
15th International Northern Research Basins Symposium and Workshop 
Luleå to Kvikkjokk, Sweden, 29 Aug. – 2 Sept. 2005 

 

 
Lundberg, A. 111 

How to recruit the next generation of snow researchers and 
encourage them to apply deep learning approaches 

Angela Lundberg 

Applied Geology, Luleå University of Technology, SE-97187 Luleå, SWEDEN 
e-mail: Angela.Lundberg@ltu.se 

ABSTRACT 
Assessment in the form of a large project and field- and laboratory work was shown to be 
successful when applied to a course in snow engineering for university students with various 
backgrounds. The course was interdisciplinary, with teachers representing three different 
engineering disciplines. The project work was assessed by a report, a short oral presentation 
and an optional presentation such as a home page, a poster or a physical model. The students 
experienced that they had learned more with this assessment strategy than from courses with a 
final written exam. Peer evaluation of the relative contributions to the project work was 
applied and was appreciated by the students. The experiences of practical engineering tasks 
during the project work were also appreciated.  
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1. INTRODUCTION 
At Luleå University of technology (LTU) most students have a fairly large fraction of 
optional courses and the departments are paid in proportion to the number of students that 
choose their courses so there is need to design attractive courses without reducing the 
demands on student performance. 

The examination strategy greatly influences course structure and student study strategies 
(Marton et al. 1999). Most written exams seem to favour student-learning strategies that lead 
to surface learning since the exams favour detail knowledge.  

Surface learning strategies are characterized by:  “Students focus their attention on the details 
and information in a lecture or text. They are trying to memorise these individual details in the 
form they appear in the lecture or text or to list the features of the situation” while deep 
learning is characterised by: “Students focus their attention on the overall meaning or message 
in a lecture, text or situation. They attempt to relate ideas together and construct their own 
meaning, possibly in relation to their own experience” (Gibbs, G. Workshop at LTU, 1997).        

Written exams at the end of a course usually put large emphasis on theoretical knowledge and 
very little emphasis on other qualities also important for engineers. Recent graduates rated the 
ability to assess their own performance as one of the most important skills required in their 
work, but this ability was almost totally ignored in their education (Midgley and Petty, 1983).  
Students at the civil and environmental engineering programmes at LTU claimed that written 
examination was a too dominating form of assessment at the university (Petterson and 
Jonsson, 1998).  Every assessment method will place some students at a disadvantage to a 
certain extent. A range of assessment strategies should be adopted so that students who are at 
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a disadvantage under one assessment method will have the opportunity to excel in others 
(Brown et al., 1994). Studies show that project and problem based courses encourage deep 
learning (Gibbs 1992; Brown et al. 1994) and course structures that favour co-operative work 
in small groups with frequent and individual teacher response was shown to be important for 
study success according to Light (2001).  

In order to increase the diversity in assessment forms and to encourage the students to adopt 
deep learning strategies a three-year project “Environmental education with alternative 
assessment methods” was started. Within the project three courses were reconstructed. With a 
diversity of assessment forms, the intent was to assess the theoretical knowledge of students 
as well as their ability to co-operate, to analyse, to synthesise, to be creative etc and hopefully 
also to facilitate deep learning. The project was a cooperative exercise between teachers and 
student representatives and before any larger course changes took place, the suggested 
changes were discussed with the student representatives and they also acted as “test pilots” for 
new construction tasks etc. 

A diversity of assessment forms was tested within the project and the aim with this 
manuscript is to describe the experiences from the assessment of an optional course in snow 
engineering where the main assessment was made by a large team project. How the students 
and the teachers experienced the course is reported and also how successful this course design 
has been in attracting students.   

