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FUNGI – SUBTERRANEAN HUB
“You find twice the amount of life-giving nitrogen and phosphorous in plants that cooperate
with fungal partners than in plants that tap the soil with their roots alone... To enter into a
partnership with one of the many thousands of kinds of fungi, a tree must be very open. The
fungus not only penetrates and envelops the tree's roots, but also allows its web to roam through
the surrounding forest floor. In doing so, it extends the reach of the tree's own roots as the web
grows out towards the other trees. Here, it connects with other trees' fungal partners and roots.
And so a network is created, and now it's easy for the trees to exchange vital nutrients and even
information – such as an impending insect attack. This connection makes fungi something like
the forest Internet...”

Quote from Peter Wohlleben's book The Hidden Life of Trees (2016, 50-51)

The picture on the front represents the part
of a fungus that can be seen above ground.
The actual fungus, which has a life that
spans several decades, consists of a network
of up to one hundred square metres of underground threads. This network is part of a
wider context since fungal threads interconnect with tree roots, which in turn interconnect with various other kinds of fungus
that are interconnected with other trees and
plants. The network is so tightly woven that
a single tablespoon of soil can hold ten
kilometres of fungal threads.
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SUMMARY
A needs inventory was carried out at the preschool and school level as a means
of gathering data for a needs-driven evaluation of IoT-based (Internet of Things)
solutions for these environments. The study was conducted through evaluation
of the preschool and school environment, and workshop exercises with staff
and upper-secondary school students. Analysis of the collected material shows
that many of the needs are practical and administrative in nature, while needs
directly linked to teaching and learning are not as common. There are also many
needs linked to existing IT systems and procedures related to these.
Some areas of need are highlighted as being particularly suitable for further
investigation, as they appear to be especially common and are close to typical
application areas for IoT. However, the large number of needs associated with
existing IT systems can be seen as an indicator that future implementations
should be cautious about adding tasks to the teachers' workload. A guideline
should instead be to integrate these seamlessly into existing physical and digital
environments.
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1. INTRODUCTION
IoT (internet of things) is a technology that is constantly advancing, driven by
technological development, marketing, and growing public interest. There are
numerous promises of streamlining, and the school is one of many parts of
society where this type of technology has begun to seep in. In order for this the
possibilities and shortcomings of the technology have to be understood and,
more so, the technology must target actual needs. Otherwise, there is a risk
that the technology will be used for technology’s sake, which at worst could
lead to more needs arising, for example in the form of maintenance.
This report is the first part of “IoT Hubb Skola” [IoT Hub Education] project,
aimed at responding to this development by exploring how IoT-based solutions
can contribute to a better school. The report describes the needs identified in
preschool and school, primarily those that could be met using IoT technology.
The report does not, however, attempt to match these identified needs with
specific IoT applications. Such work will take place later through practical
evaluations.
It is quite possible that a deeper or different picture of the needs will be
developed as work progresses, and it may therefore be necessary to update the
reports.

1.1

DESCRIPTION OF THE TASK

This report is intended to provide an understanding of the needs in the
education sector, where sensors or internet of things technology may be
solutions. It is a supplement to the project's other reports (IoT in education –
Privacy, security and law 2019 and IoT in education – State-of-the-art for teaching
and learning 2019), which have been published in parallel. These include an
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external environment analysis1 and address the legal, security and ethical
aspects of IoT in the school environment2. These aspects are very important to
evaluate, particularly in the school environment, which in many cases involves
data collection in an environment with minors with compulsory attendance. An
analysis is also important from a GDPR perspective.
The project finds that the positive effects of IoT tend to fall into two main
categories:
•

streamlining of the use of school resources in the form of working
time

•

better understanding of teaching and learning processes in order to
facilitate learning

This needs analysis will be followed by an evaluation of the technological
solutions intended to mitigate some of these needs. Solutions will be selected
for testing based on what is technologically possible as well as how great a
benefit the particular solution can offer.

