest

6. My favorite subjects in school were (you can choose more than one alternative). [Art, Biology,
English, Physics, Geography, Home and Consumer studies, History, Physical Education and
Health, Chemistry, Mathematics, Modern Languages, Music, Religion, Civics, Crafts,
Swedish, Technology]

Variable describing interest

7. Why did you find these subjects interesting? Variable describing interest
STEM-related questions.
8. The word technology can have different meanings. It can also mean different things to
different people. What is technology for you? -

9. I am interested in STEM subjects. [Completely true (4)—Not true at all (1)] Variable describing interest
10. I am good at STEM subjects. [Completely true (4)—Not true at all (1)] Variable describing self-efficacy
Describe the emotions you get in the following situations. [Irritated, Happy, Bored, Interested, Wary, Scared, Expectant,
Unsure, Uninterested]
11. You will work with new technology/technique that you do not master. Variable describing self-efficacy
12. You will work with other students within a new STEM area. Variable describing self-efficacy
13. You must explain something technical or mathematical to others. Variable describing self-efficacy

Note: In Table 1, the questions occur in English. In the survey, the questions were asked in the native language.

Six of these were free text questions, i.e., open questions, while the others were closed
questions, with either multiple or single-choice options. Two questions were attitude
questions, where a 4-point Likert scale was used. The last three questions were asking
about attitudes, but instead of using the Likert scale, we used a multiple choice question
where the students were asked to describe the emotions they connected with different
scenarios. This article presents results for questions 4, 6–7, and 9–13, while questions 1 and
3 were used as background variables.

Gender and educational program orientation were used as background variables. To
address the issue of binary response for gender, a third choice, “other”, was added to the
gender-related question, see Question 1 in Table 1. For answering our own initial research
question, we included questions regarding choice of upper secondary school program (ages
15–18), as in Questions 4–5 in Table 1, as well as questions regarding subject interest at
lower school level (ages 6–15), as in Questions 6–7 in Table 1. Using predefined factors,
such as in [20] or [41], allows for multivariate analysis and hypotheses testing. In this
study, however, open questions were chosen for capturing subject interest and motivational
factors, as we strived for deepened understanding of the motivational and influential
factors that create subject interest. Question 6 includes a list of the 17 subjects that comprise
the curriculum for the Swedish compulsory school. In addition, a question regarding
interest in STEM subjects was used, as in Question 9 in Table 1.

In order to answer our second research question, the students were asked to rate
their perceived STEM skills, as in Question 10 in Table 1, as well as their emotions regard-
ing three STEM-related scenarios, as in Questions 11–13 in Table 1, in the questionnaire.
The scenarios were selected to represent classroom situations that might be perceived as
problematic from a norm-critical perspective, especially situations that assume that the
student is interacting with technology and/or persons. There exist few studies of aca-
demic emotions in relation to STEM, and most of them focus on negative emotions [34],
even if [35] and [36] included both positive and negative emotions in their studies. A
comprehensive list of 21 academic emotions is presented in [36], of which 11 are positive
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and 10 negative emotions. Positive emotions represent enjoyment, both with respect to
anticipation and success, pride, satisfaction, and gratitude, as well as empathy, admiration,
and love, while negative emotions represent boredom and hopelessness, anxiety, shame
and disappointment, sadness, as well as anger, envy, and hate. In this study, positive as
well as negative emotions are used. The positive emotions (happy, interested, expectant)
represent enjoyment and anticipatory enjoyment, which is suitable for the formulation of
questions 11–13. Emotions expressing pride or satisfaction are better suited for measuring
emotions of academic success, while admiration and love are better suited for measuring,
for example, subject interest. The negative emotions (irritated, bored, wary, scared, un-
sure, uninterested) were selected to represent boredom, hopelessness, and anxiety, while
anger, sadness, envy, and hate were seen as inappropriate emotions for the study purpose.
The sample schools are here denoted as School_1, School_2 and School_3. All classes in
the second year of the natural science (N) program, technology (T) program, and social
science (S) program were invited to participate in the study. In addition, students in the
Lingua program (a humanistic program) at School_3 were also invited, because they share
classes with the S program and, consequently, were present in class at the time when the
questionnaire was handed out. The survey was created as an online form that participants
could access via a web link. None of the questions were compulsory, but the participant
could choose not to answer one or more questions. Missing answers did not prevent the
participant from answering the next question. The online questionnaire was distributed
through the program managers and was carried out during school hours in the classroom
or via the program’s learning platform during non-school hours. The students had, in total,
one week to finish the questionnaire. Table 2 summarizes the participants in the study. The
total amount of students in the selected schools and programs was 1927 students, 640 of
which were enrolled in Year 2. The questionnaire was answered by 165 students, which
gives an overall response rate of 26%.

Table 2. Study participants.

Students Enrolled
in Total

Of These
Female (%)

Students
in Year 2 Study Participants Response

Rate (%)
Male Female Other

T program, School_1 217 10 79 53 7 3 80
N program, School_2 358 52 127 10 18 0 22
S program, School_2 358 63 102 - - - -
N program, School_3 551 51 142 10 8 0 13
S program, School_3 402 63 182 13 35 1 27

Lingua, School_3 41 88 8 1 5 0 75
Program/school N/A 1 0 0

Total per gender 88 73 4
Total 1927 640 165 26

As can be seen in Table 2, no student from the social sciences program at School_2
answered the questionnaire, and this program was, therefore, excluded from the study. The
number of students in the Lingua program is low and, therefore, this program will not
be included in analysis regarding educational orientation but will be included in analysis
regarding gender. When reviewing the material, three respondents were found to give
incomplete answers (one fully incomplete, one in which only first question was answered
and one in which the responses clearly indicated that the participant did not provide
relevant answers). These cases were, therefore, excluded.

Variance analysis in the form of t-tests and Anova at the 95% significance level was
conducted, including post hoc tests with Tukey’s method, on a total of six questions, namely
question 6 and questions 9–13. A T-test was utilized for analyzing the variance for the
variable gender, while Anova was utilized for analyzing variance for the variable study
program. In addition, three free-text questions (questions 4, 5, and 7) were processed using
content analysis, in which categories were inductively derived from the responses [42].
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3. Results

The number of female and male students who answered the questionnaire is quite
even, at 73 and 89, respectively. However, the gender distribution is skewed in relation to
educational programs. Most of the males are found in the T and N programs, while most
females are enrolled in the S or N programs. This reflects the distribution that exists for
the programs, as in Table 2. The distribution of responses based on programs is 63 from T
programs, 46 from N programs, 49 from S programs, and 6 from the humanistic program
Lingua, i.e., the group of T students is slightly larger than the remaining groups.

3.1. Gender-Related Differences in Interest and Self-Efficacy

For female students in the study, the favorite subjects were Mathematics, English, Civics,
and Art, while the favorite subjects for male students were Mathematics, Physics, Technology,
and Physical Education and Health, as shown in Table 3.

Table 3. Favorite subjects by gender and program.

Subject Female
(%)

Male
(%)

T Program
(%)

N Program
(%)

S Program
(%)

Art 28 17 15 13 13
Biology 21 11 8 16 8
English 30 29 28 13 19
Physics 9 33 24 15 2

Geography 13 16 13 9 9
Home and Consumer

studies 24 16 12 8 17

History 21 24 11 9 23
Physical Education and

Health 26 30 17 19 19

Chemistry 15 15 10 13 7
Mathematics 30 45 33 34 7

Modern Languages 17 7 3 7 9
Music 15 16 11 10 10

Religion 19 7 4 5 17
Civics 29 16 9 8 27
Crafts 13 16 14 6 9

Swedish 27 6 4 8 19
Technology 8 31 31 9 1

The variance analysis showed that there were significant differences between the
genders for several subjects (see Appendix A, Table A1). Female students were more
positive than males towards the subjects of Art, Biology, Home and Consumer studies, Modern
Languages, Religion, Civics, and Swedish. Male students were more positive than females
towards the subjects of Physics and Technology.

The open-ended question “Why do you find these subjects interesting?” was answered
by 67 female and 85 male students, a total of 152 responses. Table 4 reports on the frequency
of responses based on identified categories. Four different categories were found. The
first concerns interest in the subject (keywords, such as “fun”, “interesting”, “like”, and
“enjoy”, were recorded). Both male and female students largely chose a favorite subject
based on interest; this justification is found in half of the open-ended responses. The second
category concerns the student’s ability in a specific subject (keywords, such as “easy to
understand”, “simple”, “best at”, and “understand”, were recorded). Indeed, 37% of the
female and 26% of the male students indicated this as motivation for a particular favorite
subject. The influence of the teacher was also mentioned by several students and forms
the third category (keywords, such as “good teachers”, “dedicated teachers”, and “fun
teachers”, were recorded). The last category regards the subjects and their characteristics,
and there was a great variation in the students’ motivation for the subject being a favorite
one. The most common ones were that the subject is practical, that the subject is theoretical,
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that the subject provides an understanding of how the world works, that it is useful, that it
is analytical, and that the subject is creative. Male students appreciated subjects that are
theoretical, logical, structured, scientific, and which have exact answers. Future usability was also
positive according to the male students, as well as that the subject creates an understanding
of how the world works, as well as about humanity and our surroundings. They also
liked subjects where they can do practical work, for example cooking, but also solving a
mathematical problem. Practical work also attracted female students. The practical subjects
were described by some females as relaxing and as brain rest. They also mentioned creativity
as a motive for choosing a favorite subject. While male students were attracted to theoretical
and logical subjects, challenging and analytical aspects were important for female students,
indicated by answers, such as “one must think”, “be challenged”, “problem solving”, and
that the subjects are not “black and white”.

Table 4. Results of the content analysis, in terms of motivation for favorite subject.