2. THE SNOW COURSE  
The course chosen for this form of assessment was a course in snow engineering for students 
with very varying backgrounds. The course corresponded to four weeks full work (6 ECTS 
credits) distributed over a ten weeks period. The aim of the course was to give the students 
basic understanding of snow engineering processes and to improve general academic skills 
not directly linked to the snow-engineering subject. Examples of such skills are: oral 
presentation skill, report writing skill and co-operation skill. The teaching language was 
English to allow exchange students to participate. The course was an optional choice for 
students from Master of Science in Engineering and University Diploma in engineering 
programmes. Approximately 30 students ranging from their second to their final year attended 
the course. Roughly half of the students were exchange students. The variety in student 
background meant a highly diversified student group. The teachers represented water 
resources, sanitary and construction engineering, so the diversity in teacher background was 
also larger than in most engineering courses.  

The course started with an introduction that explained the practical details of the course and 
optional project suggestions. Then a few “traditional” lectures with basic knowledge about the 
snow subject were presented. The rest of the course consisted of 3-days fieldwork followed by 
some laboratory work and a large project task (Table 1).  

The course had a graded scale (not passed, 3, 4 or 5).  The student contributions to the 
different parts of the course formed the basis for the grading of the students. The project 
report was estimated to ≈50% of the final grade.  A field and a laboratory report and a short 
written examination accounted for the remaining 50% of the grading. Since the project was 
the main assessment form, this article will focus on the project. 
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Table 1 Snow course outline  

Week 1 2 3 4 5 6 7 8 9 10 

Lectures Introduction 

X 

X Written 
test 

       

Field   Field 
days 

Field 
report 

      

Lab      Lab   Lab 

report 

   

Project Introduction  Meet 
tutor 

Start 
project 

X X X X Project 
report 

Oral 
present. 

3. COURSE PROJECT 

3.1 Aims 
The aim of the project work was to improve students’ knowledge of subjects within snow 
engineering and to facilitate deep learning through the use of: a) team work b) report writing 
c) presentation of results and d) peer assessment of performance. The project work and the 
other parts of the course were designed in order to achieve these goals.  

3.2 Formation of groups and choice of project 
A large proportion of the work in the course (laboratory work, field work and project) was 
done in groups of 4-6 students.  The field days were scheduled before the project work to give 
the students the opportunity to learn to know each other and discuss possible project tasks. 
The project groups were formed in co-operation between the students and the teachers. The 
students chose what project to work with but with some restrictions. Too homogenous groups 
were not allowed. The reason for this was that teams with a large diversity of skills generally 
present better results.  A second reason was to force students to co-operate with people they 
did not know or even did not like. We also tried to make sure that the exchange students 
become mixed with the Swedish students. The groups were linked two and two and the two 
groups acted as "opponents" on each other's work. The teachers presented a diversity of 
project options for the students, but the students were also encouraged to suggest own project 
works. 

3.3 Project supervision 
For each team an examiner (senior lecturer) was assigned. For some teams a separate tutor 
(PhD student or technician) that handed the daily supervision was also assigned. The students 
were equipped with a schedule for contacts with their tutor/examiner. The schedule contained 
dates for initial meeting, progress reports and delivery dates.  

3.4 Team work and examples of project work 
At the introductory lesson, the importance of teamwork and the advantages and difficulties 
with working in a team were discussed. The students were then encouraged to read the 
introduction to teamwork by Prpic and Hadgraft (1997) and to reflect on how they and their 
team-mates acted in the group. 

An ideal project contains a literature review, a small practical experiment and consumer 
interest in the result of the work. The consumer may be the head of a road management 
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department of a community or a PhD student or a researcher at the university. The ambition 
was to only present this type of project but we did not always fulfil all requirements. 
Examples of projects used in this course were:  “Pullout test of reinforcement in snow”, 
“Compare two different methods for evaluation of snow strength”, “Design a snow making 
system for a cross country track”, “Snow deposits, local or central?”  “Snow removal as a 
resource”, “Use of remote sensing techniques to determine snow water equivalent”, “Wood 
chips as thermal insulation of snow – an old technique that is being revived”, “Relationship 
between snow density and terrain characteristics”  

Here follows a short description of two last mentioned tasks to illustrate the types of tasks 
assigned to the students.  