1.2

DEFINITION OF INTERNET OF THINGS

The term internet of things (IoT) is used in relation to how common everyday
objects are connected and communicate over the internet and other networks.
This means that they can provide data about themselves and others in their
environment, and that this data can then be stored, aggregated and used. One
example is how hundreds of temperature sensors can store temperature values
in the same database.
A broad definition is that IoT is a global network infrastructure that connects
uniquely identified physical and virtual objects, things and devices through the
use of data collection, communication and manoeuvrability. However, IoT is not
only about things, but also about the relationships humans have with them.
Analysis of the data can be done manually by e.g. presenting graphs and
other visualisations to the user, or automatically, where a computer chooses
what should be done depending on the values it receives. In the latter case,
it becomes more and more common for artificial intelligence (also known
as machine learning) to be used to interpret and make decisions based on
large amounts of information, usually from several different types of sensors
simultaneously. One example of the latter is where several different types of
sensors – like access control turnstiles, surveillance cameras, distance sensors,
scales, etc. – are used to accurately track customer movements and actions
in Amazon's Amazon Go stores in the USA. This enables these stores to
understand exactly what the customer has picked up, and automatically charge
for the item(s) when the customer leaves the store3.

1
Hernwall, Ramberg, IoT in the school – State-of-the-art for teaching and
learning 2019
2
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Hylén, IoT in the school – Privacy, security and law 2019

3
I spent 53 minutes in Amazon Go and saw the future of retail - CNN.com
https://edition.cnn.com/2018/10/03/tech/amazon-go/index.html

2. WORK METHOD
The material for this needs inventory was collected from schools and preschools
linked to the overall project.
The following schools and preschools were visited:
•

Furulidsskolan preschool–9 (Kungsbacka Municipality)

•

Västervik Gymnasium [upper-secondary school] (Västervik
Municipality)

•

Tallbacka förskola [preschool] (Skellefteå Municipality)

•

Birkagårds förskola [preschool] (Skellefteå Municipality)

•

Bureskolan preschool–9 (Skellefteå Municipality)

•

Björkris förskola [preschool] (Kungsbacka Municipality)

•

Bodals skola preschool–9 (Lidingö Municipality)

•

NTI Gymnasiet Helsingborg [upper-secondary school) (NTI
Gymnasiet)

•

NTI Gymnasiet Johanneberg [upper-secondary school) (NTI
Gymnasiet)		

The selection was largely based on which schools were able to schedule in
workshops with the school staff during the winter of 2018, according to the
timetable for the overall project.
Information was gathered through visits and discussions with the staff of
the various schools. The main material comes from the workshops that were
conducted with a focus on finding aspects of the work that the staff think work
poorly or are resource-intensive, or simply work tasks that are undesirable.
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2.1

OBSERVATION STUDIES AT THE SCHOOLS

At each school visit, time was set aside to visit the various premises and meet
students and staff. This was documented with notes and photos. The tours
were usually led by a school official with good insight into its activities, such
as the head teacher or preschool manager. The opportunity was given to ask
questions to gain a better understanding of how the school operates. On
average, just over one hour per school was spent in these tours.
The tours could provide clues and give rise to questions that could then be
followed up on in the meeting with other staff and students, not least in the
workshops.

2.2

INFORMATION PROVIDED

Before the workshops were held, the participants were given an introduction to
the project and to the subject IoT.
The content was adapted to the time available, as approximately 45–60
minutes were devoted to the actual workshop exercises. On all occasions,
the participants were given an introduction to IoT and the project as a
whole. If time permitted, information was also given about repeated design
processes and the importance of maintaining a dialogue with the end users
when developing new technological solutions. This was done to create an
understanding of the participants' own role in the project.

