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Abstract— This paper describes the ongoing work to reform 

teaching of (Electrical) Measurement Systems Engineering, in 

order to put more emphasis on the students as active learners, 

better prepared to take on responsibilities of a modern engineer. 

The paper describes how the development of generic engineering 

skills are incorporated in the context of the technical subject. 
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I. INTRODUCTION 

The subject of electrical measurement technology has been a 

natural part of educational programs in electrical and 

electronics engineering, engineering physics, mechanical 

engineering, etc. for decades. The topic has normally been 

taught on a bachelor’s level, typically during the second year of 

studies.  In 2016, the author was asked to develop a new course 

on the subject, but now as an advanced level course, late in the 

third year of the program in Engineering Physics and Electrical 

Engineering, at Luleå University of Technology. This course 

was to replace a course which had been offered, in more or less 

the same form, for over a decade. The old course had received 

good reviews from past students and the examination rate 

(throughput) was high. In other words, no one was complaining 

and there were few reasons to change anything, especially when 

resources for educational development are scarce. Except that 

the examiner was not satisfied with what the students learned. 

Since students tend to reverse-engineer the examination of a 

course, there is a clear risk that courses which follow the same 

recipe every year, will have an examination that also follows 

the same recipe. As such, passing a course becomes less about 

fully understanding the concepts taught, and more about 

predicting how the examination will be conducted. 

So, in redesigning the old course, one of the first decisions 

made was to make the examination less predictable. This meant 

that, learning how to mechanically solve a selection of typical 

problems should not be enough in order to pass the course. 

Rather, the examples the student should work on during the 

course should be exactly that, examples of the key concepts they 

need to learn. Examination will then require them to apply the 
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tools they learnt on new problems. The second decision was to 

make better use of the pre-requisites to the course. Compared 

to similar courses at other universities, at least historically, the 

new course was going to be offered to students who spent two 

and a half years studying engineering mathematics, physics, 

and electronics. Moreover, we wanted the course to provide 

training in other, more generic engineering skills, such as the 

ability to make assumptions, to look for information in other 

sources when faced with open-ended problems. Ideally, we also 

wanted the students to practice oral and written presentation. 

Last, but certainly not least, the teaching resources need to be 

used efficiently, meaning that as much as possible of the 

allocated time should be spent with the students, not with 

grading and commenting on written submissions. 

The course has been designed with a mix of lectures, 

mandatory student-led seminars, project group work with a 

written report, and a final written exam. By shifting focus from 

the exercises and lab projects themselves, to what they should 

learn by doing them, the students have become much more 

active than before. 

II. COURSE DESIGN 

The course setup is the result of a course in course development 

and inspired by the CDIO approach [1]. 

A. Objectives 

In designing the new course, the following objectives were to 

be met: 

1. The examination should be less predictable. 

2. The students should practice making assumptions and 

working from incomplete problem descriptions and 

incomplete data. 

3. Theoretical homework problems should be more 

open-ended and leave much more room for the 

students to make assumptions. 

4. Practical laboratory work should be less about the 

performance of the system the students build and more 

about what they should learn by building it. 

5. The students should gain experience in working in 

larger teams, with members they may not have worked 

with before. 
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6. The students should take an active part in problem 

solving, presenting solutions orally and in writing, and 

in providing feedback to their peers. 

7. The student should practice reflecting on their own 

learning. 

B. Course setup 

The extent of the course is 7.5 ECTS credits, corresponding to 

200 hours of full-time studies, distributed over half a semester. 

The course is split into the following parts: 

• Twelve lectures (90 minutes each). 

• Four mandatory, student-led problem seminars (1.5 

ECTS credits). 

• Practical laboratory project (3 ECTS credits) 

• Written exam (3 ECTS credits) 

C. Lectures and main course text 

During the lectures, the key theoretical concepts of the course 

are introduced. A new textbook was written to match the 

contents of the course [2]. The book was kept deliberately short 

and contains nothing that is not part of the curriculum.  

 The textbook contains examples, but no homework 

assignments. Instead, there are four mandatory student-led 

problem seminars.  

D. Student-led seminars 

For each seminar, the students are given seven homework 

problems. In order to pass the course, they need to mark that 

they are prepared to present at least five out of seven problems 

for each seminar and at least 80% in total. The students’ 

solutions are not graded by the teacher, instead feedback is 

given in the seminars and by providing written solution 

guidelines following the seminars. One seminar is centered 

around a written peer-review exercise, where students submit 

their solutions, then study the solution guide, and finally 

provides feedback to one other student. The remaining three 

seminars focus on oral presentation, where the presenter is 

picked randomly from those who marked they were willing to 

present. This setup addresses 1—3 and 6 in the list above 

E. Practical project work 

 The practical laboratory assignment runs in parallel with the 

rest of the course. Instead of having a series of delimited, well-

defined tasks, each group is given an open-ended measurement 

problem (e.g. “measure temperature and humidity” or “measure 

salinity of an aqueous solution”) and a kit with components 

(sensors, breadboard, and Arduino system, etc.). The lab groups 

are formed randomly, with 5-6 students per group. This enables 

the students to gain some experience in group dynamics, 

planning, and sharing. This addresses point 5 in the list above. 

In order to shift focus from what they are building and from the 

performance of the system they are building, to what they are 

supposed to learn by doing this, the assessment is based on a 

reflective task. Each student is asked to write a short (max. 2 

pages) self-assessment, addressing the intended learning 

outcomes of the project task. To support this, the students are 

given a list of grading criteria. The students are asked to use 

project material (reports, circuit designs, software code, etc.) to 

support their claims. The self-assessment report is then used in 

a formative peer-review about 2/3 into the course, in order to 

aid the system in presenting and reasoning around their own 

learning. The final self-assessment is submitted to the teacher 

at the end of the course (for grading, fail, 3, 4 or 5). The grade 

final grade of the course is then the average of the project grade 

and the grade of the written exam. The students are thus 

assessed individually also for the laboratory part. 

III. DISCUSSION AND CONCLUSIONS 

Up until now, the new course has been offered three times. The 

course evaluations from the students indicate that they are 

satisfied with the contents, the set up and their own effort. The 

criticism so far has been that the workload is perceived as 

higher than normal.  

 In terms of performance, roughly the same percentage of 

students pass the course after the first written exam as the 

course it replaced (exact numbers are pending). The nature of 

the problems the students solve requires, however, a 

significantly deeper level of understanding and makes better 

use of the pre-requisites than the old course. 

 In terms of teaching efficiency, the current setup shifts the 

effort from marking homework assignments to creating relevant 

assignments, aligned with the intended learning outcomes [3], 

and in constructing solution guidelines.  
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