Category Female in %
(Total 67)

Male in %
(Total 84)

T Program in
% (Total 57)

N Program in
% (Total 41)

S Program in
% (Total 48)

Interest 52.2 50.2 42.1 48.8 64.6
Ability 37.3 26.2 24.6 34.1 33.3
Teacher 19.4 13.1 15.8 14.6 16.7
Subject

Practical 14.9 5.9 7.0 12.2 12.5
Theoretical 1.5 5.9 3.5 9.8 -

Understanding 4.5 4.8 - 4.9 10.4
Useful 3.0 3.6 3.5 2.4 4.2

Creative 6.0 1.2 1.8 - 4.2
Analytical 4.5 - - 2.4 4.2

Challenging 6.0 - - 4.9 4.2

The open-ended questions “Why did you choose this program?” and “If you chose
between different programs and/or schools, what made you finally choose your school
and your program?” show that the choice of program is usually related to interest and
opportunities for further studies. Female students in the T program indicated general
interest in technology, or specific interests, such as game development and programming,
as a reason for the program choice. The breadth of the program and its preparatory nature
were also motivating reasons. One female student mentioned that she wanted to work
with technology in the future. Most of the male students stated the same reasons as the
females, i.e., a general interest in technology, a programming interest, program breadth,
university preparatory education, and that they see a future in technology. However, the
male students’ answers deepened the reasons in many cases. For example, two male
students specifically mentioned that they want to become engineers. Others expressed that
they opted out of the N and S programs because they did not think they would be able
to pass these programs. In terms of interest, some of the male students were particularly
interested in specific school subjects, such as mathematics, physics, or technology. One
male student mentioned friends as reason, i.e., a reason not connected to interest, program
character, or future prospects.

Most of the students were both interested and perceived themselves as having good
ability in STEM subjects. Low values (1 and 2) were indicated by 64 and 66 respondents,
respectively, while high values (3 and 4) were indicated by 102 and 100 respondents,
respectively. Looking at the distribution by gender in Figure 1, male students seem to be
both more interested and consider themselves more able in STEM subjects. The analysis of
variance confirmed significant differences regarding interest for male (M = 2.94, SD = 0.98)
and female students (M = 2.40, SD = 1.04); t (160) = 3.40, p = 0.001. Significant differences
were also seen in perceived ability for male (M = 2.93, SD = 0.85) and female students
(M = 2.40, SD = 0.90); t (160) = 3.86, p = 0.000.
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Figure 1. Interest and perceived self-efficacy for STEM subjects.

Results for questions 11 to 13, in which emotions regarding specific STEM-related
scenarios were asked for, are presented in Figure 2. Noteworthy is that female and male
students expressed different types of emotions in the three scenarios, where males were
generally interested in all the scenarios, while females, in addition to being interested, also
felt insecure or afraid. The analysis of variance confirmed these results (see Appendix A,
Table A2).
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For the scenario “You will work with new technology that you do not master”, signifi-
cant differences were seen in the Anova for the emotions irritated, happy, interested, wary,
and unsure. Male students, to a greater extent, stated that they were happy and interested,
while female students were more irritated, wary, and unsure. For the scenario “You will
work with other students within a new technical area”, significant differences between the
genders were shown only for the emotion scared. Female students were more scared than
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male students were. Regarding the third scenario, “You must explain something technical
or mathematical to others”, significant differences were shown in the statistical analysis
for the emotions interested, wary, scared, and unsure. Female students indicated that they
were wary, scared, and unsure to a greater extent than male students, while the males were
more interested than the females.

3.2. Education Oriented Differences in Interest and Self-Efficacy

Favorite subjects for students in the S program were Civics, History, Swedish, English,
as well as Physical Education and Health. Students in the N program had Mathematics as
their favorite subject, and the T students liked Mathematics, Technology, and English the
best, as shown in Table 3. Results from the Anova analysis (see Appendix A, Table A3)
showed significant differences between the groups for following subjects: Biology, Physics,
History, Mathematics, Religion, Civics, Swedish, and Technology. The between group variance
was analyzed using Tukey’s method. The largest difference between groups was found
for students in the S program, as these students were more positive towards History,
Religion, Civics, and Swedish, and more negative towards Physics and Mathematics, than
other program students were. Frequency wise, there were no major differences between
the programs for the open-ended question “Why do you find these subjects interesting?”,
but differences are seen in motivation for favorite subject based on subject characteristics.
Students studying in T or N programs preferred theoretical subjects, while students in the
S program emphasized understanding and analysis.

Results from the open-ended questions regarding program choice showed that female
students in N programs motivated their choice of programs, in general, with an interest
in science subjects and mathematics (i.e., STEM subjects), but the possibilities to choose
study direction after the upper secondary school was the most mentioned reason. Most of
the female students expressed that they do not know what to study after upper secondary
school and, therefore, the breadth and opportunity for further university studies were
attractive features of the program. Two female students mentioned future professional
choices (doctor and architect) as reasons for the program choice. Interest in STEM subjects,
program breadth, and opportunities for further studies were also common reasons for the
program choice for male students in N programs. Several additional reasons were stated;
five mentioned that they had enough credit points/were qualified, one mentioned that
the program has the best teachers, one mentioned the opportunity to study Japanese, and
two linked program choices with career choices (one wants to become an engineer and the
other work in astronomy). In addition, one student saw the program as a way to enter a
prestigious university.

Female students in the S program indicated interest in civics subjects or civic-related
problems as the reason for their program choice. Interest in behavioral science and psychol-
ogy was also mentioned by many female students, as well as the breadth of the program.
Some of the female students stated that they did not like mathematics, and one was not
accepted to the N program and, therefore, chose S instead. The male students in the S
program commonly made the choice because of interest, but also for the opportunities for
higher studies. One male student mentioned that this was a choice of impulse, and one
that it was the only program he could be admitted into. One wanted to work with people
in the future, and one chose the program because he did not know what he wanted to do in
the future.

For questions 9 and 10, regarding perceived interest and self-efficacy in STEM subjects,
the statistical analysis revealed differences between programs. According to the Anova,
there was a significant difference in interest, as F(2, 156) = 46.18, p < 0.001, as well as a
significant difference in perceived ability, as F(2, 156) = 21.10, p < 0.001. The post hoc test
showed that students in the N program were more interested and perceived themselves
more able in these subjects than other students, while S students were less interested and
rated their ability lower for these subjects.
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The results for questions 11 to 13 are presented in Appendix A, Table A4. Between
programs, the emotions irritated, interested, and unsure showed significant differences
for the scenario “You will work with new technology that you do not master”. The post
hoc analysis showed that students in the S program were more irritated than those in the
T program. Students in the N program were more interested than students in the S program.
Additionally, T program students were less unsure than other students were.

For the scenario “You will work with other students within a new technical area”,
significant differences in emotions were seen for the emotions bored, interested, and
uninterested. Students in the S program were more bored than other students, while students
in the N program were more interested than other students were. No statistically significant
differences between the programs were found for the emotion uninterested. Regarding
the third scenario, “You must explain something technical or mathematical to others”,
significant differences between programs appeared for a variety of emotions, such as bored,
wary, scared, expectant, unsure, and uninterested. According to the post hoc test, students
in the S program were more bored and scared than those in the N program, as well as more
uninterested than other students. They were also more wary than T program students were.
Students in the N program were expectant to a higher degree than the other students were.
The T program students were less unsure than other students.

4. Discussion

The results show clear differences between genders regarding favorite subject. The
female students in the study preferred “soft” subjects, such as language, civics, biology,
and religion, while the male students preferred “hard” subjects, such as physics and
technology. Interest, ability, teacher, and the characteristics of the subject were factors
that influenced the choice for both groups. These results are in line with the findings of,
for instance, [21,22]. Male and female students alike appreciated practical subjects, but
unlike the female students who linked practical subjects with creativity and relaxation
(from more theoretical and demanding subjects) and the opportunity to be active, male
students linked practical subjects primarily with usability. This is an indication that open-
ended questions might be better for capturing motivational variables than predetermined
questions, as used, for instance, in [31]. Male students often described their favorite subjects
as accurate, logical, and scientific, while the female students emphasized the analytical
and challenging aspects, in the sense that the subjects had them to think. An explanatory
model for these results could be biological [43], as girls mature more quickly and can take
on more challenging subjects, namely subjects that require multiple reasoning, while boys
need more structure to succeed in studies, which is found in the traditional natural sciences.
Another explanation could be found in the construction of social norms, where men are
assumed to be strong and more practical, and oriented towards a future typical male labor
market in the engineering and technology profession [40]. It is notable that there were no
differences in the interest for the subject of mathematics.

Moreover, the statistical analysis showed significant differences between programs
in terms of subject interest, e.g., for mathematics and physics. Students in the S program
appreciated the social science subjects, such as civics, history, and religion, while students
in the N program mainly favored mathematics and other STEM subjects. The T students’
favorite subjects were mathematics, physics, and technology. In other words, the choice
of educational program and favorite subject in primary school correlates. Interest also
gave a strong correlation regarding program choice in [15], where program choices at
university level were studied. In the same study, it was found that perceived self-efficacy
and social belongingness played a role, especially when it came to STEM education. In
this study, interest and future opportunities played a role in choosing a program, while the
student’s own perceived ability seemed less important, even if some respondents stated
that the program was chosen because he/she was not admitted to another, more attractive,
program. In the answers, more male than female students indicated such reasons, but since
the sample size in this study is relatively small, we cannot draw any general conclusions.
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Male students motivated program choices to a greater extent than girls with concrete career
choices, such as becoming an engineer or astronomer, or working with people, which can
be interpreted as perceiving themselves as belonging to a certain social context but, again,
the small sample size makes it hard to draw general conclusions. Therefore, it would be
interesting to conduct further deepened studies of upper secondary students’ program
choices based on social belongingness.

