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Abstract 
 
The use of open problems in engineering sciences is analysed from a case study perspective 
for a solar energy course with open problems in a computer lab and a written exam. The open 
problems are evaluated from the perspective of creative and critical thinking, and a set of 
guidelines for design of open ended questions is made. 
 
Introduction 
 
Engineering sciences is based on a tradition of teaching which generally foster convergent 
thinking, and suggestions have been proposed that divergent and critical thinking should be 
increased in engineering sciences, see [Cooperrider2008]. In part, there is a necessity for 
convergent thinking within the field, since the application of engineering sciences, the work 
in action, has to conform to standards and e.g. the laws of physics, but it also has a potential 
drawback of not being able to think critically regarding the education, the applications in 
society and perhaps above all find out-of-the-box solutions to unknown problems in reality 
and at work [Cooperrider2008]. The latter of which can be argued to be useful for attaining 
autonomy as a professional in future work conditions. Open problems are here defined as 
problems which do not have a pre-specified set of answers [Husain2012], but rather have a 
pre-specified number of criteria on the solutions to the problems. In this way, it can be argued 
that open problems require a deeper understanding [Husain2012], and as a pedagogical tool it 
has also been argued to be superior to multiple choice questions in assessing student 
knowledge [Badger1992]. 
 
The pedagogical literature on the use and design of open problems in engineering sciences is 
limited, but there does exist some literature on the general design of open questions. The use 
of closed-ended questions can be argued to require students to memorize statements, formulas 
or similar without requiring deeper understanding of the concepts and content of the course 
being taught [Husain2012].  
 
The focus of this report is to investigate the use of open ended questions on a course in solar 
energy regarding: (1) open questions on a collaborative lab group level and (2) open questions 
on the final exam of the course. 
 
Examples from solar radiation theory 
 
The examples are from a 2nd cycle course “Solar Energy - Technology and Systems”, which 
has open problems introduced in two parts of the course: computer lab and written final exam. 



The computer lab is compulsory and precedes the exam. Passing is required for lab, grading 
(points on questions) applies on the exam. Each year’s class is composed of 40-60 students, 
including natives and international students. The course is taught in English. All students have 
similar university background in engineering sciences with a strong focus on power systems 
engineering and some socio-technical science. This course has been taught by our research 
group for a decade, with similar configuration each year as described here.  
 
Open problems in the computer lab 
 
The computer lab is composed of groups of 2-3 students working with a teacher-made 
program SolRad within the program MATLAB to investigate properties of solar irradiance on 
tilted planes; how this can be optimized and applied. It should be noted that quantifying solar 
energy on tilted planes with various orientations is crucial for the applications of solar cells or 
solar collectors, the main motivation of the entire course. The majority of problems in the lab 
have a unique answer (fostering convergent thinking). These answers are typically in the form 
of numeric values, including for example calculated irradiated energy on a tilted plane. The 
answers to these questions are easy to correct for the teacher, and they are useful for actual 
future work in the field as well. Some questions in the lab are by design open ended, 
deliberately designed with the intent of enhancing creative and critical thinking. Also, in 
addition to subjecting the students to open problems, the use of group work can be argued to 
foster critical thinking in its own [Gokhale1995]. The open problems in the computer lab are 
posed as for example: 
 

• When do you think an orientation that maximises morning or evening collection of 
radiation could be feasible? 

 
The students answer the problems in each group, and submit one report per group. If the 
answers to the lab problems do not pass the correction procedure (all correct is a 
requirement), the students are given the opportunity to revise it, ad infinitum, but in practice 
there are rarely more than two rounds of revision at most. From a pedagogical point of view 
the relaxed requirement of possible revisions should reduce some of the pressure of searching 
for a “correct answer” to the open problems, thus reducing student stress in face of open 
problems, a common problem that should be avoided [Husain2012]. A teacher will be present 
during the computer lab, and the students may ask questions on the lab as well, which should 
further reduce the stress. 
 
When questions on open problems are raised, the teacher is instructed to encourage the 
students to be creative and state that there is no single correct answer. This instruction is only 
given when the students express the need for help in understanding or answering the problems 
though. When correcting the lab reports, which is done on a later occasion (no ok is given 
during the lab, since other students may over-hear and then possibly follow the same results 
or reasoning), the results of these lab problems present a large span in both extensity and 
quality of the answers. Correct answers are those which are based on conclusions of the 
knowledge regarding theory. Two examples of correct answers to the question above are: 
 

• “Optimizing morning collection for cooking appliances for making breakfast” 
• “Using evening collection for charging electric vehicles upon arrival home from 

work” 
 



Failed answers would be such that state the question again, or state something obviously 
known from the question, such as “it is optimal for that which it is optimal for”. Other failed 
answers may be something that is definitely wrong such as “daytime outdoor lighting in 
summer time”.  
 