2.3. WORKSHOP
Workshop exercises were performed in groups of 4–8 people with mixed
professional roles. The ambition was to have as many professional roles as
possible represented in the group work. The majority of the participants were
teachers/educators, but virtually all professional categories participated at
some point.
During the workshops, the groups were asked to think about a typical working
day and, using a pen and post-it notes, mark on a timeline the elements and
events they consider problematic in one way or another or that steal time and
create friction. The focus was on identifying what the staff consider problem
areas and on giving us an understanding of their working day. A secondary goal
of this approach was to see which ideas about technological solutions emerged
after they listened to the presentation about IoT. A closer evaluation of these
is not within the scope of this report. This will instead take place in connection
with continued evaluation of potential IoT solutions.
To capture more of the groups' thoughts about the ideas, at the end of the
workshop they were asked to record videos where they present their thoughts
and explain what they mean by their notes.
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A workshop was also held with two upper-secondary school classes. These
workshops were conducted as led group discussions, where ideas and

contributions were noted on a timeline on the board. This format was used
because time with the classes was limited. This type of dialogue kept the
discussion more focused and gave better opportunity to ask follow-up
questions. However, this probably was at the expense of the number of
identified needs, which would probably have been greater if the class had been
divided into small groups working independently.

Figure 1. Example of work materials during a workshop with upper-secondary school
pupils

After the first school visit, we noticed a tendency for the staff to confuse
possible IoT application in the school with the new pedagogical elements and
tools introduced in connection with governance document changes in the
autumn of 2018. These changes, where digital competence was incorporated
into all subject and course syllabuses at all school stages, included content
aimed at teaching programming and computational thinking. The governance
document changes resulted in many new teaching aids of a technological
nature. We found that several groups had a tendency to focus the discussion
on this type of aid, rather than on possible pedagogical use of IoT technology
or need in general. The instructions were therefore made clearer in the
subsequent school visits. We explained that digitalised tools that were explicitly
developed to be teaching aids are not usually IoT solutions that are used in the
classroom. As an example, we stated that IoT solutions are usually mounted and
work autonomously.

2.4. ANALYSIS OF THE MATERIAL
In the analysis of the workshop material, the video recordings were used
extensively to give context and gain deeper understanding of what was written
on the post-it notes. Own notes and impressions from the workshops and the
tours were also used to understand the context at each school. When reviewing
the material, the expressed needs were compiled under a number of categories.
11

As the number of participants was relatively small, about 250 people, and
unevenly distributed between different locations, we did not consider it
appropriate to try to perform a quantitative analysis of the reported needs.

Figure 2. Work materials

The analysis is instead qualitative in nature, based on an overall picture obtained
through the workshop material, discussions with workshop participants and the
observation studies at the schools.
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3. IDENTIFIED NEEDS
Most of the needs reported here are taken from the workshop exercises at
the respective schools. A small portion comes from own observations and
questions posed to Students and staff within the framework of the workshop
itself.
During the tours in the premises, it was common to seek planning tools and
organisational systems that could indicate administrative needs; see Figure 3.
These observations could then be followed up in the meeting with school staff
and students. Observations from the tours could also help us understand the
needs identified in the workshops.

Figure 3. Examples of manual aids. (anonymised)
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3.1. SECURITY AND MONITORING
Under the Swedish Education Act and the UN Convention on the Rights of the
Child, children and students have the right to a safe and secure environment.
Both students and teachers have the school as their workplace, and as such,
the requirements for security are high. The school authority is responsible for
ensuring that systematic work is carried out to meet this need. At the same
time, a holistic perspective is needed in relation to student health4.

3.1.1 ENTRY
Schools are usually an open environment, and it is currently unusual to have
an access control system to prevent unauthorised individuals from gaining
entry to the premises. At the same time, it is part of the school's responsibility
to provide a safe and secure environment for teachers and students. Part of
this responsibility relates to having some control over who is found on school
property. At present, it is usually a matter of the employees trying to keep an
eye out. But, this is often inadequate in practice and not everyone on the staff
is comfortable in the role of having to question individuals' right to enter the
property.
Physical and mental security are a prerequisite for a functioning school
organisation. The limitations that this prerequisite leads to are often a source
of extra work in the form of locked areas of the school, alarm systems,
surveillance, etc. Needing to unlock the doors of a group room or other rooms
for students and having to arm and disarm an alarm are examples of extra work
it entails.
Theft of school property and students' property is considered a problem in
some schools. Thefts at certain vocational training programmes is particularly
problematic, where expensive equipment sometimes disappears.
In the event of fire or other evacuation, it is difficult to verify with the requisite
certainty that everyone has actually gotten out.
Keys, access cards and tags that provide different levels of access to school
premises exist at almost all of the organisations. In this regard, it is most
problematic in older premises with outdated solutions, where many keys may
be needed and where administration of keys and lock changes is expensive and
time consuming.
It is worth noting that no group reported that a fear of school shootings or
similar acts was perceived as being constantly present or directly affecting the
organisation. This type of fear has otherwise been a driving force for increased
surveillance through, among other things, IoT in schools in other countries5.

