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Abstract. Future environmental and ecological sustainability depends on the younger generation's knowledge and 
interest within the fields of science and technology. In Sweden, we have seen a decreasing interest for higher education 
in these subjects, in particular mathematics and chemistry. Pupils in the age 13-15 declare that they find these subjects 
difficult to relate to and their opinion is that these subjects are difficult to learn and that only the really smart ones 
understand them. The trend is also noticeable in international surveys comparing pupils’ level of education at different 
ages. Since autumn 2011 pupils in secondary school (13 years) in towns of Kopparberg, Skinnskatteberg and Kumla, 
Sweden, are working with research experiments related to local environmental issues. The three year project is funded 
by two Leader organizations and is run by a researcher (PhD) in environmental science at the University of Örebro, 
Sweden. The pupils have their own research experiments at the school. Solving and finding new technologies for 
treatment/remediation of local environmental problems using alternative amendments is in focus during the 
experiments. The scientific quality of the experiments and the results should be good enough to allow for scientific 
publication. This research project shows that pupils can become very interested in environmental issues and science. 
The most important factors are: (1) A real problem, real research and someone truly interested in their results, (2) A 
local problem that they can relate to, and (3) They are allowed to follow their experiment, designing them, measuring 
on samples etc. 

INTRODUCTION 

According to the OECD study PISA (Programme for International Student Assessment) Sweden is the country 
with the largest knowledge drop for 15 year old pupils in mathematics, reading comprehension and natural sciences 
compared to earlier studies [1]. 

In Sweden 28 % of the pupils did not reach above level 2 in mathematics compared to 23 % as the OECD 
average. Compared to 2003 the results for the Swedish pupils dropped 31 % in 2012. In reading comprehension 
the corresponding numbers were 23 % compared to the OECD average of 18 %. Compared to 2000 the results for 
the Swedish pupils dropped 33 % in 2012. In natural sciences the numbers were 22 % compared to the OECD 
average of 18 %. Compared to 2006 the results for the Swedish pupils dropped 19 % in 2012. 

The questions to be asked are why our young students have such low interest in these subjects and what should 
we do to change this trend?   

This paper describes two school projects during the years 2011-2014. The aim with the projects was to increase 
the general interest for natural science in secondary school (age 13-15).  

In Sweden, a lot of work is made to introduce younger children to science. For example, within the NTA-
program which supports teachers to stimulate pupils´ curiosity, interests and knowledge in science and technology 
[2]. The NTA-program offers methods and experimental kits with different themes relating to chemical and 
physical phenomenon. Younger children also have a more natural positive attitude towards science and exploring 
for themselves, they are still very curious and take notice of the world around them. As the children become 
teenagers, this natural interest for science becomes lower [3].  



METHODOLOGY 

Description of the Projects 

The two projects are called “My Solutions” and “Heap Solutions” (freely translated from Swedish). My 
Solutions started autumn 2011 with pupils in the 7th grade (age 13) in two schools. A total of five classes per year 
with approximately 20 pupils in every class have participated. Each class took part in the project for one year 
(during the year they were in the 7th grade), so that every year five new classes joined the project. The two schools 
are located in the small towns of Kopparberg and Skinnskatteberg, with 4,900 and 4,400 citizens, respectively. 
These two towns are located in a region called Bergslagen, with a long history of mining. Although no mines are 
active in these towns nowadays, remains in the form of mining waste and local history are still very visible. 

Heap Solutions differed somewhat from My Solutions, as this project was open for all pupils in secondary 
school (age 13-15) in the town of Kumla (20,900 citizens). However, it was not mandatory to take part in Heap 
Solutions (as it was for My Solutions). Instead, the pupils that were interested applied for this project, as an extra 
curriculum. Heap Solutions hence had much less participants – 12 pupils in the age 13-15 during spring 2012-
2014. Heap Solutions did however turn to a broader audience; special days were arranged when the entire school 
took part in Heap Solutions activities. 

What was common for the projects was how the pupils worked with finding solutions to an 
environmental/chemical problem. Initially, the pupils were introduced (in class room) to the problem: background, 
environmental implications, what is done now, what needs to be done, how can we design scientific experiments 
to figure out what is the best solution for this site etc. The introduction was held by a researcher/scientist from the 
University of Örebro, and this researcher was thereafter assigned to the project and continued working and helping 
the pupils with the experiments. Secondly, the pupils went out in the field, and again got almost the same lecture 
on what was the problem with this site and what would be a good solution. In combination with this, they were 
told to collect samples which were to be taken back to the school in order to design and set up experiments. Before 
this they had also been told that the experiments were absolutely for real, it was real research and the results would 
be presented at scientific conferences. 

