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• Essential skills are transferable skills that are essential in a 
future career (of an engineer)
 maybe intellectual, practical, personal, professional…
 transferable!

• At CSE, we teach and assess skills both implicitly and explicitly
Explicit workshops are connected to content (most often to the project)

WHAT ARE “ESSENTIAL SKILLS”?



3

• We see:
 challenges in (project) group work
 cultural / diversity challenges in the international classroom
 lingering communicative skills (written and oral)
 a lack of critical thinking (and quantitative literacy, inquiry and analysis, …)

• We intend:
 to promote the quality of our education
 to demonstrate the value of discovery, innovation, and (critical) reflection
 to improve the embedding of essential skills

WHY WOULD WE TEACH ESSENTIAL SKILLS?



HOW TO TEACH AND ASSESS THESE SKILLS?
THE CSE APPROACH

• Exercise
• Essential skills at CSE: an overview
• Examples of how we work
• Exploration of a useful tool
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AN EXERCISE
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Bioprocess engineering 
Your assignment: 
draw a bubble column

Learning goal: 
show what a bubble column 
in process industry could
look like
Requirements: 
• clear, schematic picture
• single words are allowed
• dimensions are free
• column must sustain 

growth of algae

You can write 
requests for 
specific 
feedback in the 
three boxes on 
the right.



1. Give your drawing to the neighbour on your left
2. Have a good look at the drawing you get
3. Assess it 

(consider learning goal and requirements. Think about clarity, functionality, practicality, 
and attractiveness of the design)

Without showing it to the “artist”: 
3. Write your feedback in the upper box on the back; write tips 

(“feedforward”) in the lower box on the back
4. Decide about the grade you would give (0-10, 10 is highest, ≥ 5.5 is a 

pass) and write the grade in the small square on the top right (front of 
the paper). Leave the paper with the grade visible (front side up).
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FEEDBACK AND GRADE
Learning goal: 
show what a bubble column in 
process industry could look like
Requirements: 
• clear, schematic picture
• single words are allowed
• dimensions are free
• column must sustain growth 

of algae



LEARNING FROM YOUR GRADE

Please give the assignment back to its owner and show the grade 
(front side), but not the feedback!

Knowing your grade: do you know how to improve your design? 
What will you do differently in the final test? Does the grade help you 
with your uncertainties or specific questions?

How helpful is a grade?

7



LEARNING FROM YOUR FEEDBACK

Now turn your paper to look at the feedback.

Having read your feedback: do you know how to improve your design? 
What will you do differently in the final test? Does the feedback help you 
with your uncertainties or specific questions?

How helpful is feedback?
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BIOPROCESS ENGINEERING: 
DRAW A BUBBLE COLUMN
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Picture: Copyright © 2012, Elsevier Inc. All rights Reserved.

ScienceDirect
https://www.sciencedirect.com
/science/article/pii/S22119264
17300917

https://www.sciencedirect.com/science/article/pii/S2211926417300917


GIVING FEEDBACK
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… is not always easy:
It costs teachers more 

time (in short term)
A pass-or-fail conclusion 

is not always obvious 
from the feedback alone
Some students are 

motivated primarily by 
grades

Yet, its benefits are evident:
Students learn much more, 

and deeper
Learning is central, instead 

of passing an exam
We want to attract students 

that want to develop 
academically, not students 
that just want to pass tests



ESSENTIAL SKILLS IN THE BSC-CSE
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1. Inquiry and analysis
2. Critical thinking (incl. Listening)
3. Creative thinking
4. Written communication
5. Oral communication
6. Reading
7. Quantitative literacy
8. Information literacy
9. Teamwork
10.Problem solving (incl. Design & Modelling)
11.Civic engagement – local and global (incl. Sustainability awareness)
12. Intercultural knowledge and competence
13.Ethical reasoning
14. Integrative learning & conceptual modelling

Skills and rubrics based on AACU Value rubrics



HOW DID WE IMPLEMENT ESSENTIAL-SKILLS 
TEACHING AND ASSESSMENT AT CSE?

 Examples from BSc CSE M2 
and M6, and from MSc CSE

1. Inquiry and analysis
2. Critical thinking (incl. Listening)
3. Creative thinking
4. Written communication
5. Oral communication
6. Reading
7. Quantitative literacy (M6)
8. Information literacy
9. Teamwork (M1, M2)
10. Problem solving (incl. Design & 

Modelling)
11. Civic engagement – local and global 

(incl. Sustainability awareness)
12. Intercultural knowledge and 

competence (M2)
13. Ethical reasoning
14. Integrative learning 12



CHEMICAL SCIENCE & ENGINEERING 
EXAMPLE M2 WORKSHOP ON INTERCULTURAL TEAMWORK
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The aims (and learning goals) for the workshop are:
1. to become more aware of expectations;
2. to identify differences in (prior) education;
3. to explore ways to get the most out of your education here; 
4. to work in a (project) group of diverse people

CSE MODULE 2



CONTENTS OF CSE M2 WORKSHOP 
EXAMPLE M2 INTERCULTURAL TEAMWORK

1. Introduction: what are we going to do today, and why?
2. Exercise A: identify yourself to your project group (“name game”)
3. Exercise B: universal, vs. cultural, vs. personal characteristics
4. Exercise C: define together “what is culture?”
5. Theory: interculturalism and intercultural communication
6. Exercise D: your current “position” in time & communication
7. Expectations: in NL, at UT and at CSE; do they match with yours?
 Exercise E (optional): discussion of cases

Reflection per group: assignment, including peer feedback and discussion
Outlook workshops M2   
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CSE MODULE 2
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CULTURAL DIFFERENCES
EXAMPLE M2 INTERCULTURAL TEAMWORK