4
https://www.skolverket.se/skolutveckling/leda-och-organisera-skolan/systematiskt-arbete-i-skola-och-forskola/sakerhet-och-krisberedskap-i-skola-och-forskola
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5

https://www.iotworldtoday.com/2016/07/28/high-tech-solution-school-shootings/

3.1.2 STUDENT MONITORING
To reach further with the work to ensure a safe and well-functioning school
environment, the staff would like better understanding of how students use
the school grounds and rooms. Understanding how the students spend their
breaks, where they do homework, where fights occur, or where students
secretly smoke are examples of things that are considered to be of interest.
For young children, the scenarios usually deal with children who hide or run
away, thus creating worry and stress until they are located. At the preschool,
there is a desire to be able to see which children are outside versus inside (see
Figure 3), particularly in cases where a preschool has several entrances and exits
from the school yard. This is often linked to the need to know which member of
staff is responsible for which child at a given time.
Surveillance in the form of indoor and outdoor cameras is used in some schools
as a kind of deterrent against violence and vandalism. In the absence of a
completely safe school environment, better opportunities for quickly calling
attention to and responding to threatening situations are desired.
Another desire of the staff is to know what the students are doing in their free
periods between classes so that they can encourage students who are not using
this time for studies to change their behaviour.
A desire to identify smokers also appeared among several groups at an
upper-secondary school.
Another desire that was expressed was to be able to easily confirm that the
school building are empty before the alarm is armed.

3.2

ENVIRONMENT

The schools and preschools that were examined as part of this inventory provide
examples of a wide range of environments. Not unexpectedly, concerns about
the physical environment are often somewhat worse in older buildings that may
be hard to adapt to modern needs. Where school activities have been housed in
premises designed with other types of activities in mind, problems appear even
in newer premises.

3.2.1 INDOOR ENVIRONMENT
Poor air quality is a recurring concern. There are strong links between air
quality and performance6 7, and major differences exist between different school
buildings when it comes to this issue. In cases where it is possible to ventilate by
opening the windows, the staff would like better opportunities to monitor the
air quality and get indications of when it is time to ventilate.

6
Barrett, Peter, et al. Clever classrooms: summary report of the HEAD project
(holistic evidence and design. Salford: University of Salford, 2015.
7
Is CO2 an Indoor Pollutant? Direct Effects of Low-to-Moderate CO2 Concentrations on Human Decision-Making Performance - US National Library of Medicine https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC3548274/
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Entering a room where a class has just been held and the air is already poor is
perceived as particularly tough.
Having to open windows and sometimes doors to ventilate leads to work to
ensure they are closed before the end of the school day. Ventilating during the
winter months or pollen season can be problematic, as the temperature quickly
drops if the outdoor temperature is low and allergy sufferers may have more
difficulties if the pollen count is high. Smoking outside the windows is also
something that makes it impossible to ventilate in some rooms.
The indoor temperature is poorly regulated in some schools, especially on
Monday mornings after the heat had been turned down over the weekend.
Lighting is a source of a number of different problems that vary from
organisation to organisation, and sometimes from room to room. In rooms
with no access to daylight, this is perceived as a problem. At the same time,
large windows can be disruptive since students look out and lose their
concentration if there is a lot of activity outside. A newly built preschool had
a lighting system that was too complicated to manage for a large proportion
of the staff. Problems with motion sensors that automatically light the lamps
when someone enters the room but that cannot be easily switched off lead to
problems during e.g. rest time in the preschool or during film viewing.
A high noise level is a common problem at the preschool, but also occurs in the
cafeteria and corridors of schools. At upper-secondary schools with vocational
programmes, like building construction, there were problems with noise and
dust.
Lack of rooms and other types of premises were a problem at many locations.
This seems to apply to both large and small schools, as even in large schools it
may take a lot of searching to find a room that is vacant. It was mentioned at
several locations that better overview of which rooms are vacant is needed.
Even if there is a room booking system, it is common for room reservations not
to be cancelled in time, leaving the rooms standing empty.
Depending on the type of activity, it may be difficult to find a room that meets
the lesson's needs in the form of technology, space, lab equipment, etc. Here, the
issue is a combination of poor overview, lack of rooms, and poor planning.
Physical accessibility is something that should be a natural part of the school
environment, but even if there are lifts, ramps, door openers and the like, it may
be that these assistive devices work poorly or require major detours.