The statistical analysis showed differences between gender with respect to perceived
self-efficacy in STEM subjects, as well as differences between programs. Students in the
S program rated their ability lower compared to other students, and students in the N
program perceived themselves more able than other students. These results support the
findings of [20,31]. Furthermore, the S students felt bored, uninterested, or wary when
facing the STEM scenarios, while T and N students expressed confidence and interest,
and especially N students showed more interest than S students did in the STEM-related
situations. These results seem reasonable, especially if the assumption is that selection
of programs is largely based on subject interest. However, questions 9 and 10 contain
some ambiguity. Had the questions only focused on interest and ability in technology,
i.e., excluding natural sciences, the gender differences might have been greater. Natural
science subjects are inhomogeneous in that they include logical and structured subjects,
such as physics and certain fields of chemistry, while other subjects, such as biology and
other fields of chemistry, are more analytical in nature. This may be the reason why we
see an even gender distribution in N programs compared to T programs (53% and 18%
female students, respectively) in Sweden. The questions 11 to 13 were formulated more
specifically and linked to emotions and, therefore, might reflect the students’ self-efficacy
more correctly than the generally formulated question.

According to the results, male students expressed positive feelings towards new
technology while female students expressed feelings of insecurity and irritation. This is an
important observation, as it describes different approaches towards technology that requires
different pedagogic strategies. Thus, equal access to technology does not necessarily mean
an equal utilization, as highlighted in [13]. An insecure student might, for instance, require
detailed instructions and time to familiarize themselves with the technology before being
able to utilize it efficiently. In addition, female students often felt unsure in the STEM-
related scenarios and were more likely to be scared or insecure in situations where they
should interact with others or explain something in a STEM context than male students,
who mainly expressed interest and excitement. Thus, students approach STEM situations
where interaction with others is required differently, and consequently different pedagogic
strategies are required for equalizing the situations, especially as we know that the speech
distribution in the school is not equal; females are not given the same opportunities to share
their voices as males [39]. In the next section, some practical implications and suggestions
for interventions are given to overcome these didactic issues.

5. Conclusions

This study shows differences between gender as well as educational orientation
regarding Swedish high school students’ interest in STEM and perceived self-efficacy.
Previous studies have concluded that differences in perceived self-efficacy between female
and male students do exist, and the results from this study strengthen this statement as
well as broaden the understanding by using content analysis for studying subject interest
and scenarios connected to academic emotions for studying self-efficacy. The study results
also confirms previous studies that show a correlation between choice of program and
gender, such as [15]. The questionnaire design seems to have a major impact on the results;
we can obtain a deepened understanding of the nature of perceived self-efficacy when the
question concerns specific scenarios and emotions than we would with a more generally
asked question about self-efficacy. Interest, self-efficacy, and social belongingness appear to
be factors of influence in this study. We are socialized early into what is expected of a boy
or girl, and perhaps it is these patterns that the study indirectly reveals. One conclusion
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is, therefore, that a norm-critical approach, where gender and gender differences are not
seen as merely biological differences, but as gender-dependent differences that indirectly
describe existing norms and power relations, are better suited for studies of students’
approach to technology. This gives us a possible reason behind differences in perceived
self-efficacy but, more importantly, indications on suitable interventions.

While using surveys to describe gender differences is common, several issues exist
that need to be addressed. One is how gender-related questions are asked. In the original
version of PATT, for example, 10 attitude questions exist where gender is mentioned in
the question itself. What is striking is that questions referring to girls are negatively
expressed, e.g., “Girls think technology is boring”, or cover questions considering the
practical use of technology, e.g., “A girl can become a car mechanic”. In contrast, questions
referring to boys mainly focus on ability, e.g., “Boys are able to do practical things better
than girls”. Therefore, ref. [6] recommend the use of dual formulations, i.e., using the
question “Boys are more capable of doing technological jobs than girls” together with the
question “Girls are more capable of doing technological jobs than boys”. In this study,
the attitude questions were instead formulated to be gender- neutral. Another problem
is how participants perceive gender. In most surveys, only two categories are used to
determine gender. Consequently, students who identify themselves as belonging to none
of the genders (or both) find it difficult to answer the question, or must choose, for instance
based on biological sex instead of perceived gender [38]. These problems were addressed
in this study by using gender-neutral statements and questions, and by adding a third
alternative, “other”, to the demographic question of gender. While this group had to be
excluded from the analysis due to insufficient respondents in the current study, the authors
believe that the gender category question design should be considered in larger studies.
Using the term “other” is not optimal, since it shows a norm difference where being male
and female is the norm, while the rest is outside the norm, as in, for instance, [40]. However,
the solution felt most neutral and the easiest to introduce in the current circumstances.

One of the most important didactic implication is that we, as educators and teachers,
must understand that differences do exist, and find effective strategies to equalize them.
Applying a norm-critical approach to the speech and action space in school is a way
of working with the problem, but how this is made in practice can both improve and
undermine the situation. For example, it is not enough to try to equalize the distribution
of speech if it means that we put additional pressure on the groups that are silent today,
such as female students. Indeed, ref. [44] suggest reviewing the curriculum, instruction
material, and the classroom interactions with respect to language and gender stereotypes,
and raise the awareness of gender biases in the classroom interaction, such as praising boys
more than girls in STEM-related situations. At the same time, we should avoid “forcing”
gender equality by controlling the distribution of voices. The consequences of forcing
gender equality into the speech distribution could, for example, be that female students
must share their “girl’s perspective” on a particular subject, or be forced to say something,
even if they feel afraid to appear stupid or deviant. Instead, ref. [39] suggests that we
should adopt a student-centered perspective for understanding underlying mechanisms.
A presentation occasion could, for instance, be used as a manifestation of status or for
social positioning, as identity, language, and power relations interact in these contexts,
maintaining or reinforcing given norms. To avoid this, we should change the educational
context so that everyone feels safe, for example by raising the students’ awareness of norms
and gender inequities. A conscious norm-critical discussion from an early age, adapted
to the maturity level of the student group, might be a way to change gender norms in the
future. This could be performed either in gender-separated groups, such as in [45], by
addressing norms and stereotypes regarding the female body, or in mixed gender groups,
such as in [46], where an intergroup dialogue approach was used for reaching the cognitive,
attitudinal, and behavioral shifts in students’ perception. Tutorials and learning material
have been developed for this purpose, such as [47].
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Another way to overcome the problem is to gradually train unsure students in specific
learning activities or by giving students enough preparation time. For STEM subjects, this
could be achieved by online tutorials and remote laboratories that allow for training before
and after physical laboratory sessions [48,49], by linking STEM subjects with emerging
societal challenges, such as radiation risks [50], or by specific training programs aimed
at developing generic skills related to STEM. One example is the spatial development
program for the middle school level presented in [51].

Author Contributions: Conceptualization, M.K. and L.C.; methodology, M.K.; formal analysis,
M.K.; investigation, M.K. and L.C.; writing—original draft preparation, M.K.; writing—review and
editing, L.C.; funding acquisition, M.K. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Vinnova, grant number 2018-03381 (Project STEM education
on equal terms).

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the study design. The study is non-interventional and collected no personal critical information.
The study adhered to the ethical principles of informed consent, anonymity, and confidentiality.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: The authors would like to thank the students who answered the survey, the
teachers who helped in distributing the questionnaire, and the members of the project team for
comments and improvement suggestions on the questionnaire design.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Table A1. Differences in favorite subject by gender 1.

t df Sig.
(2-Tailed)

Mean Diff. Std. Error
Diff.

95% Confidence Interval of
Diff.

Lower Upper
Art −2626 135,059 0.010 −0.186 0.071 −0.326 −0.046

Biology −2450 126,181 0.016 −0.156 0.063 −0.281 −0.030
Physics 4041 154,240 0.000 0.256 0.063 0.131 0.380

Home and
Consumer Studies

−2252 135,335 0.026 −0.156 0.069 −0.292 −0.019

Modern Languages −2737 114,040 0.007 −0.158 0.058 −0.273 −0.044
Religion −3127 111,287 0.002 −0.186 0.060 −0.304 −0.068
Civics −3172 131,811 0.002 −0.225 0.071 −0.365 −0.085

Swedish −4875 100,657 0.000 −0.308 0.063 −0.434 −0.183
Technology 3723 154,957 0.000 0.233 0.063 0.110 0.357

1 Only results for variables showing significance at the 0.05 level are included.

Table A2. Differences in emotions by gender 1.

t df
Sig.

(2-Tailed) Mean Diff. Std. Error
Diff.

95% Confidence Interval of
Diff.

Lower Upper

You will work with new technology/technique that you do not master.
Irritated −3295 98,542 0.001 −0.178 0.054 −0.285 −0.071
Happy 2317 150,847 0.022 0.111 0.048 0.016 0.206

Interested 2248 145,930 0.026 0.172 0.077 0.021 0.324
Wary −2668 139,897 0.009 −0.197 0.074 −0.343 −0.051

Unsure −5713 133,903 0.000 −0.408 0.071 −0.550 −0.267
Irritated −3295 98,542 0.001 −0.178 0.054 −0.285 −0.071
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Table A2. Cont.

t df
Sig.

(2-Tailed) Mean Diff. Std. Error
Diff.

95% Confidence Interval of
Diff.

Lower Upper

You will work with other students within a new STEM area.
Scared −2302 71,000 0.024 −0.069 0.030 −0.130 −0.009

You must explain something technical or mathematical to others.
Interested 2265 158,901 0.025 0.164 0.072 0.021 0.307

Wary −2704 117,254 0.008 −0.161 0.060 −0.279 −0.043
Scared −2818 125,917 0.006 −0.186 0.066 −0.317 −0.055
Unsure −4124 135,932 0.000 −0.303 0.073 −0.448 −0.158

1 Only results for variables showing significance at the 0.05 level are included.

Table A3. Differences in favorite subject by program 1.