Project a) Wood chips (cuttings) as thermal isolation of snow – an old technique being 
renewed. The students working with this task assisted a PhD student with his experiments. 
The experiment was dealing with the insulation of a large-scale system that used snow for 
cooling of a hospital during summer. The building ventilation system was cooled using heat 
exchangers and water circulating through the snow storage. To decrease the natural melting, 
the snow was thermally insulated with a 0.2 m layer of wood chips. The task for the team was 
to assist the PhD student in his search for materials that are inexpensive, environmentally 
harmless and even better insulators than wood chips. The team worked mainly with a pilot 
experiment (≈1 m2) where different insulation materials were tested. Their work included 
instrument installation, calibration and a pilot test of the measurement equipment. They also 
helped with topographical levelling of a 30,000 m3 large-scale snow storage system.  The 
study included a literature review. 

Project b) “Relationship between snow density and terrain characteristics”.  The students 
working with this task also assisted a PhD student. They applied GIS-technique on snow dept 
and density measurements to look for relationships between snow density and terrain 
parameters such as forest/open land, altitude, and snow depth.  They also reviewed 
publications on snow density. This project work later resulted in a reviewed publication.  

Preparations for the project work “Snow and ice friction” are shown in Figure 1 a) and snow 
density measurements made in the field work are shown in Figure 1 b).  

  

Figure 1 a) Preparations for project work: 
“Snow and ice friction”. 

b) Measurements of snow density 
variations in a pit. 
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3.5 Project presentation with assessment and grading 
The projects were presented in three different ways: a) as a short written report (≈5 pages), b) 
by a short oral presentation and finally in a third c) optional way: as a home page, a physical 
model or poster presentation etc.   

Report The report should refer to a minimum of five articles (not textbooks) with correct 
references to those. In order to help the students to find relevant articles, we provided them 
with links to snow- and cold-climate-databases.  The report should be written in English and, 
for students not having English as their native language, we supplied links to electronic 
lexicons. We also provided electronic links to instructions for report writing and practiced 
peer assessment with the aim to enhance the writing skills of the students. This was made 
with a feedback evaluation sheet to check report structure, grammar/spelling etc. The 
examiners graded the final report. Then they also used the evaluations sheet by the opposing 
group.  

Oral presentation and optional presentation form   At the end of the course, two student 
presentations were scheduled. Each group gave a short oral presentation (≈10 minutes) and 
presented their work as a poster, a home page, a physical model or in some other form. We 
had provided the students with electronic links to instructions for poster and home page 
presentations. During the presentations, both the examiners and the peer (opposing) group 
assessed the presentation by filling in an evaluation sheet for the oral presentation. 
Presentation structure, language, illustrations and performance were assessed.   

Grading  The project was then graded (report, oral presentation and optional presentation) by 
the examiners by giving it a number of working points. An accepted project work was given 
30-50 points with 30 points for poor work and 50 points for excellent work. In order to 
improve the student’s ability to assess performance, the students were encouraged to assess 
the performance of their peers.  The team members estimated the fraction of the project work 
the other members in the group had contributed. This arrangement also allowed for different 
grading between different students within the same team. They were not allowed to estimate 
their own contribution. For a team that had submitted an excellent project (estimated to 50 
points) the individuals could achieve 25 to 75 working points depending on their contribution. 
For a group of 5 students, 20% contribution was expected from each student. A student that 
was assessed to have contributed 30% of the total workload got 30/20 of the total point. So, 
instead of 50 points the student got 30/20*50 = 75 points. In order to allow the supervisor to 
take action before it was too late, the team members were not allowed estimate the workload 
of another team member to less than 10% contribution unless the supervisor had been notified 
that the student was not doing a fair share of the work. The total grade for the course was 
finally calculated weighing the grades of the project, the field and the laboratory report and 
the short written test.   