3.2.2 OUTDOOR ENVIRONMENT
The outdoor environment differs greatly between organisations. The security
and monitoring requirements are greatest at the preschool level, and these
needs have usually been met satisfactorily. However, one problem mentioned
at one preschool was that even young children could climb over the fence
when there were deep piles of snow. Keeping track of all of the children can be
difficult depending on the layout of the school yard. Lighting needs to be good
for the staff to be able to properly monitor the school yards during the winter
months, when it is dark for much of the school day, particularly in the northern
parts of the country. The monitoring requirements diminish as the age of the
students increases.
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In a preschool organisation, there is an increased need to have an overview at all
times so that children do not disappear, and this is a source of stress for many.
The need for monitoring becomes particularly pronounced in certain situations
and when there is a large number of children and a small number of educators.

3.2.3 SOUND ENVIRONMENT
A good sound environment is an important part of a well-functioning school.
Sound that interferes with instruction is often described as a problem. This can
be sound inside the classroom or coming from areas adjacent to the classroom.
Cafeterias are also an environment susceptible to disruptive noise. An
uncontrolled environment contributes to a sense of insecurity and can lead to a
more negative school experience.

3.3

ADMINISTRATION

Administrative tasks are often considered something outside of the teacher's
role, and time that teachers devote to administration is considered time that
could have been used for tasks more directly linked to teaching. Even those
who have administration as a more natural part of their work can perceive
many aspects of the work as unmanageable and unnecessarily time consuming.
One example is software that works poorly or that requires many steps for
seemingly simple tasks.
School work must be documented and presented in, for example, reports to
SCB (Statistics Sweden), UHR (Swedish Council for Higher Education), KAA
(Municipal Activity Responsibility) and admissions. In connection with national
testing, there is extensive reporting of test results.

3.3.1 ATTENDANCE MANAGEMENT
Something most clearly identified as a problematic work element is attendance
management, especially in compulsory school and upper-secondary school.
Here, the school is obliged to document student attendance, while the task
does not add anything to the core activity. It is perceived as an administrative
sideline that steals time from the lessons. Even in administrative work,
attendance management requires time for documentation and follow-up. In a
time consumption calculation carried out by Tieto at Anderstorpsgymnasiet
[upper-secondary school], it was estimated that 17,280 hours per year were
eaten up by attendance management8. Anderstorpsgymnasiet has 160 teachers
and 1,250 students. Although this calculation may be considered an extreme,
it is hard to doubt that a lot of time could be saved by making attendance
management more efficient.
Attendance management includes several elements. There is the actual
attendance taking (usually at the start of the class), reporting this in the school's
system, and follow-up of any deviations.

8
Tieto, Skellefteå Kommun. (2018):The Future Classroom Project, Do innovative
technologies have the potential to transform presence registration?
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In the preschool (and also after-school care programmes), it is usually the
guardian who reports planned attendance and then performs attendance
registration e.g. at the time of drop-off. When visiting a preschool, many touch
panels were seen at the various entrances, where the guardian could report
the child's attendance at the time of drop-off. However, during the same tour,
we met teachers and older students who were tasked with double-registration
of attendance as there was no confidence that the terminals were always used
properly in the sometimes stressful drop-off situation.