Subject SS df MS F Sig.

Biology Between Groups 1431 2 0.716 4626 0.011
Within Groups 24,129 156 0.155

Total 25,560 158
Physics Between Groups 3401 2 1700 9814 0.000

Within Groups 27,027 156 0.173
Total 30,428 158

History Between Groups 2818 2 1409 7700 0.001
Within Groups 28,553 156 0.183

Total 31,371 158
Mathematics Between Groups 8706 2 4353 220.009 0.000

Within Groups 30,854 156 0.198
Total 39,560 158

Religion Between Groups 2440 2 1220 9856 0.000
Within Groups 19,309 156 0.124

Total 21,748 158
Civics Between Groups 5358 2 2679 150.792 0.000

Within Groups 26,466 156 0.170
Total 31,824 158

Swedish Between Groups 2965 2 1482 100.515 0.000
Within Groups 21,991 156 0.141

Total 24,956 158
Technology Between Groups 6225 2 3112 200.060 0.000

Within Groups 24,203 156 0.155
Total 30,428 158

1 Only results for variables showing significance at the 0.05 level are included.

Table A4. Differences in emotions by program 1.

Subject SS df MS F Sig.

You will work with new technology that you do not master.
Irritated Between Groups 1274 2 0.637 6431 0.002

Within Groups 15,455 156 0.099
Total 16,730 158

Interested Between Groups 1555 2 0.777 3412 0.035
Within Groups 35,552 156 0.228

Total 37,107 158
Wary Between Groups 2934 2 1467 6749 0.002

Within Groups 33,909 156 0.217
Total 36,843 158
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Table A4. Cont.

Subject SS df MS F Sig.

You will work with other students within a new technical area.
Bored Between Groups 2519 2 1259 9270 0.000

Within Groups 21,192 156 0.136
Total 23,711 158

Interested Between Groups 2342 2 1171 4901 0.009
Within Groups 37,280 156 0.239

Total 39,623 158
Uninterested Between Groups 0.980 2 0.490 3271 0.041

Within Groups 23,360 156 0.150
Total 24,340 158

You must explain something technical or mathematical to others.
Bored Between Groups 1182 2 0.591 5188 0.007

Within Groups 17,774 156 0.114
Total 18,956 158

Wary Between Groups 1094 2 0.547 4130 0.018
Within Groups 20,655 156 0.132

Total 21,748 158
Scared Between Groups 1421 2 0.710 4379 0.014

Within Groups 25,309 156 0.162
Total 26,730 158

Expectant Between Groups 2314 2 1157 100.848 0.000
Within Groups 16,642 156 0.107

Total 18,956 158
Unsure Between Groups 3618 2 1809 8641 0.000

Within Groups 32,659 156 0.209
Total 36,277 158

Uninterested Between Groups 2905 2 1452 100.001 0.000
Within Groups 22,655 156 0.145

Total 25,560 158
1 Only results for variables showing significance at the 0.05 level are included.
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Abstract 
In 2020, due to the pandemic and lockdowns, upper secondary schools and universities worldwide 
rapidly transitioned classes and activities to be conducted remotely. This transition presented 
particular challenges for laboratory courses in Science, Technology, Engineering and Mathematics 
education. The study presented here was carried out in a higher education institution and an upper 
secondary school in Sweden in three different courses where a remote laboratory VISIR addressing 
electric and electronic topics was implemented. The present paper focuses on the use of remote 
laboratories in physics courses from a didactical viewpoint. Integrating remote laboratories into the 
design of teaching activities may better allow students to pilot their learning to achieve the desired 
outcomes. The data collected from 254 students' activities are presented, and includes the number 
of VISIR accesses, the results from theoretical exams, the quantity of laboratory reports, and the 
course grade. Teachers’ comments and experiences of the factors affecting the usage of the remote 
laboratory VISIR during implementation are presented. The evaluation shows that more work can be 
done with the introduction of the VISIR. The results from the questionnaire also show that the 
students are not convinced that the measurements are from real equipment rather than from 
simulations. This implies that more work can be done with the VISIR interface. 

Keywords: Distance education, Electrical and electronic circuits, Experimental skills, Remote 
laboratory, STEM, Upper secondary school education, VISIR 

1. Introduction 
In the spring of 2020, due to the COVID-19 pandemic, upper secondary schools and universities 
across the world rapidly transitioned classes and activities to be conducted remotely. This transition 
presented particular challenges for laboratory courses in Science, Technology, Engineering and 
Mathematics (STEM) education. In [1], results are reported from a survey of laboratory instructors on 
how they adapted their courses in the transition to emergency remote teaching due to the COVID-19 
pandemic. 

The ability to understand and use scientific concepts is fundamental to science education. However, 
understanding scientific concepts is challenging for students. In science education, inquiry learning is 
an approach where students act like scientists and learn from conducting and observing experiments. 
Inquiry learning fosters understanding of science concepts, if it is guided properly. In [2] the authors 
identify important aspects of how to successfully make use of laboratory work as a science-teaching 
strategy with a systematic review of research from 1996 to 2019. 

Unfortunately, in remote schooling situations, as we witnessed them during the Covid-19 induced 
school closures, students cannot be guided by the teacher in the same way as during regular (i.e., 
face-to-face) schooling; rather, students are required to self-regulate their learning to a larger extent. 
Additionally, during remote schooling, hands-on experiments for inquiry learning cannot be 
performed as usual; rather, experiments need to be implemented differently. Digital technologies 
allow for either virtual experiments (interactive computer simulations), or video experiments 
(videotaped real experiments), which can be combined to offer complementary affordances.  
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The authors in [3] conclude that for STEM education virtual and video experiments can be 
recommended to teachers if hands-on experimentation is not possible. Technologies like virtual or 
simulation laboratories certainly do not develop the same type of skills when compared with hands-
on based laboratories, or even remote laboratories. While simulation can be used anywhere or 
anytime, it obeys a mathematical model. However, this does not mean their usage is mutually 
exclusive. Several authors support the idea that these technologies can be used in a complementary 
approach while identifying the different contributions each can bring about to the student learning 
process. In fact, a “blended” or “hybrid” approach to laboratory learning, a combination of hands-on 
laboratories, simulations and remote laboratory procedures, seems to be the most effective, taking 
advantage of the benefits of  knowledge and conceptual understanding, outcomes from simulations, 
and remote laboratories and technical skills acquisition from hands-on laboratories [4] [5] [6]. 

The present paper focuses on the use of remote laboratories (RL) in STEM education from a 
didactical viewpoint. Integrating RL into the design of teaching activities may better allow students to 
pilot their learning to achieve the desired outcomes. Learning requires student participation. In 
distance physics courses during 2012 and 2013 at Blekinge Institute of Technology (BTH) the teacher 
introduced an optional laboratory assignment. The students were able to use the remote laboratory: 
Virtual Instrument Systems in Reality (VISIR) to wire electronic circuits without having to be on-site at 
the school. Furthermore, in two physics courses at upper secondary school Katedralskolan in Lund, 
Sweden [7], that suddenly became distance based courses due to Covid-19, the students could still 
perform laboratory assignments to fulfil the courses syllabus, but now remotely. The VISIR was also 
used during 2010-2012 presented in [8], and during 2017 and 2019 in regular physics courses at 
Katedralskolan. 

The VISIR laboratory [9], [10] at BTH, Sweden, is an architecture for opening hands-on instructional 
laboratories for remote access 24/7 with preserved context. The VISIR project started at BTH in 1999, 
under the initiative and leadership of Ingvar Gustavsson. Ingvar Gustavsson’s goal was to allow 
students to freely perform available experiments, while learning about electric and electronic circuits 
[11]. 

Internationally, there are currently approximately 20 VISIR laboratories used by upper secondary 
school and university students and teachers in Argentina, Austria, Australia, Brazil, Costa Rica, 
Georgia, Germany, India, Morocco, Portugal, Spain, Sweden, and the United States [12]. The authors 
in [13] address challenges and works carried out at several universities within the VISIR community. 
An EU project PILAR during 2016-2019 proposes a structure aimed at linking all VISIR systems with 
each other to create a platform integration of laboratories [14], [15]. Furthermore, a sister project 
named VISIR+ has as goal to connect education modules where VISIR is used [16]. The main goal of 
the VISIR+ project is to spread VISIR usage in Brazil and Argentina, providing technical and didactical 
support. The reference [17] presents an analysis of the already completed actions regarding this 
project and an assessment of their impact in terms of conditioning factors.  

This study aims to answer the question: “How can remote laboratories be used as a didactic choice to 
increase interest in STEM subjects?”. Furthermore, it presents research findings that encompass 
experiences during the COVID-19 pandemic. 

The remainder of the paper is organized as follows: section 2 briefly describes the VISIR remote 
laboratory; section 3 describes the courses’ curricula and structure; section 4 describes methods 
used in lectures; section 5 presents learning outcomes and teacher experiences during the use of 
VISIR with students; and, finally, section 6 concludes the paper. 
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2. The internet accessible remote laboratory VISIR 
The idea of making experimental equipment available to everyone everywhere is derived from the 
fact that physical experiments are necessary in education in science and technology, laboratory 
environments are expensive to set up and maintain, and educational grants have been decreasing 
gradually. Students who are unaccustomed to the environment in laboratory exercises or feel unsure 
about the equipment are disadvantaged by today's low instructor density and high work pace. They 
often do not perform all elements in the exercise and do not get the full benefit of the experiments. 

