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Outline 

1.  What are wicked problems? 

2.  How do engineering students approach wicked 
problems? 

3.  What do engineering students need to learn to 
be able to adequately address wicked 
problems? 

4.  How can we assess engineering students’ 
approaches to wicked problems? 

5.  How can we teach engineering students to 
adequately address wicked problems?  C
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Characteristics of wicked problems 
1.  No definitive formulation  
2.  No stopping rule 
3.  No right or wrong solutions  
4.  No criteria for evaluating solutions 
5.  No second try 
6.  No discrete set of solutions  
7.  Unique problems require unique approaches 
8.  Connections to other problems 
9.  Values and world views influence problem 

understanding and solution evaluation 
10. Consequences Rittel & Webber 1973 



Problem characteristics 

Jonassen 2000: 
•  Structuredness 
•  Complexity 
•  Domain-specificity 

Farrell & Hooker 2013/2014: 
•  Finitude 
•  Complexity 
•  Normativity 

Andersson, Törnberg & Törnberg 2014: 
•  Complexity  ⟶  Complexity OR Complicatedness 
•  Wickedness  ⟶  Complexity AND Complicatedness 

System characteristics 



Problem types 
•  Logical 
•  Algorithmic 
•  Story 
•  Rule-using 
•  Decision-making 
•  Trouble-shooting 
•  Diagnosis-solution 
•  Strategic performance 
•  Case analysis 
•  Design 
•  Dilemmas 

Jonassen 2000; Jonassen, Strobel, Beng Lee 2006 

Well-structured 
	
	
	
	
	
	
	
	
	

Ill-structured 



Story problems in engineering 
education 

“When learning to solve story problems in engineering, 
students learn to translate relationships about 
unknowns into equations, solve the equations to find the 
value of the unknowns, and check the values found to 
see if they satisfy the original problem. This linear 
process implies that solving problems is a procedure to 
be memorized, practiced, and habituated, a process 
that emphasizes getting answers over making 
meaning.”  

Jonassen, Strobel, Beng Lee 2006 



Engineering workplace problems 
•  Conflicting sub-goals in working towards main goal 
•  Problems occur after project has been finished 
•  No right/wrong answer 
•  Conflicting criteria for evaluating solutions 
•  Multiple, irreconcilable solution paths 
•  Stakeholders with different interests 
•  Dynamic: context and conditions change continuously 
•  90% report that unanticipated problems occur 
•  Need to deal with incomplete information 
 

Jonassen, Strobel, Beng Lee 2006 
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Water shortage in Jordan 

•  Problem description (general facts): 
– Location 
– Economic status 
– Developmental status 
– Climate 
– Demographic information 
– Current and estimated water assets and needs, 

overexploitation of current resources 
– Jordon Unified Water Plan: Jordan, Israel, 

Lebanon, Syria 



Given solution approaches 
1.  Dig deeper wells in order to get hold of more groundwater.  

2.  Build desalination plants in order to make use of the water 
in the Dead Sea.  

3.  Import water from, e.g., Sweden and Norway who have a 
surplus.  

4.  Breach the Johnston agreement by withdrawing more 
water from the Jordan Valley.  

5.  Liberalize the water market to achieve a water price that 
reflects the balance between assets and demands.  

6.  Nationalize the water market and limit the water usage to 
an entirely renewable amount (665 million m3) through an 
equitable distribution plan.  
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I & II: Improvement measures that 
address problem parts 



III & IV: Interaction between problem 
parts and between improvement measures 



V: Secondary problems caused by 
improvement measures 



VI: Stakeholders and their interests 



VII: Actors’ spheres of influence 



VIII: Lack of accessible information 



IX: Incomplete control and predictability 



X: Influence of local context 



Aspects to consider when addressing 
wicked problems 
I.  Problem parts 
II.  Improvement measures 
III.  Interaction between problem parts 
IV.  Interaction between improvement measures 
V.  Secondary problems caused by improvement 

measures 
VI.  Stakeholders and their interests 
VII. Actors’ spheres of influence 
VIII. Lack of accessible information 
IX.  Incomplete control and predictability  
X.  Influence of the local context 
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Assessment rubric & Intervention 

10 
Aspects 

Criteria for 3 
grade levels 

for each 
aspect 

Revised criteria for 3 
grade levels for each 

aspect 
Examples and 

explanations for all 
criteria 

Midterm 
exam Workshops Final exam 



Mid term exam (voluntary question): 
Improving literacy in Afghanistan 

•  Problem description (general facts): 
– Demographic information 
– Level of literacy (men/women) 
– Developmental status 
– Violence directed towards schools 

•  Role description: 
– Engineer at large, international IT company 
– In charge of investigating how company could 

contribute to improve situation 



“Describe how you would approach the task of 
identifying suggestions for how your company could 
contribute to improve the situation. Describe also which 
factors of the situation you would take into account, and 
which improvement measures could be included in your 
suggestion. Motivate your answer.” 
 

Mid term exam (voluntary question): 
Improving literacy in Afghanistan 



Midterm performance (preliminary 
results!) 
89% fail (n=87) 

Weakest aspects: 
V.  Secondary problems caused by improvement 

measures 
VI.  Stakeholders and their interests in relation to the 

problem and/or improvement measures 

Strongest aspects: 
I.  Problem parts 
II.  Improvement measures 
 



Additional questions in midterm exam 

“Abandoning the professional role given in the previous 
questions, briefly describe how you yourself experience 
the problem with the educational situation in Afghanistan 
and the task to address the problem, especially compared 
to other problems that you are used to from your IT 
engineering education. Which similarities and/or 
differences do you see?” 