3.3.2 HANDLING OF CONTACT DETAILS
Keeping lists of addresses, phone number, email addresses and other
information about students and parents updated can be time consuming,
and it is not uncommon to have to remind individuals to fill in the paper lists.
Here, there are cases where installed and running computer systems have
been abandoned because the new GDPR provisions make school management
uncertain about what is legal to use. Paper lists must therefore be filled in, and
the information must in some cases be distributed to parents or students.

3.3.3 STAFF ADMINISTRATION
School activities are characterised by schedules that must be functional and be
followed. There are many different needs that have to be balanced to minimise
frustration and achieve a functional work situation. Those who work actively
with scheduling often find the requirement to balance the needs of teachers
and students to be a recurring challenge.
A frequently-mentioned source of stress and extra work is finding substitute
teachers. Notification of teacher absence often comes in at the last second
in the morning, coverage must then be found from the school's own staff
or a substitute teacher must be called in. In this context, existing digital
communication tools, such as email, are found to be insufficient.

3.3.4 PURCHASING
The inventorying and purchasing of different types of material is considered
a taxing duty as it usually requires some manual work that is sometimes made
more difficult by procurement agreements that must be followed.

3.4.

STUDENT CONTACT/COMMUNICATION

Communication within the school staff, between teachers and student, and
between teachers and guardians gave rise to many reported needs.
Faster ways to reach the management team in the event of emergencies were
desired. This reflects an uncertainty in relation to the contact methods being
used. It is not always the case that a telephone call can be answered, and being
connected to digital communication aids does not always work smoothly for
everyone.
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3.5

FOOD

The eating of meals differs greatly between preschools and schools, and some
schools even handle meal preparation in-house. The latter is considered a
major addition to the school's activities that should add many opportunities for
automation and IoT solutions. Unfortunately, very little staff with insight into
this participated in the needs inventory, in part because the invitation did not
always reach them and in part because these workers constitute a relatively
small percentage of the total staff of a school. This has probably limited the
number of needs the project has been able to identify in this area. However,
this aspect of the school's activity will be the focus of another project, called
“Hållbar Skolmat genom Digitalisering”9 [Sustainable School Food through
Digitalisation]. Needs analysis and mappings in this project will be useful to the
“IoT Hubb Skola” project.
A lot of food is thrown away, both during cooking and from the plates, so
reducing food waste is a great need for both the school's finances and in a
broader environmental perspective. It may be a matter of taking requests to
know which food can be expected to be popular, knowing in advance how
much food is needed (taking into account e.g. in-service training days and
sports days), and giving students feedback on how much food is thrown away.
In general, many people want to make school food more attractive to ensure
that the students’ nutritional needs are met and minimise the students buying
their own food from outside.
In addition, there are special needs in the preschool since meals are often eaten
in small groups at different locations within the school. In such case, the staff
may need to keep track of when food will be ready for pick-up from the central
kitchen and whether they are starting to run out of anything in the classroom
refrigerator, and to get help with tidying up and washing dishes.
One wish that came to light was for the refrigerators and freezers to give a
warning if the temperature was incorrect.
School food was a common area of need for students. There were wishes to be
able to see in advance just how long the queue is in the cafeteria. At schools
where seating was more spread out, e.g. over different floors, there is a need to
see where there are vacant seats.

3.6. TECHNOLOGY
The schools are often already full of technology used in teaching. Common
feedback related to projectors, smartboards and lighting that were considered
difficult to use. An issue brought up by students was finding a wall socket. Many
schools give their students a computer or tablet. In such case, there is a desire
for better information about service and support, which otherwise requires a
lot of administrative work. If defective computers or tablets are not replaced in
time, it is easily at the expense of the affected students' learning.
Many desired faster feedback on whether systems are available and working.
Printers that are unavailable or not working are a common source of frustration,
as are wireless networks that go down.