VISIR is a remote laboratory focused on practices in electronics, well known in academic and 
engineering scope. It is designed to suit a) students who study natural science or technical programs 
at upper secondary schools, b) students at universities who study engineering, c) students in 
preparatory education with science/engineering specialization at a university and d) upper secondary 
school and university teachers who teach STEM courses, but it has also been used in occasions as a 
resource to teach science related topics at secondary schools [18]. Evaluations show that the VISIR 
laboratory is very easy to use, and that the design appeals to the students [8], [19]. 

The user interface replicates a physical breadboard, showing all available components and the 
instrument front panels, see Figure 1, so a user can connect the desired circuit and analyse its 
behaviour with several instruments [20]. The remote student wires the circuit and connects 
instruments on the virtual breadboard displayed on the computer screen. The physical circuit and the 
instrument connections are created in the switching matrix by controlling relays to setup appropriate 
electrical connections, see Figure 2. The switching matrix is a stack of printed circuit boards. Three 
types of boards are defined; one for connecting sources, one for connecting measuring instruments 
and one for carrying components or for connecting external test circuits. A matrix with four boards is 
shown in Figure 2. The bottom board is a source board. It has inputs for a triple power supply and a 
function generator. The two instrument boards in the middle are configured for connecting a low 
frequency instrument such as a multimeter and for connecting a high frequency one such as a dual 
channel oscilloscope. The component board on the top carries sockets where components can be 
installed. One component board can carry 10 components with two leads or as many components 
with more than two leads as can be installed in the onboard 20-pin IC socket. By adding more 
component boards, more components can be online. Thus, the connections are physical at the 
laboratory server site, and the measurements are made with physical instruments, and 
measurement data is sent to the user. 

VISIR has a client-server architecture, where measurements are carried out at the server side and the 
instrument front panels are displayed on the client computer screen. Its architecture and 
characteristics are well described in several books and articles [9] [21] [22]. One of the greatest 
advantages of the use of the VISIR laboratory is the powerfulness of its user interface. It has been 
developed to allow the student to execute the same actions that would take place in the physical 
laboratory room, but in a remote way:  

• place components in a breadboard,  
• perform the connections between them, 
• configure the instruments, and  
• carry out measures over the circuit under test.  
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Figure 1. Breadboard view with circuit example wired. 

 

 

Figure 2. At left the switching matrix with four boards, from bottom; DC power supply, DMM, 
oscilloscope and component board. At right a top view of a component board with a resistor 
connected to a relay. 
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The client software was developed using Adobe Flash which has now been replaced by HTML5. The 
equipment provided comprises a dual channel oscilloscope, a function generator, a multimeter, a 
triple DC power supply, the switching relay matrix, and a number of components such as resistors, 
coils and capacitors installed in the matrix. Examples of front panels of the instruments are shown in 
Figure 3.  

 In [8], [11], [13] and [19], the authors give examples of experiments in practical sessions using VISIR, 
such as the following:   

• Assemble and measure serial/parallel resistors in DC circuit.  
• Ohm's Law. The students assemble a circuit, for example, a voltage divider, and measure the 

resistors, voltage, and current with the digital multimeter (DMM).  
• Analyse capacitors and coils in an AC circuit. To complete these parts, the student uses the 

function generator and the oscilloscope. 

 

Figure 3. Front panels of the instruments as they can be seen on the VISIR webpage. 

A typical practical session in the remote laboratory VISIR at BTH has four steps:  

• configure the circuit  
• configure the instruments (function generator, DMM, oscilloscope, ...)  
• run the experiment 
• analyse the results 

If the student configures something dangerous, the VISIR shows a warning message. But if the 
student makes something wrong, i.e., the function generator is off, the components are not correctly 
connected, etc., the RL will not help the student with a message, the student will have to analyse the 
results to find the error. The RL runs the experiments as in a classical laboratory; the RL will not make 
any adjustments for the student. 
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3. Courses descriptions 
In the years 2012, 2013 and 2016-2021, VISIR was used in courses titled Physics for Product 
Development, Physics 1 and Physics:prep, for the electronics parts (electric charge, field strength, 
potential, voltage, current and resistance). Table 1 shows the year, course name, school, number of 
students involved and if the course was at campus or distance. This chapter describes these courses’ 
curricula and structure. 

Table 1. Overview of the courses. 

Year Course University/ 
Upper secondary 

school 

Number of 
students 

Distance (D) 
Distance due to 
COVID-19 (D19) 

In campus (C) 
2012, 
2013 

Physics for Product 
Development BTH 68 D 

2016 - 
2019 Physics 1 Katedralskolan 154 C 

2020, 
2021 Physics:prep Katedralskolan 32 D19 

3.1 Physics 1 
The Natural Science Programme (N-programme) in upper secondary schools in Sweden is a three-
year education that prepares for further education at university. The programme has two 
specializations 1) natural science and 2) natural science and society. All students on the N-
programme take the course Physics 1. This course comprises 150 hours of teacher-led class. The total 
teaching hours of all subjects in the N-programme are 2500. In the natural science specialization the 
students can choose to take up to 350 hours of the subject physics [23], [24]. 

Nine groups with approximately 17 - 20 students in each group were involved. The students were 
between 17-19 years old. The subject electronics within the physics course comprises 2 x 1.5 hours of 
classes (lectures, calculus practice and laboratory classes) per week, during 10 weeks. The teacher 
educates the whole group on all occasions and can freely choose a theory or laboratory lesson during 
this period. The students learn about static electricity, electric current (DC circuits), potential 
difference, resistance and electric power. In theoretical classes, the teacher explains concepts, shows 
examples of the concepts and proposes exercises for the students to solve in the classroom. The 
book Impuls Fysik 1, [25], was used in the course. 
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Table 2. Physics 1, lesson plans for topic on electricity. 

Weeks Lesson 1 (1,5 h) Lesson 2 (1,5 h) 
Week 1  Theory about static electricity 

Charges, atoms and electrons, 
electrostatic induction and 
coulomb 

Static electricity 
Problem solving, theoretical questions in the 
physics book 

Week 2 Theory about electric current, 
potential difference, resistance 
and resistivity 

Problem solving, theoretical questions about 
electric current, potential difference, resistance 
and resistivity in the physics book 

Week 3  Real DC circuit mounting (hands-
on) and making measurements. 
Plot of I against V for different 
conductors  

Introduction to VISIR  

Week 4  Real DC circuit mounting at VISIR 
remote laboratory and making 
measurements 

Real DC circuit mounting at VISIR remote 
laboratory and making measurements 

Week 5  Theory about Ohm’s and 
Kirchhoff’s Law for DC circuits 

Theory about resistors in series and parallel 

Week 6  Problem solving DC circuits Problem solving DC circuits 
Week 7  Problem solving DC circuits Real DC circuit mounting at VISIR remote 

laboratory and making measurements 
Week 8 Real DC circuit mounting at VISIR 

remote laboratory and making 
measurements 

Individual laboratory report related to 
experimental work done, both hands-on and at 
VISIR 

Week 9 Individual laboratory report related 
to experimental work done, both 
hands-on and at VISIR 

Revision 

Week 10 Practical examination (VISIR) Theoretical examination 

3.2 Physics:prep 
The International Baccalaureate Diploma Programme (IBDP) is a two-year educational programme 
primarily aimed at 16-to-19-year-olds in 140 countries around the world. The programme provides 
an internationally accepted qualification for entry into higher education and is recognized by many 
universities worldwide. At Katedralskolan, like many other schools in Sweden, the IBDP is preceded 
by a preparatory year, the Preparatory Diploma Programme (PDP). In PDP the students will study 
courses preparing for the two coming IB Diploma years [26]. 

First semester all students, approx. 30, attend the physics course Physics:PH. In the second semester 
the students can choose to continue with physics by attending the course Physics:prep. Usually half 
of the students continue. It is in this second semester during the first year the students learn about 
electrical quantities and circuits. Two groups with approx. 15 students in each group were involved, 
see Table 1. The course Physics:prep comprises 2 hours/week of teacher instructed class during this 
second semester, in total 18 weeks. The teacher educates the whole group on all occasions and can 
freely choose a theory, problem solving or laboratory lesson during this period. In seven weeks, see 
Table 3, the students learn about static electricity, electric current (DC circuits), potential difference, 
resistance and electric power. The Chapter denoted 4.35 – 4.40 in Table 3 can be found in the book 
[27]. 
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Table 3. Physics:prep, lesson plans for topics on electricity. 

Weeks Lesson 1 Lesson 2 
Week 1 Chapter 4.35 Static electricity 

Theory and calculations 
Chapter 4.36 Electric current 
Theory and calculations 

Week 2 Introduction to VISIR Laboratory work at remote laboratory VISIR 
Measuring current in circuits 

Week 3 Chapter 4.37 Potential difference 
Theory and calculations 

Laboratory work at remote laboratory VISIR 
Measuring potential difference in circuits 

Week 4 Chapter 4.38 Resistance 
Theory and calculations 

Laboratory work at remote laboratory VISIR 
DC circuit mounting and making 
measurements. Plot of I against V for different 
conductors 

Week 5 Laboratory work, VISIR 
DC circuit, resistors in series and 
parallel. Mounting and making 
measurements of current and 
potential difference  

Laboratory work, VISIR 
DC circuit, resistors in series and parallel. 
Mounting and making measurements of 
current and potential difference  

Week 6 Chapter 4.40 Electric power Write and hand in Individual laboratory report 
related to experimental work at VISIR 

Week 7 Revision Theoretical test 

3.3 Physics for Product Development 
The distance course Physics for Product Development, at Blekinge Institute of Technology (BTH), 
includes 7.5 higher education credits. One higher education credit corresponds to one credit in the 
European Credit Transfer System (ECTS). The course aims for the student to develop knowledge of 
physical phenomena and laws whose technical applications are used in the mechanical engineer's 
professional activities. The purpose of the course is also for the student to create a foundation for 
further studies in technology. 