After setting up the experiments a period of sampling, measuring and data collection began. Once a week the 
pupils were working with their experiments, they leached their experiments with water and measured chemical 
parameters like pH, electrical conductivity and redox potential. All data was written down, both by the pupils and 
their teacher, and samples were as well saved and stored for later analysis (metals and inorganic anions) at the 
University of Örebro. This procedure was repeated until approximately 2 months of the project period of one year 
remained (My Solutions). As a final task, the pupils were then told to conclude what they had done and what their 
results looked like in a lab report. At this stage, the pupils had a lot of support both from their teacher and from 
the researcher leading the project.  

During the entire project period (both projects) the pupils also had a blog were they could ask the researcher 
questions. The blog was however mainly used by the researcher for asking the pupils questions, as well as publish 
the latest metal data, or showing them interesting links and/or happenings that might be of interest. As a part of 
the projects, all pupils also visited companies and industries that somehow were linked to their environmental 
problem/experiment. 

Since the start of the projects comments and statements from pupils, teachers and people linked to the projects 
in various ways have been collected. Together, these comments give a good picture of what the projects have 
meant to those who have participated and also how they have reached out to stakeholders and the general public. 

Local Environmental Problems 

In My Solutions pupils were working with finding solutions to acid rock drainage and stabilization of acidic 
mining waste. Sweden, and especially mid-Sweden in the region called Bergslagen, has a very long history of 
mining. There are hundreds of abandoned mine sites in need for remediation and mining waste is the single largest 
source for metal pollution to surface and ground waters in Sweden. A lot of research is made on how to remediate 
these sites in a cost-effective way. One way could be to increase pH (and thereby decrease the mobility for the 
metals of concern) by adding an alkaline amendment. The alkaline amendment would preferably be an industrial 
by-product, in that way you combine two waste materials to become something that is not harmful to the 
environment [4]. The pupils in Kopparberg studied the effect of adding fly ashes of different types and origin to 
pre-oxidized mining waste, while the pupils in Skinnskatteberg were looking at whether it´s best to add an alkaline 
material on top of mining waste or if it´s better to blend the two materials together.  

Pupils in Heap Solutions were working with finding solutions on a future environmental problem: a waste heap 
from mining of alum shale. During WW2 there was a fuel shortage in Sweden and it was decided to produce oil 
through pyrolysis of alum shale in Kvarntorp, Kumla [5]. The alum shale contains approximately 20 % kerogene 
(organic matter) and 12 % pyrite (FeS2). Prior to pyrolysis the alum shale was crushed and the finer fraction (below 



5 mm) was discarded (approximately 20 %) to avoid sintering during pyrolysis. Depending on the process used 
the waste products were either coke or ash. During the years 1942-1966 waste was deposited in the open pits but 
also in a waste heap close to the industrial area. It is estimated that this waste heap consists of finer fraction (3 Mt), 
coke (2 Mt) and ash (23 Mt) with a total volume of 40 million m3 (total height around 100 m). 

Combination of hot ash, pyrite and organic matter has led to significantly elevated temperatures (>500 °C) in 
the waste deposit and the processes are still active 44 years after closure of the waste heap. Oxidation of pyrite can 
increase the temperature to 70-100 °C, followed by ignition of kerogene giving rise to temperatures close to 700 
°C. Almost all precipitation is today evaporated due to the high temperature and thus is no contaminated runoff 
generated as long as the waste heap is hot. 

Today the environmental impact from the waste heap is relatively small and local. However, in 100-150 years 
the waste heap will cool off and start to leach significantly higher loads of trace elements to the surroundings. 
Further studies on both the cooling and the chemical leaching are needed in order to be able to handle the probable 
increased trace element loadings in the future. 

The pupils in Heap Solutions built a model of the waste heap, approximately 0.5 m3, which they leached with 
hot water to simulate the processes taking place in the heap. In addition to the heap model, they also performed 
smaller laboratory tests where they looked at what would leach out from the different constituents of the heap at 
different temperatures, i.e. at different cooling stages. 

RESULTS AND DISCUSSION 

The Pupils 

Before the start of the projects, pupils aged 13 were asked what they thought of natural sciences and chemistry. 
The answers were that they found chemistry difficult and hard to relate to, their opinion was that it had no 
connection to (their) reality. In a way they were afraid of chemistry, because they had decided beforehand that 
they would not understand it anyway. 