9
Hållbar skolmat genom digitalisering - Vinnova https://www.vinnova.se/p/hallbar-skolmaltid-genom-digitalisering/
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3.7. PEDAGOGICS/LEARNING ANALYTICS
There is a desire for better tools for understanding and improving the
educational work. Is it possible to register speaking time for boys versus girls or
to see which students were given the most attention? Is it possible to monitor
where the teachers spend time within the room to better analyse whether
there are any students who perhaps do not receive as much help?
Keeping track of disruptions like calls, surfing, cheating, etc. is perceived as a
need. School staff often perceive digital platforms used in the school, both via
computers provided by the school and the students’ own mobile phones, to be
an extra disruptive element.
The teachers feel like they are expected to be in several places at once, and to
be able to have a conversation outside of the classroom while at the same time
keeping order inside of it.
Some teachers find assessing student performance and setting grades to be
a difficult and anxiety-laden task. Everything from better decision-making
support to fully automated systems for assessment were presented as
suggestions during the needs inventory. Getting quicker and more reliable
feedback on their submitted work was frequently mentioned in the student
groups.

3.8

STUDENT HEALTH

Many of the previously described needs can be linked to student health,
examples being a safe environment and well-functioning school meals. Stress
among students is commonplace, and, based on the workshop material,
understanding and being able to minimise stress is considered important.
Increased physical activity during the school day can help combat health issues
caused by too much time sitting, while also reducing stress and fatigue. On
most occasions, solutions were requested that could encourage students to
move more, both in everyday life at school and during gym classes.
The effect that the school environment and changes in this has on students
and their health is difficult to investigate. In this context, teachers and school
management desire greater understanding so that good solutions can be
implemented. Examples of things that can affect students' health and study
performance are daylight, diet, exercise and rest.
Students who skip meetings with the school nurse or counsellor are a concern,
and several groups would like a seamless reminder solution where students are
sent a text message ahead of the scheduled meeting time.
Students being unkind towards one another is a major contributing factor to
mental health issues among the students. Lack of empathy or understanding for
how their own actions and words affect others is part of the problem, and ways
to teach this are desired.
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3.9

LOGISTICS

Large and small logistics needs exist in all organisations, but take different
forms depending on the specific conditions of the organisation. Something
brought up during the needs inventory is that transports between different
premises for students and staff and the ability to easily see public transport
timetables are desired. Finding parking can be problematic and a source of
stress, particularly in the morning.
With the restaurant programme, there are special needs in the form of e.g. cash
accounting, stock inventorying, unpacking of deliveries, and updating of the
customer file.
An source of annoyance that came up is that there sometimes is no coffee
prepared. Since teachers usually have such a short amount of time between
classes, there is often no time to have a coffee break if the coffee is not already
made.

3.10 AREAS OF NEED WITHOUT CLEAR LINK TO IOT
Many specific needs were collected in relation to the numerous systems and
cloud services that are often used in school activities. In an informal survey
during a workshop with partners schools in this project, a list of over 60
administrative systems was compiled. The number of systems required to
manage the teaching work was reported as a source of frustration, and several
of these were described as cumbersome to perform everyday tasks with.
The needs surrounding these can be difficult to attack using IoT technology.
However, this technological environment is something that new IoT solutions
need to relate to, and at best be integrated directly with. This serves to reduce
the number of new interfaces that school staff and students need to use.
A number of potential administrative optimisations were reported, particularly
in relation to communication and coordination. However, it is not clear whether
these can be facilitated by IoT technology.
These include
•

better and more direct communication between teachers

•

quicker feedback to students, especially in courses that progress
quickly

•

simpler to reach out to students about cancelled classes, and about
upcoming appointments with guidance counsellors

•

smoother management of student progress meetings

•

smoother management of substitutes to cover for illness

•

better coordination during planning of activities in different
subjects/courses, especially in relation to tests