During the course, the following elements are covered:  

• Preparatory exercises regarding the use of SI units, power calculation and error estimation.  
• Introductory mechanics, where the emphasis is on forces, Newton's laws, and conditions for 

equilibrium systems. 
• Linear motion, with emphasis on the laws of motion in one dimension. 
• Density and pressure. 
• Energy, where different forms of energy, the energy principle, energy conversion and effect 

are emphasized. 
• The basics of electrostatics, with a focus on forces between charges, electric fields and the 

behaviour of charges in different materials. 
• Thermodynamic phenomena that manifest themselves within a phase and during phase 

transitions, as well as thermal expansion. 
• Electric circuits and the most basic concepts such as electric voltage, electric current, 

resistance, power, electromotive force and pole voltage. 

In two groups, see Table 1, the teacher introduced an optional laboratory assignment in the topic of 
electric circuits. Another teacher was responsible for the introduction of the remote laboratory 
Virtual Instrument Systems in Reality (VISIR) and helped the students with the experiments, and also 
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read the laboratory reports. The students were able to use the VISIR to wire electronic circuits 
without having to be on-site at the school.  

With the help of a learning management system (LMS), students had the opportunity to participate 
in online lectures every week. Lecture notes, as well as other task and information material 
presented by the lecturer, are gradually collected in a learning platform to which students had access 
throughout the course. In this learning platform, students also have the opportunity to conduct 
dialogues between each other.  

4. Methods 
4.1 Teachers preparation for electrical experiments 

To teach a course with experiment sessions and introduce them in a VISIR online laboratory for 
electrical experiments, the teacher has to do some administrative work. This preparation is the same 
for both on-site and distance courses.  

The teacher needs the instruction manuals for the experiment sessions of the course. Each one of 
them should include at least the schematics of all the experiment circuits of the session and a list of 
the components to be used. The teacher also has the opportunity to define the remote experiments 
and the associated learning objectives. Furthermore, the teacher has to upload a student’s guide and 
a link to an instruction video in a Learning Management System or Google Drive for a student 
introduction to VISIR. The laboratory staff and the teachers create the rules of the Virtual Instructor 
together. The purpose of the Virtual Instructor rules is to prevent hazardous circuits from being 
activated. The rules describe all safe circuits in a file. These rules are associated with the online 
component store, i.e. the components installed in the switching matrix, see Figure 2. The teacher 
must check that all the experiment circuits comply with the Virtual Instructor rules. It is only possible 
to activate circuits that are safe according to this file installed in the laboratory. 

The teacher needs to collect the email addresses of the students. Students then access the remote 
laboratory VISIR with this registered email at the RL VISIR via the Internet through the Blekinge 
Institute of Technology server. Here they are required to register first and to book their time slot to 
conduct an experiment. They obtain their password for the future login. The log-on information is 
recorded and once the information is accepted, the access is granted and students are directed to 
the laboratory site where they can conduct experiments. 

In hands-on laboratory experiments, the teacher has to prepare components and instruments for 
each laboratory session. At an upper secondary school this often means to take all equipment out 
from cupboards and place them on 8-10 benches in the classroom, see Figure 4. 
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Figure 4. Prepared classroom for electrical experiments at Katedralskolan in Lund, Sweden. 

4.2 Methods used in lectures 
A mixture of resources were used in laboratory classes on-site at school; hands-on, simulations [28], 
and remote laboratory VISIR [10]. During distance courses the only method used for experimental 
work was the remote laboratory VISIR 

In the courses, the teachers introduce remote laboratory VISIR to students before starting the actual 
work with VISIR. In this first lecture the teacher presents international remote laboratories and 
simulations by showing YouTube-clips, for example: 

• iLabs at University of Queensland, Australia [29], this video presents a remote laboratory on 
the subject of radioactivity, 

• WebLab-Duesto [30], [31], [32], the videos are about VISIR, 
• eLab3D [33], this video presents a remote laboratory, named eLab3D, that enables students 

to carry out real experiments in electronics circuit designs using a 3D virtual world. The user 
has an avatar and interacts with virtual replicas of instruments, circuits, components or 
cables in a very similar way as he or she operates in a hands-on laboratory. Universidad 
politécnica de Madrid (UPM), 

• National University of Distance Education – Madrid (UNED) laboratories, during the first 5 
minutes three virtual and remote laboratories are shown [34]. 

The reason for doing this is to show the students that remote laboratories are internationally spread 
and motivate them to use remote laboratories in their learning process. 
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All students have to hand in a laboratory report. Figure 5 shows an excerpt of a student laboratory 
report with pictures included from a hands-on laboratory, and Figure 6 from a student from a remote 
laboratory VISIR. The students also had a theoretical and a practical exam regarding knowledge of 
VISIR, see Figure 7. 

Figure 5. A picture from a student laboratory report. The assignment was to measure resistance 
between node A and B.  

In lectures, the teacher not only used the projector to show some theoretical slides about the 
subjects and the whiteboard to solve theoretical problems, but also worked with students showing 
results from simulations, to explain some behaviours, or from the remote laboratory. Usually 
students contributed to the discussions, initiated by the teacher by talking to each other or with the 
teacher. 

4.3 Distance based lectures 
Recent years have revealed the challenges of offering distance or remotely accessible educational 
settings in science, engineering, and technology education, particularly when it comes to laboratory-
based courses and learning experiences. In response, many academic institutions have attempted to 
adapt by either transitioning their laboratory classes into online laboratories or providing laboratory 
kits for at-home usage. In contrast to online laboratories being one of several options for laboratory-
based instruction, the COVID-19 pandemic made online laboratories the only viable option for many 
institutions to offer any form of laboratory activities. Existing research results implies that this 
unprecedented situation has acted as a catalyst for numerous new developments, approaches, and 
activities in this field. 

In the distance courses at the upper secondary school Katedralskolan, a web camera was used to 
introduce Ohm’s law with a component that does not follow this law, a light bulb. In school this can 
be done with hands-on laboratory work. It is not possible to investigate this on the remote 
laboratory VISIR, due to the response time for the bulb.  
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Figure 6. A composed view of content in a student report regarding experimental work on VISIR. 

 

Figure 7. Examples of test questions in a theoretical test regarding the wired circuit on the 
breadboard. Q1. Draw a circuit diagram for the circuit wired on VISIR. Q2. Draw in the circuit wired 
on VISIR how a voltmeter could be connected to measure the voltage across one of the resistors. Q3. 
What does the ampere meter show if all the resistors have a resistance of 200 Ohm and the DC-
Power is set to 5.4 V? 
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To study different kinds of energy and motion within the subject mechanics, several experiments 
have been done, for example: 

• Investigating circular motion, with students’ own equipment (ink pencil, string, stopwatch, 
rubber bung, weights) at home, see Figure 8. 

 

Figure 8. Equipment to investigate the various factors that affect circular motion. 

• Investigating two-dimensional motion along a curve path such as a projectile, where a web 
camera was used to demonstrate the experiment. 

• Study of energy transfer from potential energy to kinetic energy and friction. These 
experiments are here demonstrated in videos [35] and [36]. 

Google Meet or other web conferencing platforms providing screen sharing have been used for 
supervised laboratory sessions or to perform experiments together with others in remote laboratory 
VISIR. Thus, a presenter may demonstrate an experiment and discuss its outcome with the teacher or 
with other students. If the bandwidth is not high enough for a web conferencing platform a student 
can send her circuit using the save/load feature to the teacher and then the teacher could perform 
the student’s experiment and discuss with the student over the phone. Break-out rooms in Google 
Meet have been used for group laboratory exercises. 

5. Results 
In this chapter, the results from implementing and using the remote lab are presented. The results 
are from both the teachers’ and the students’ perspectives and in qualitative and quantitative form. 
The didactical implementation was measured in terms of students’ perception, usage and learning 
results.  

5.1 Teacher experience 
In this subchapter, teachers’ comments and experiences of the factors affecting the usage of the 
remote laboratory VISIR, during implementation in their courses, are presented. 

It is good to have a hands-on session on-site before the students use the remote laboratory VISIR. 
The students can then test wiring and instrument settings. With distance students, this is only 
possible via web camera. 
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It is very useful for students to have access to a video clip and student manual about remote 
laboratory VISIR in a folder at the Google Drive or the schools LMS. This is especially important if a 
student has not attended the introduction lesson. 

To make it easier for the students, they were given access to their own laboratory exercise 
instruction file in Word format, which they could fill in and submit as a laboratory report. Only a few 
students know how to do print screen to be able to place pictures of wiring and instrument settings 
in the reports. Overall, the report writing gave the students practice in combining Excel with Word to 
copy and paste tables and graphs. In Excel they also learned how to add a trendline and display the 
equation in the graph. 

Teachers have given these positive and negative feedbacks and comments during laboratory exercise 
work with remote laboratory VISIR: 

• Most of the students has a computer, and charged, with them to the lesson, but sometimes 
there was no internet connection for some of the students. The internet connection was also 
a problem for some students studying from home during Covid-19 distance teaching, and if 
so they were offered a secluded place in the library at school. 

• The first time the students access the remote laboratory VISIR, they have to activate their 
account. Some students did not understand that they had to activate the account for an 
email with a password to be sent to them. 

• The site can’t provide a secure connection because openlabs.bth.se uses an unsupported 
protocol. The error message “This site can’t provide a secure connection” indicates a 
problem with the SSL certificate. In other words, the site is claiming to be HTTPS-compliant, 
but either it is not providing a certificate, or using an invalid one. If the certificate can’t be 
verified, the browser won’t load the site and will present this error message instead. The 
students had a problem with solving this on their computers. 