4.  STUDENT EVALUATION OF THE COURSE 
At the last lesson, the students filled in a questionnaire about the course.  Twenty-six students 
(out of thirty-six) answered the questionnaire (in year 2001). Two project groups (10 persons) 
were not present. The work by the two missing project groups were not significantly different 
from the other groups, so there was no reason to assume that their evaluation of the course 
would have been markedly different from the rest of the group.  

The students who participated in the evaluation graded how well they agreed with a number 
of statements regarding the course using a 6-point scale. A score of six = agrees totally and a 
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score of one = disagrees totally. Marks 4-6 on the 6-point scale are here interpreted as positive 
to the statement. The students seem to have appreciated the entire course (Figure 2 a; 91% 
agreed), and the assessment form (Figure 2 b; 96% agreed). The work-load during the course 
was appropriate (82% agreed) and evenly distributed over the period (86% agreed).   

The field days were scheduled before the project work to give the students an opportunity to 
form interdisciplinary groups, learn to know each other and to discuss possible project works. 
This arrangement served its purpose since 96% of the students agreed with the statement: The 
fieldwork helped with forming interdisciplinary groups and to get the groups together.  The 
students were (according to themselves) successful in learning about the project subject they 
had chosen (Figure 3a, all students accepted the statement). The project work helped the 
students to reflect on how they acted in the team (Figure 3b, 88% accepted statement).  
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Figure 2 Percentage of students that agrees or disagrees with statement below:  

a) The entire course has worked well and given me deeper knowledge about snow 
processes.  
b) I have learned more with this approach, where the parts of the assessment are 
constructed with the aim to improve my learning than with a "traditional course" 
with a written exam at the end of the study period. 
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Figure 3   Percentage of students that agrees or disagrees with statement below about the 
project task:  
a) The project task made me learn about the subject I had chosen to study.  
b) The project task made me reflect about how I act when I work in a group.  

The project work did improve their skill in report writing (Figure 4a, 67% of students 
accepted statement).  Almost all students considered that they had got practical experiences 
not found in traditional courses (Figure 4b, 96% accepted statement). Two thirds of the 
students appreciated the option of peer evaluation of the relative contribution to the project 
work.  
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5. DISCUSSION 
One of the aims with using these assessment forms instead of a final written exam was 
to favour deep learning. The students experienced that they had learned more from this 
course than from courses with a final written exam but we did not really prove that the 
students had experienced deep learning. It is, however, likely that deep learning had 
taken place since we tried to avoid course characteristics (Biggs, 1999) associated with a 
surface approach and instead use features, which can foster a deep approach.  
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Figure 4 Percentage of students that agrees or disagrees with statement below about the 
project task:  
a) The project task has improved my skill in writing reports.   
b) The project task has given practical experiences not found in traditional 
courses. 

5.1 Course characteristics associated with surface approach - with comments 
on how we tried to or succeeded in avoiding them:   

a) Heavy workload – the workload was OK according to student evaluation. 

b) Excessive course material – we did not use excessive course material. 

c) Lack of opportunity to study subjects in depth – the projects gave the students 
opportunity to study the subjects in depth.  This since the project work encouraged 
them study one subject deep instead the studying many subjects superficial. 

d) Lack of choice over subjects – the students were allowed to choose a project topic 
themselves.  

e) Anxiety provoking assessment system – this type of assessment is less anxiety 
provoking than a final written examination. 

f) Assessment, which tolerates regurgitation – only the short written test at the beginning 
of the study period (which assessed ≈10 % of the course) tolerated some regurgitation. 
The short test was used to force the students to acquire basic knowledge about snow 
processes before they started the project work.  

5.2 Features which can foster a deep approach - with comments on how we 
succeeded in using them: 

a) Motivational context – most of the projects had a consumer interest in the result of the 
work; this created a motivational context.  
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b) Learner activity – the project work included a lot of learner activity. 

c) Interaction with others – the project team work was based on interaction with others. 

d) A well-structured knowledge base – the initial traditional lectures provided them with 
a structured knowledge base. 