“How satisfied are you with your answer? Mark one of the 
following alternatives: (very satisfied, mostly satisfied, 
mostly dissatisfied, very dissatisfied). Briefly motivate why 
you have chosen this level of “satisfaction”.” 
 



Impact of question formulation on 
performance 
Aspects of problem considered in additional 
questions: 
VIII. Lack of accessible information 
IX.  Incomplete control and predictability  

In workshops: 
•  Students are able to consider all aspects to a 

reasonable degree 
•  Still difficult aspects:  

– Difference between aspects VIII & IX 
– Interaction between problem parts/ improvement 

measures 



Final exam: Eradicating dengue fever 
in Africa South of Sahara 

•  Problem description (relevance): 
– Dengue fever as one of 17 neglected tropical 

diseases 
– SDG: eradicate by 2030 

•  Role description: 
– IT specialist at WHO 
– Member in expert group for combating dengue in 

Africa South of Sahara 
– In charge of investigating how IT could contribute 



“Write a short summary of the problem situation and 
what you see as possible IT-related improvement 
measures. The text shall not exceed a maximum of 
1000 words plus references.” 
 
(+ Experiences from workshops) 
+ Assessment rubric 
+ Examples & explanations for each criterion in the 
rubric 

Eradicating dengue fever in Africa 
South of Sahara 



Performance on mid term exam 
versus final exam 

Midterm exam Final exam 
Mean grade 
(0,3,4,5) 

1.7 3.9 

Failed (<3) 89% 4% 
Weakest aspects V, VI III, IX 
Strongest aspects I, II I, II 
Standard deviation 
between aspects 

1.7 1.2 



Performance Results 
Overall Reject 
On aspect group I-V Retain 
On aspect group VI-X Reject 
On individual aspects Reject for aspects V, VI, VIII, X 

Retain for aspects I – IV, VII, IX 

Null hypothesis: There is no difference in 
performance depending on whether students 
participated in no (n=15), one (n=29) or both 
workshops (n=53). 

Impact of workshops 



Principles of Scaffolding 

•  CONTINGENCY 

– Formative assessment! 

•  FADING 

•  TRANSFER OF RESPONSIBILITY 

van de Pol, Volman, Beishuizen 2010 

“temporary support provided for the completion of 
a task that learners otherwise might not be able to 
complete” 



Scaffolding intentions 

•  Support of students’ metacognitive activities  
– Direction maintenance  

•  Support of students’ cognitive activities 
– Cognitive structuring 
– Reduction of degrees of freedom 

•  Support of student affect  
– Recruitment  
– Contingency management/ frustration control 

van de Pol, Volman, Beishuizen 2010 



Scaffolding means 
•  Feeding back 

– Information about students’ performance 
•  Hints  

– Clues, suggestions for way forward 
•  Instructing 

– Telling what to do/ how to do something 
•  Explaining 

– Information about task 
•  Modeling  

– Offering behavior for imitation 
•  Questioning  
 

van de Pol, Volman, Beishuizen 2010 



Scaffolding in intervention 
Mid term 
exam 

Workshops Final exam 

Contingency None Based on mid term exam 
Scaffolding 
intentions 

Minimal •  Cognitive structuring 
•  Reduction of degrees 

of freedom 
•  Direction maintenance 
•  Frustration control 

•  Cognitive 
structuring 

•  Reduction of 
degrees of freedom 

Scaffolding 
means 

None •  Feeding back 
•  Instructing 
•  Explaining 
•  Modeling 
•  Questioning 

•  Instructing 
•  Explaining 
•  Modeling 

Level of 
support 

Low High, active Medium, passive 

Student 
performance 

89% fail Good 4% fail, 37% increase 
in overall score 



Summary 
1.  Q: What are wicked problems? 
Wicked problems have much in common with workplace 
engineering problems (design problems), but engineering 
education teaches students to solve story problems instead. 

2.  Q: How do engineering students approach wicked problems? 
Engineering students tend to isolate problem parts and solve them 
individually rather than considering problems as integrated 
wholes. If they don’t know how to address a complex problem in 
an integrative way, they may give up trying. 

3.  Q: What do engineering students need to learn to be able to 
adequately address wicked problems? 

Adequately addressing wicked problems requires considering ten 
aspects (I-X). These aspects can provide cognitive scaffolding 
for addressing wicked problems. 



4.  Q: How can we assess engineering students’ approaches to 
wicked problems? 

The assessment rubric can be used with reasonable validity and 
reliability; it is especially useful for formative assessment. 
Teachers need to distinguish between assessment of what 
students are able to do versus what students perceive as 
relevant. Question formulation matters! 

5.  Q: How can we teach engineering students to adequately 
address wicked problems? 

Interactive workshops with contingent scaffolding can support 
overall performance and performance on certain aspects in 
assessment rubric. The assessment rubric seems to support 
teachers in developing contingent scaffolding, but can also 
mask barriers to learning transfer. 





Task characteristics 
Water-
shortage 

Literacy 
structured 

Literacy 
unstructured 

Dengue fever 

Question 
formulation 

Choose 
solution 

10 detailed 
questions 

Open question 
(+2 additional) 

Open question 

Information Medium given Medium given Medium given Minimal given 

Role 
description 

None/minimal Medium Medium Detailed 

Solution 
alternatives 

Given (6) Not given Not given Not given 

Output Oral Written Written Written 

Setting Individual 
interview, no 
credit 

In class, no 
credit 

In class exam, 
no credit 

Take home 
exam, credit 

Answer Choose 
solution 

Lists, copied 
information 

Vague, copied 
information 

Developed, 
own approach 