• If a student does not connect the cables on an input to an instrument but next to it, no error 
messages occur, and a small current may sometimes appear. The students thought this was 
an accurate measurement and used it in their calculations, and when they later compared it 
with theoretical calculations it did not match. 

• Two students made a wrong connection at the end of the lesson, and there was no time to 
troubleshoot at that time. Then the student saved the circuit in a file that can be uploaded to 
VISIR the next lesson. The student therefore does not need to rewire the circuit, which they 
had to do during a hands-on (alternatively not being able to do troubleshooting). 

• The remote laboratory was not always available, due to the server being down. 

5.2 Questions from students 
This subchapter presents a number of common questions from students, experienced during the 
courses presented in this paper. This is included to provide a qualitative understanding of the 
students’ reactions and handling of these laboratory moments. 

Can you have negative current?  

Why does the ampere meter show a current when DC Power is set to zero Volt? Shouldn't the 
current be zero then? The current unit was set to microampere (uA). 

A student had the wrong slope on the U-I graph, 3.7 instead of 2.7 as it should have been given that 
resistor 2.7k was used. Why? The voltmeter was set to measure Ohms instead of Volts. No error 
messages appear in VISIR because the circuit was allowed by the virtual instructor. 
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Several students connect the voltmeter in series with the resistor, as if it was an ampere meter.  

Where can I find information that will help me understand the instruments in the laboratory?  
Answer from teacher: I don't have any manual that explains the instrument. Have you used a 
multimeter in real life (hands-on)? Maybe at school or at your work place? If we book a time for a 
video meeting, I could show more about the laboratory. Are you interested? 

I get a reading that jumps between -400 and +400 micro Volt (uV), have I connected something 
wrong? Figure 9 was attached to the question. The student also has the opportunity to save a file and 
the teacher can then upload it to the VISIR web page. The student does not know that the holes in 
the upper field is connected horizontal, and therefore there will be a short circuit. 

 

Figure 9. A student has wired a circuit and had a question about it. 

5.3 Collected data on student activity and outcome 
 

In this subchapter, data collected from student activities are presented. The dataset includes the 
number of VISIR accesses, the results from theoretical exams, the quantity of laboratory reports, and 
the course grade. 

Table 4 contains an aggregate of collected data about obtained marks on the theoretical test 
questions, the number of reports handed in, and the number of VISIR accesses. The same teacher has 
taught all the student groups. 

From October to December 2016, groups N15 and N16 were at different years in their education, 
N16 at year 1 and N15 at year 2. They took part in the same physics courses but learned the scientific 
field in a different order in their courses. It was the same with N18 (year 2) and N19 (year 1) from 
October to December 2019. Also, N18 learned about electricity during their second year. Students in 
the second year have learned more mathematics, which can affect the interpretation of graphs. This 
can be seen in their laboratory reports. 

The following theoretical test questions were integrated together with questions in other fields for 
the students. Figure 7 is related to questions Q1-Q3. 

• Q1. Draw a circuit diagram for the circuit wired on VISIR. (2 marks) 
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• Q2. Draw in the circuit wired on VISIR how a voltmeter could be connected to measure 
the voltage across one of the resistors. (1 marks) 

• Q3. What does the ampere meter show if all the resistors have a resistance of 200 Ohm 
and the DC-Power is set to 5.4 V? (3 marks) 

• Q4a. Depict the circuit in Figure 10 into the breadboard. A figure of an empty breadboard 
is attached to the question.  Q4b. What does the ampere meter show if all the resistors 
have a resistance of 100 Ohm and the DC-Power is set to 6.0 V? (4 marks)  

Figure 10. This picture is attached to question 4 (Q4a and Q4b). 

Q1 has good results in two groups, N17 and N19, having in total 60 out of the 81 students which had 
this question. That indicates that they have learned to interpret a circuit on the breadboard. Q2 has 
low results, indicating that the students not understand how to connect the DMM. Q4a was correctly 
solved by 19 students out of 37. 

It was mandatory for groups N15-N19 to hand in a laboratory report, hence the large proportion of 
reports submitted. For groups BTH2012 and BTH2013 it was an opportunity but not mandatory to 
hand in a report. The students in group PDP 19 and PDP20 could increase their achievement level 
and their grades if good results in their laboratory work was handed in. 

The column to the right, in Table 4, gives the number of sessions in VISIR done by each student, 
sorted by intervals. An activated account with zero accesses indicates a peculiar situation where a 
student has accessed VISIR to activate his or her own account but then performed no remote 
experiment at all. 

Table 4. Collected data about exam results, number of reports and VISIR accesses. 

Group Number 
of 

students 

Q1 
Marks: 
0,1,2 

Q2 
Marks: 

0 ,1 

Q3 
Marks: 
0, 1,2,3 

Q4 
Marks: 

0, 1,2,3,4 

Grade 
1-5 

 

Number of 
Reports 

handed in 

VISIR accesses 
Before exam or reports 

        0 1-4 5-8 9-15 
N15 36     3,77 29 0 36 0 0 
N16 37    2,51 3,68 31     
N17 19 1,67 0,28 1,67  3,58 18 0 4 11 4 
N18  21 1,10 0,33 0,90  4,14 17 0 19 2 0 
N19 41 1,47 0,50 1,15  3,61 39 0 41 0 0 
BTH2012 41      10 21* 13 7 0 
BTH2013 27      13 5 15 7 0 
      Grade 

1-7 
     

PDP19 17     5,13 11 2 15 0 0 
PDP20 15     5,50 9 3 10 2 0 

*) 7 students did not activate the account.  

5.4 Questionnaire 
After the sessions in the courses Physics 1 a questionnaire was distributed to the students to acquire 
their opinion about the VISIR laboratory. The questionnaire has 13 items and covers four 
characteristics of a RL:  
1) usability (Q2-Q4)  
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2) sense of reality (Q5-Q7) 
3) usefulness (Q1, Q8-Q10) 
4) quality of the service (Q11) 
The questions Q12 and Q13 are open ended. The questions from the questionnaire are presented in 
Table 5. For each item in the questionnaire a rating was calculated as the arithmetic mean of the 
scores given by the students for that particular item, see Table 5.  

A representative selection of the answers from the students to the open-ended questions are: 

Q12: State two things you think are positive with the remote laboratory VISIR. 

• Fairly easy to use, easier to do labs on the computer than in reality with a lot of cords, etc. 
• Easy to use and simulates reality well. 
• You don't have to take out equipment from cupboards. 
• It is possible to quickly obtain a result that is correct. It's easy to experiment and do 

experiment VISIR without breaking anything. 
• You can do labs from home and it's pretty easy once you get the hang of it 

Q13: Suggest two things that would help your teacher to improve the remote laboratory VISIR. 

• Sometimes it is difficult to troubleshoot the connections. It would be good (don't know if it's 
possible but still) if it could be shown where the connection error is. 

• I see no advantage in us checking real instruments, when you use more and more 
simulations in working life. For the uses we have, any differences between real equipment 
and simulation will not have many noticeable differences. But if you now insist on using real 
instruments, you want a webcam that films the switches that control and also how the 
instruments look. 

• A more modern layout on the home page. 

The majority of the students were satisfied with VISIR. They showed a great interest in the laboratory 
experiments, and appreciated that they were not simulations but happened in real life. Based on the 
results of the questionnaire in Table 5 some conclusions can be drawn: 

• Q8 got low marks from three groups. More work can be done with introducing the remote 
laboratory VISIR to the students before their first laboratory work.  

• Q11 got low marks from group N19, probably because the VISIR had problem with the server 
in December 2019. Providing information on the website that the laboratory is out of order 
would have been good to inform the students. Often, the students only detect that the 
laboratory was not operational when they attempt their first measurements.  

• VISIR is accepted by the students as a good learning tool, see Q2, and they think it is a good 
idea to extend it to all students. But in the same time Q3 got low marks, indicating that the 
laboratory does not always motivate the students to learn more in the subject.  
 

The students in the distance course Physics for Product Development, at Blekinge Institute of 
Technology, got the two following open-ended questions after the sessions. The figure in the 
parentheses shows the number of responding students.  

 
Question 1: The work in the distance laboratory has been helpful in achieving the course goals in 
electrical engineering. 
 
Student answers:  

Yes (14), No (1), Not used the laboratory (1), Not to any great extent (1), I have not learned 
much from the distance laboratory, there is a lack of written material (1), For my part, this 
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was known, as I have an electrical laboratory at home (1), Interesting to work in a virtual 
laboratory (1), It was both useful, a bit clever and fascinated that you can work remotely! (1), 
The remote laboratory was really good because it helped on the way to the exam (1), Yes, it 
helped me to better understand electrical engineering. Faster feedback is probably 
something that can be improved (1), Working too much right now, didn't have time to do the 
laboratory work (1), I thought the laboratory was educational and gave you a clear picture of 
how to connect (1). 

Question 2: The work in the distance laboratory has been of great importance for the possibility to 
connect theory and practice in the course. 

Student answers:  

Yes (16), No (3), Not used the laboratory (1), It has not been important for me, as I could do 
these experiments at home (1), Definitely good with some practical exercises (1). 

Other comments from students:  

The distance laboratory with clear instructions is an appreciated bonus! (1). It has been 
interesting to see how the distance laboratory itself has worked (1). 