•

clearer guidelines for the handling of personal data
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•

possibility of reusing lesson materials to a greater extent

•

more space and order in the faculty rooms and the teacher's office

•

support in balancing help to individual students, so-called
mentoring work

Another recurring theme concerned the possibility of general individualisation
of teaching. Here, there are challenges in creating a teaching environment and
grounds for assessment that are fair.
Absent and suspended students are also considered something that is
resource-intensive. It often involves repetition of previously covered material,
and requires a lot of time and commitment from the teachers. Although IoT
link is unclear, it might be appropriate to evaluate more experimental remote
presence systems here.
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4. ANALYSIS OF METHOD AND
NEEDS
We felt that the chosen method worked well and was scalable to a larger
number of workshop participants. We got a slight sense that some people from
professional groups with lower prestige, such as cleaners and school meal staff,
were not given as much of a voice as others as they were in the minority among
the mixed groups. However, use of mixed groups was chosen to break up
existing group dynamics and broaden the participants' perspective.
The distinction made to distinguish IoT from the digital pedagogical tools
that are becoming more and more common may have caused the groups to
think less about needs related to teaching in the classroom, resulting in fewer
teaching and learning needs being identified. If follow-ups are performed,
we can try to clarify this further. Another possibility is that a lack of time is
considered the problem rather than the education pedagogy itself.
A number of exciting ideas and suggestions were put forward in relation to the
use of sensors in different aspects of teaching; something that will be discussed
further in the evaluation of specific IoT solutions in the next part of the project.
Things that could be classified as problems in personal chemistry emerged
during the inventory, but less than what might have been expected. It was mainly
said that some colleagues talk too much and take too much space. The fact that
there was not more of this type of problem reported may be an effect of the
workshop format, where all reported needs are fully visible to colleagues.
A number of areas of need appeared so often that they can be considered highly
relevant to the project going forward.

23

These are
•

Sound and air quality in the school environments

•

Attendance management

•

Booking, unlocking of rooms/premises

•

Repair requests, etc. for technological equipment

•

Repair requests for student computers

•

Substitute teachers

•

Automatic assessment

•

Optimise cleaning

Two needs specific to the preschool are
•

Meal logistics

•

Tracking of the children

In an IoT context, some of these areas are more “classic” problems than others.
Measuring air and sound in different environments is relatively common, as are
access systems for premises. Others, like repair request systems, likely mean
that new IoT systems need to be connected to existing systems. Still others, like
attendance management and tracking of individuals, have experimental solution,
but need to be reviewed from a legal and ethical perspective.
Assessment of student performance is a duty that some would like to skip. In
pace with the digitalisation of teaching, there is a growing number of tools to
better follow students' development. Here, there is a link to learning analytics.
However, fully automating grading was not something any school staff seriously
suggested expressed as a need during the inventory.
In addition to these, a number of needs have been identified that seem hard to
meet with today's IoT solutions since many are linked to communication and
coordination directly between people. They are nonetheless included in this
report, in part because there was a desire to create an overall picture of the
school's needs and in part because such technology-based limitations quickly
become outdated.
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5. CONCLUSION AND
DISCUSSION
The picture of the teaching profession reflected in this inventory is a
fragmented professional role that has many requirements to live up to. Much
of the administrative work is felt to steal time from the true work, which is
teaching. Here, the automation that IoT has the potential to offer could free
up resources for the actual work of teaching. However, the large number of
needs expressed in relation to the school's current IT solutions indicate that
it will contribute to even more needs arising – despite good intentions. One
way to try to minimise this risk could be to integrate IoT solutions with existing
administrative systems. This probably poses great practical challenges since
many different suppliers are involved and many of the systems currently in use
were developed before IoT standards began to emerge.
Many of the needs may seem trivial, but they point to a work situation where
feelings of inadequacy are common. For example, the act of reading emails may
not be problematic, but frustration grows when it must be done at the expense
of other pressing tasks. Here, differences in the ability to handle this workload
and many different tasks are largely individual.
In conclusion, there are many needs within the school and preschool that
could be met with various IoT solutions. More work is needed to understand
which technological solutions are applicable, taking into account not only
technological possibilities but also scalability and maintenance. In addition,
IoT, which registers and stores information about its environment (which may
include personal data), requires well-considered solutions – including from an
ethical and legal perspective, not least in relation to the GDPR. Most of the
solutions currently available were developed before this legislation entered into
force, or were designed for a primary market outside of the EU. An initial insight
into legal and ethical aspects of the subject can be found in the parallel report
IoT in the school – Privacy, security and law 2019, which was conducted within
the same project.
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