The statistics of the lab during September 2017, when a survey was made, proved that among 
25 groups (25 lab reports), 14 passed and 11 were sent back for revision. That gives pass/fail 
percentages of 56% and 44% respectively. However, only 4 out of 25 reports (16%) failed 
because of failure to answer the open-ended problems properly. But given that 2/9 questions 
are open questions, the open-ended problems had a slightly higher fail-rate than the average 
question (16% versus 12%). 
 
Open questions in the exam 
 
The final exam of the course contains a set of problems which are wider than the topic of the 
computer lab and also spans other fields related to solar energy, including solar collector 
materials and electronics for solar systems, which are not covered in this report. Most exam 
problems are specific and require specific calculated answers. The only open problems in the 
exam regard the same topic as the computer lab (since they are part of the same part of the 
course). They consist of less than 10% of the questions (points). A typical example of an open 
exam question (typically one per exam): 
 

• Suggest two applications for photovoltaic systems that are oriented with 90 degrees tilt 
and +/- 90 degrees azimuth (either way, choose one or both), motivate your answers. 

For this question the students could be awarded 2 credits (the remaining solar energy 
problems would correspond to 5-7 credits). A typical passing answer could be: 
 
“Photovoltaic panels with a tilt of 90 degrees and azimuth of -90 degrees (thus facing east) 
would have maximum solar irradiance collection during mornings (in particular summer 
mornings), and could perhaps be used to power breakfast kitchen appliances. Panels with a tilt 
of 90 degrees and azimuth of 90 degrees (thus facing west) would have maximum solar 
irradiance collection during evenings (in particular summer evenings), and could perhaps be 
used to cover electric vehicle home-charging, which might be expected in the evening.” 
 
In similarity with the computer lab, a generous guiding principle for correcting these 
questions is applied. Failed answers are ultimately those which misunderstand effects of 
orientation, fail to relate the electricity generation to time of day or season as well as to 
reasonable electricity use (that sets it apart from electricity use during other times) and no 
answer at all. Even fails in terms of repeating the problem or repeating trivial information 
from the problem has occurred here as well. 
 
In the exam of January 2018, when a survey was made, 27 students partook, 18 students were 
awarded 2 credits, 5 students were awarded 1 credit and 4 students were awarded no credit. 
This gives an all fail percentage of 15%. If to compare with lab results, where the grading was 
based on “pass all” or not, there would be 33% “fail” in this exam compared with 18% in the 
lab (only open questions on both included).  
 
Conclusions on using open problems in engineering sciences 
 



A difficulty regarding enhancements of critical thinking is to quantify the improvement 
[Ennis1985]. This most certainly applies to the case study in this report, since not only are the 
problems not posed the same way on lab compared with exam, nor is the procedure for 
solving the problems the same; group versus individual. One way to quantify improvements 
in terms of critical thinking is to perhaps provide students with formalized tests for critical 
thinking such as the Watson-Glaser Critical Thinking Appraisal and the Cornell Test of 
Critical Thinking, although these are not without limitations and weaknesses [Tsui2002]. 
Nevertheless, even if critical thinking might not be enhanced, the use of open questions is still 
a valuable tool for assessing student knowledge [Husain2012]. Generally, this makes it worth-
while to include it in engineering curricula. 
 
Conclusions of best practice for using open questions in engineering sciences 
Husain et al. bring forth three risks in design of open problems [Husain2012]: 
 

1. Confusing the student. Too vaguely formulated problem. 
2. Providing negative stimulus for student. Putting students under pressure of time to 

answer questions. 
3. Providing negative stimulus for the teacher. Open problems can be more strenuous to 

correct. 

In the engineering case study presented in this report, it can be concluded that in open ended 
problem design the risk of confusing the student should not be underestimated, and confused 
students perform poorly. Therefore, care should definitely be taken on this part, hence point 
(1). On point (2), student stress is arguably higher on exam than lab, but there is no evidence 
from student evaluations that this is a pressing issue on addressing the open problems (for the 
students). On point (3), there is a larger amount of time spent on grading open ended 
problems over conventional engineering problems, which should be taken into consideration 
when planning teaching.  
 
Given the enormous span of possible correct answers to open problems it is worth-while to 
have a generous policy for correcting the answers (this regards both lab and written exam 
problems). As conventional exam problems in engineering sciences are strictly examined, the 
fear of failure (failure to find a supposed “ideal” answer) seems to be a challenge for students 
to overcome when it comes to open problems. Communicating that there is a generous policy 
for correcting the answers to the students who are uncertain is, at least to the author, important 
for many students to have the confidence to write potentially successful answers. For this case 
study, the generous policy is only communicated in the lab upon request, and not for the 
exam, though. This might have an impact on the results, and should perhaps be tested for 
exams as well. 
 
In terms of best practice, I may conclude that it could be worthwhile to try to solve one’s 
created open ended problems to verify their applicability. It is also instructive to test pushing 
the problem formulation in terms of interpretation so that undesired loopholes can be avoided. 
In this sense, it is instructive to make the questions as unambiguous as possible, however it 
should be stressed that this is a challenge for the teacher. If the problem is too vaguely 
presented, a generous grading scheme should arguably give credits to students who 
misinterpret, when reasonable. 
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