Table 5. Results of the Questionnaire for usage of VISIR 

 
 
Results of the Questionnaire for usage of VISIR 
Scale:    1 (I not agree) – 5 (I agree) 

N15 
Year 2 

students 

N16 
Year 1 

students 

N18 
Year 2 

students 

N19 
Year 1 

students 
 

 
Surveys/Number of students in the course  27/36 21/37 39/41 39/41 

usability 

Q2 The remote laboratory helps me with my hands-on laboratory work. 3.4 3.7 4.0 3.6 
Q3 I have been motivated by the Remote laboratory to learn more about the subject.  2.6 2.9 2.8 2.6 
Q4 It is a good idea to extend this remote laboratory to all the students. 3.4 3.5 3.7 3.3 

sense of 
reality 

Q5 Using the remote laboratory, I feel it is real and not a simulation. 2.8 2.9 3.2 2.9 
Q6 I would like to have a webcam to see something at the remote laboratory. 3.2 2.6 2.4 3.1 
Q7 Being far from the remote laboratory, I have felt myself to be in control of it. 3.3 3.6 3.6 3.4 

usefulnes 
Q1 I have enjoyed using the remote laboratory. 3.0 3.0 3.5 3.2 
Q8 The remote laboratory is easy to use the first time. 3.3 2.5 2.5 2.1 
Q9 The different devices are easy to use. 3.3 3.2 3.3 2.9 

Q10 The devices front panels at the remote laboratory are similar to our school real devices.  3.7 3.3 3.3 3.4 

quality 
of service 

Q11 Always when I logged in to the remote laboratory I got access to it. 3.1 2.5 3.9 
 

2.0 

 Q12 State two things you think are positive with the remote laboratory.     
 Q13 Suggest two things that would help your teacher to improve the remote laboratory.     
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6. Conclusions 
In the spring of 2020, due to the COVID-19 pandemic, the upper secondary school Katedralskolan 
rapidly transitioned classes and activities to be conducted remotely. Experiences from previous 
distance learning courses at BTH, Physics for Product Development, could now be used during Covid-
19. The remote laboratory VISIR was very appreciated by the students in these distance courses at 
BTH. The implications from the distance teaching period 2020-2021 at Katedralskolan are that the 
remote laboratory VISIR, earlier used in on-site courses, was easy to implement for use both by 
teachers and students. 

The rapid transition of classes and activities to be conducted remotely was a new situation for 
everyone. The teacher must be prepared to deal with technical issues, from internet connection 
problems to access to resources, especially when planning for students to conduct laboratory work at 
home. Both the preparation time for teachers and coursework time for students can be dramatically 
increased when doing the course remotely. Synchronous, short meetings with small groups via video 
conferencing, in Google Meet breakout rooms, worked well during laboratory exercises classes. 

In the courses, the teachers introduce remote laboratory VISIR to students before starting the actual 
work with VISIR. In general, students encounter some difficulties when they start using the system. If 
the teacher does not provide assistance and encouragement in overcoming this initial barrier, the 
probability of dropping out increases. The evaluation shows that more work can be done with the 
introduction of the VISIR. The results from the questionnaire also show that the students are not 
convinced that the measurements are from real equipment and not from simulations. This implies 
that more work can be done with the VISIR interface. The theoretical test questions reveal that the 
students have learned to interpret a circuit on the breadboard, see Q1, but on the other hand, they 
did not succeed in drawing the circuit in the test into the breadboard, see Q4a.  

The students showed great interest in the laboratory work. The number of VISIR accesses per student 
shows that four are enough to fulfil the experimental work and hand in a laboratory report. In the 
courses where it was mandatory to hand in a laboratory report, a large proportion of the expected 
reports were submitted. 
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During a substantial part of their time young people of today live in an 
online world. The medial evolution has also influenced education and 
today much research work concerns the transfer of the physical world 
into the online one. One example is laboratories in science, technology, 
engineering, and mathematics (STEM) education that are available 
in online rooms. They enable students to be at home in front of a 
computer and on-screen watch and operate the physical equipment in 
the laboratory at school.

It is a general agreement that laboratory lessons are necessary in 
subjects such as physics, chemistry and biology. Physical experiments 
provide a great way for students to learn more about nature and its 
possibilities as well as limitations. Experimental work can be provided 
by laboratories in three different categories; 1) hands-on, 2) remote and 
3) simulated. 

This thesis addresses how to implement remote laboratories as a 
teaching methodology. It presents examples of upper secondary school 
students’ experimental work and their evaluation of remote laboratories 
regarding usability, sense of reality and technical problems.

In order to gain a better understanding of the situation and needs 
regarding laboratory activities in an upper secondary school, eight 
physics teachers were interviewed at six different schools. Furthermore, 
165 upper secondary school students answered a questionnaire survey 
regarding subject preferences, program choices, views on technology 
and self-ability, and their approach to technology and technology-
related situations. This thesis also describes another education 
approach where academia, industry, and research institutes cooperate 
around the development and implementation of master level courses. 
The pedagogical approach utilized in these master level courses has 
been flipped classroom.

In this thesis, the usage of remotely controlled laboratories in 
physics education at an upper secondary school and a university 
are addressed. The main objective of this project is to investigate the 
feasibility of using the Virtual Instruments System in Reality (VISIR) 
technology for remotely controlled laboratories, developed at Blekinge 
Institute of Technology, in upper secondary schools. The laboratory 
setup can be shared and utilized almost 24/7, thus reducing the 
associated costs and eliminating time restrictions.


	Tom sida
	350945_1_G5_Lena C.pdf
	Abstract
	Table of Contents
	Abstract
	Populärvetenskaplig sammanfattning
	List of Publications
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V
	Paper VI
	Paper VII
	Paper VIII
	Other publications.

	Author’s contribution to the papers
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V
	Paper VI
	Paper VII
	Paper VIII:

	Abbreviations
	Acknowledgments
	1 Introduction
	1.1 Overview and motivation
	1.2 Thesis organization

	2 The role of experimental work in the teaching and learning of science
	2.1 Categories of laboratories
	2.1.1 Local laboratory at school with equipment to perform hands-on laboratory work
	2.1.2 Remote laboratories
	2.1.3 Simulated laboratories


	3 Remote laboratories used in this research
	3.1 The VISIR electronics laboratory
	3.2 The VISIR acoustics laboratory
	3.3 The inclined plane
	3.4 The smart home laboratory

	4 Didactic methods
	4.1 How can students work with a VISIR electronics laboratory?
	4.2 Teaching with a VISIR electronics laboratory compared to a hands-on laboratory
	4.3 Flipped Classroom
	4.4 Laboratory student work

	5 Methodology
	5.1 Research context
	5.2 Research methods
	5.3 Ethical considerations

	6 Summary of the appended papers
	6.1 Paper I - Remote laboratory experiments at the upper secondary school Katedralskolan in Lund
	6.2 Paper II - Using an online remote laboratory for electrical experiments in upper secondary education
	6.3 Paper III - Using a VISIR laboratory to supplement teaching and learning processes in physics courses in a Swedish upper secondary school
	6.4  Paper IV - Displacement measurements versus time using a remote Inclined Plane laboratory
	6.5 Paper V - Expert Competence in Remote Diagnostics - Industrial Interests, Educational Goals, Flipped Classroom & Laboratory Settings
	6.6 Paper VI - STEM Education on Equal Terms Through the Flipped Laboratory Approach.
	6.7 Paper VII - Gender-Related Differences for Subject Interest and Academic Emotions for STEM Subjects among Swedish Upper Secondary School Students.
	6.8 Paper VIII - STEM Education: A Remote Laboratory Implementation in Physics Courses,

	7 Conclusions and future work
	References
	Appended papers
	Tom sida
	Tom sida
	Tom sida
	Tom sida
	Paper II.pdf
	call2.pdf

	Tom sida
	Tom sida
	Tom sida
	Tom sida
	Tom sida
	Tom sida
	Paper V.pdf
	Expert Competence in Remote Diagnostics - Industrial Interests, Educational Goals, Flipped Classroom ...
	Abstract
	1 Introduction
	2 Outline of the Courses in Smart Home and Health Applications
	2.1 Course 1: Technical Metrology
	2.2 Course 2: Analysis and Modeling 1
	2.3 Course 3 - Analysis and Modeling 2

	3 Lab Settings and Design of Lab Exercises
	3.1 Smart Home Lab Architecture and Settings
	3.2 Laborations 1 and 2 Platform
	3.3 Design of Lab Exercises 1
	3.4 Design of Lab Exercises 2

	4 Flipped Classroom Outline
	5 Results
	6 Conclusion
	References


	Paper VI.pdf
	STEM Education on Equal Terms Through the Flipped Laboratory Approach
	Abstract
	1 Introduction
	2 Study Description
	3 Feasibility Analysis for the Flipped Laboratory Approach
	3.1 Results from the Interview and Questionnaire Studies
	3.2 Results from the Market Analysis
	3.3 SWOT Analysis for the Flipped Laboratory Approach

	4 Conceptual Design for the Flipped Laboratory Approach
	4.1 Overall Process Design
	4.2 Implementation Plan

	5 Conclusions
	References


	Tom sida
	paper VII.pdf
	Introduction 
	Materials and Methods 
	Theoretical Foundation and Research Questions 
	Study Design 

	Results 
	Gender-Related Differences in Interest and Self-Efficacy 
	Education Oriented Differences in Interest and Self-Efficacy 

	Discussion 
	Conclusions 
	Appendix A
	References

	Paper VIII.pdf
	Abstract
	1. Introduction
	2. The internet accessible remote laboratory VISIR
	3. Courses descriptions
	3.1 Physics 1
	3.2 Physics:prep
	3.3 Physics for Product Development

	4. Methods
	4.1 Teachers preparation for electrical experiments
	4.2 Methods used in lectures
	4.3 Distance based lectures

	5. Results
	5.1 Teacher experience
	5.2 Questions from students
	5.3 Collected data on student activity and outcome
	5.4 Questionnaire

	6. Conclusions
	References

	Tom sida
	Tom sida