The quality of the project work was generally good, so the aim to improve students’ 
knowledge of subjects within snow engineering was well fulfilled (according to the 
examiners). The examiners and tutors experienced that the questions from the students 
reflected more of a deep learning attitude than in traditional courses. Questions like “will this 
be examined at the test?” were exchanged for questions like “how come?” 

When we discussed implementing peer evaluation of the relative contribution to the project 
work we were a bit hesitant how to do it. We wanted to offer the students an opportunity to 
practice assessment of performance, but our earlier experience was that students were very 
reluctant to assess the work of others. So we were relieved when we realised that most of the 
students appreciated the opportunity of peer evaluation of the relative contribution to the 
project.  

We did not actually measure improvement in student skills, but according to the students 
themselves they improved their team working skill and practical skills. The team working 
skill was improved since we a) gave the students an introduction to advantages and 
difficulties with working in a team, b) gave them material about team working, c) encouraged 
them to reflect over how they and their team mates acted in the team situation and d) made 
theme work in a project form.   

Many of the projects included installation and testing of measurement equipment. This is in 
contrast to most laboratory work where the measurement equipment is adjusted to suit the 
measurements. This should have given the students practical experiences they lack in their 
education (cf. 96% of the students said they got practical experiences not found in other 
courses).  

We were less successful regarding report writing (Figure 3a) where 67 % of the students 
agreed that they had improved their report-writing skill. That the students did not improve 
their report-writing skill as much as we had expected might be due to three things: a) When 
the tutor also was a consumer interested in the result of the work, it was likely that he/she was 
more interested in the result of the work than in checking that the report was correctly written. 
b) It was difficult for the team to find the time to correct the report. We noticed that the 
students had problems with keeping delivery dates regarding the report and this caused 
negligent corrections of the improvements suggested by the opposing group and of the tutor. 
c) Too large groups – in the larger teams we believe that the students divided the work 
between them. Some of the students worked a lot with the experiments and less with the 
presentation of the work. Others put more effort on the report writing and the presentation and 
contributed less during the experiments.  

The reason that we used the team size 4-6 students the year of the evaluation was that more 
students than expected chose the course we and we were not prepared with good project 
suggestions and tutors for more than seven teams.  We are now prepared with projects and 
tutors for much larger classes. This means that one of the identified weaknesses with the 
course:  That the teams were too large have been resolved and we now use smaller teams (3-4 
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students) in order to assure that all students participate in all parts of the project work. To 
increase the calendar time of the course has not been possible, but instead we have speeded up 
the tutor response time on the student work in order to assure that the students get frequent 
feedback on their project work. 

This course has all the way from the beginning attracted many exchange students and the last 
few years they have been in majority.  Not all of them know how to dress and behave in the 
field winter time and we have thus included a section about winter field work into the course 
to avoid that some students show up at the field work with improper clothing .  

The evaluation reported here was made a couple of years ago and since then we have made a 
number of modifications besides the ones mentioned above.  The course now covers both 
snow and ice issues and teacher from additional departments has also been involved in the 
course. Both engineering students and students from other programs are accepted to the 
course but the great majority of students at the course are still engineering students.   

The last year roughly 60 students chose the course so we have obviously managed to create an 
attractive course without reducing the demands on student performance.    

The course design and assessment forms used in the other courses reconstructed within the 
project “Environmental education with alternative assessment methods” have also been 
reported. The course design and the assessment of a course in hydrology and hydraulics is 
reported in Lundberg, (2004) and of a course in Sanitary Engineering in Lundberg et al. 
(2005).   

6. CONCLUSIONS 
Assessment in the form of field- and laboratory work and a large project was shown 
successful when applied to a course in snow engineering for university students with various 
backgrounds. Many students chose the optional course and they experienced that they learned 
more with this assessment form than with courses using a final written exam. The teachers 
experienced a deep learning approach among the students and the resulting projects were 
generally of high quality. Peer evaluation of the relative contributions to the project work was 
applied and was appreciated by the students.  
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