Pupils in My Solutions were however very enthusiastic from the start of the project. They were already familiar 
with environmental problems related to mining waste, for instance pupils in Kopparberg had had family members 
working in the mines. What was new for many of the pupils in Kopparberg and Skinnskatteberg was the world of 
higher education and research; these small towns have not had a tradition of higher education. Pupils in Heap 
Solutions were more familiar with higher education and research, as they lived in a larger municipality not far 
from the city of Örebro (20 km) where there is a university. Nevertheless, the pupils in My Solutions were much 
more excited on getting started and had a more positive attitude towards learning something new. Maybe they 
were more open for seeing an opportunity with the project, that it opened up a new world, more than it did for the 
pupils in Heap Solutions? This could however also be attributed to the pupils´ age: the pupils in Heap Solutions 
were 1-2 years older and were more mature (maybe depending on living in a larger town, close to the city of 
Örebro with 141,000 citizens) than the pupils in My Solutions. So that the pupils in My Solutions still had a lot of 
younger children´s curiousness and drive to explore left in their minds. 

Once the pupils in Heap Solutions started to get involved in their experiments however, their attitude for the 
project became more and more positive. A quote from one of the pupils in Heap Solutions was as follows: 

 
”This is really funny, I have become more and more interested in this project during the time. I want to be a 
chemist now!” 

 
It was very important that the pupils had taken part in field sampling, where they took samples on mining 

waste/material from the waste heap and brought it to their school. In that way they were really a part of the process, 
and they knew what the site looked like, why they had taken the samples and what questions the experiment aimed 
to answer.  

One of the pupils in Skinnskatteberg said it was more fun to learn natural sciences in the field compared to be 
in the classroom. And although most of the project was actually indoors and not in the field, they could always 
relate to, and the researcher involved always did relate to, the field situation. This resulted in that basically all 
participating pupils were very keen on working practical with their experiments, they were very enthusiastic when 
it was time for sampling and measuring on samples. One of the pupils in Heap Solutions said she thinks the project 
can make her more interested [in natural sciences]: 

 
“It is quite fun to carry out experiments” 
 
One important task for the pupils was the writing of the lab report. [6] Argued that by writing down experiences 

and findings, the pupils get more secure and what they learnt becomes clearer. Before they started writing the 
report, they were a little bit anxious and thought the number of pages was the most important. Once they got going 



however, they had no problems expressing what they had done and why, and most of the pupils managed to 
produce extensive reports, with a summary, aim, results (with tables and graphs of their experimental data), 
discussion and conclusions. 

Effects of the Projects 

Earlier studies [7] have shown that pupil´s interest increase when they are allowed to work explorative and 
follow up and discuss their results. It is clear that the pupils participated in My Solutions and Heap Solutions now 
have a better view of what a chemist and other researchers in natural sciences work with. They have been 
introduced to scientific methods, how to work explorative and seek answers to questions. The chemistry teacher 
in Kumla noted that her students had begun asking more interested questions and that they thought more about the 
problem themselves [e.g. what to add to the waste heap in order to minimize leaching]. 

The chairman of the board for educational and school issues in Kumla was very glad to be able to offer the 
pupils this kind of project and hopes it will make them more interested in further education in natural sciences, he 
quoted:  

 
“This is more for real, they are allowed to be a part in something more than just classroom teaching” 
 
At the same time as it seems very important for the pupils to do something more practical and outside of 

classroom teaching, a large driving force, if not the largest, was that this was real research. Regularly, when the 
pupils get tasks or problems to solve, there is already a “right” answer. In these projects there were no right 
answers, no one knew what the results would be beforehand. For the pupil´s that hadn´t been so enthusiastic to 
begin with, there was a noticeable shift in attitude once they were told that the researcher leading the project was 
preparing a manuscript and presentation for an international conference. Then they truly understood that it was for 
real, and that their results really could make a change for the future. Results from My Solutions and Heap Solutions 
have been presented at a number of national conferences and workshops as well as international ones, for instance 
Vancouver Island, Canada [8], Stockholm, Sweden [9] and Colorado, USA [10]. A paper on results from the waste 
heap in Kumla is also being prepared and has been accepted for oral presentation at a conference in Freiberg in 
September 2014. 

CONCLUSIONS 

From the results discussed above, three important factors are representative for the positive outcomes of the 
projects: (1) It was a real problem and real research. Someone was truly interested in their (the pupils´) results and 
results they had been a part of producing could make a change for the future. (2) It was a local problem that they 
could relate to. There was a history coupled to the site and the environmental implications on the surroundings 
were, or could be, large. (3) They were allowed to follow their experiment, designing them, measuring on samples 
and in that way combined theory with practice. 
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