Communication High context (indirect) Low context (direct)
Time Synchronic (flexible) Sequential (more strict)
Emotions Affective (show feelings) Neutral (controlled)
Business Relationship-oriented Deal-oriented
Management Hierarchical Egalitarian

Teamwork:
Tuckman: stages of development (team performance & effectiveness)
DIY: self-perception inventory (Belbin)
Belbin: team-role definition
Belbin: your team roles



OUR APPROACH FOR REFLECTION

• AACU Value systemβ, using rubrics for all essential skills
• Rubrics articulate fundamental criteria per learning outcome
• Performance descriptors demonstrate progressively more 

sophisticated levels of attainment
• Where applicable, adjusted to programme’s specific needs
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β VALUE Rubrics | AAC&U (aacu.org)

https://www.aacu.org/initiatives/value-initiative/value-rubrics


EXPLORATION OF A USEFUL TOOL:
SELF-ASSESSMENT, REFLECTIONS, FEEDBACK
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WHAT DOES IT LOOK LIKE FOR STUDENTS?
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ESSENTIAL SKILLS: LEARNING PROCESS
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Self-
assessment

Practice

(Peer 
Feedback)Reflect

Teacher 
Feedback

Start here:



EXAMPLE M6: GUESSTIMATION CASES
• How much CO2 does an oak tree in the Netherlands store in 1 year?
• How big of a water tank would you need, to store enough heat in liquid 

water over the summer, so that you can heat your house the whole winter?
• Estimate how many pipette tips the entire UT uses per day.
• How many apples should you eat to have enough energy to climb the 

Mount Everest?
• If you had to wash all the clothing worn today at the UT, how many rounds 

with a washing machine would you need?
• How many sugar molecules are on your face after a direct hit with a cake?
• How much cleaning solution is needed to clean all the desks and tables in 

Carré once?
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FINAL EXAMPLE: QUANTITATIVE LITERACY @CSE

21

Characteristics: 
Interpretation; Representation; Calculation; Application/Analysis; Assumptions; Communication

CSE Essential skill # 7:
Quantitative Literacy

Emerging
1

Developing
2 3

End of Bachelor’s
4

Interpretation
Ability to explain information 
presented in mathematical forms 
(e.g., equations, graphs, 
diagrams, tables, words)

Attempts to explain information presented 
in mathematical forms, but draws incorrect 
conclusions about what the information 
means. For example, attempts to explain 
the trend data shown in a graph, but will 
frequently misinterpret the nature of that 
trend, perhaps by confusing positive and 
negative trends.

Provides somewhat accurate explanations 
of information presented in mathematical 
forms, but occasionally makes minor errors 
related to computations or units. For 
instance, accurately explains trend data 
shown in a graph, but may miscalculate 
the slope of the trend line.

Provides accurate explanations of 
information presented in mathematical 
forms. For instance, accurately explains 
the trend data shown in a graph.

Provides accurate explanations of 
information presented in mathematical 
forms. Makes appropriate inferences 
based on that information. For example, 
accurately explains the trend data shown 
in a graph and makes reasonable 
predictions regarding what the data 
suggest about future events.

Representation
Ability to convert relevant 
information into various 
mathematical forms

Completes conversion of information but 
resulting mathematical portrayal is 
inappropriate or inaccurate.

Completes conversion of information but 
resulting mathematical portrayal is only partially 
appropriate or accurate.

Competently converts relevant information 
into an appropriate and desired 
mathematical portrayal.

Skillfully converts relevant information into an 
insightful mathematical portrayal in a way 
that contributes to a further or deeper 
understanding.

Calculation Calculations are attempted but are both 
unsuccessful and are not comprehensive. 
For example, units are missing or 
incorrect.

Calculations attempted are either unsuccess-
ful or represent only a portion of the calcu-
lations required to comprehensively solve 
the problem. Units are correctly used.

Calculations attempted are essentially all 
successful and sufficiently comprehensive to 
solve the problem. Units are correctly 
used.

Calculations attempted are essentially all 
successful and sufficiently comprehensive to 
solve the problem. Calculations are also 
presented clearly. Units are correctly used.

Application / Analysis
Ability to make judgments and 
draw appropriate conclusions 
based on quantitative analysis

Uses the quantitative analysis of data as the 
basis for tentative, basic judgments, 
although is hesitant or uncertain about 
drawing conclusions from this work.

Uses the quantitative analysis of data as the 
basis for workmanlike (without inspiration or 
nuance, ordinary) judgments, drawing 
plausible conclusions from this work.

Uses the quantitative analysis of data as the 
basis for competent judgments, drawing 
reasonable and appropriately qualified 
conclusions from this work.

Uses the quantitative analysis of data as the 
basis for deep and thoughtful judgments, 
drawing insightful, carefully qualified 
conclusions from this work.

Assumptions
Ability to make & evaluate impor-
tant assumptions in estimation, 
modeling, and data analysis

Attempts to describe assumptions. Explicitly describes assumptions. Explicitly describes assumptions and provides 
compelling rationale for why assumptions are 
appropriate.

Explicitly describes assumptions and 
provides compelling rationale for why each 
assumption is appropriate. Shows awareness 
that confidence in final conclusions is limited by 
the accuracy of the assumptions.



WHY THIS APPROACH?
• Stimulate reflection and growth
• PebblePad is a very practical tool

• Rubrics help students to find words for their growth;
• Checking boxes in rubrics and counting these scores gives quick overview 

for students and facilitates assessment;
• Feedback very visible (good overview);
• Tool to reflect and to steer students’ learning;
• Feedback from small group of teachers and/or hand-picked peers

• GDPR (AVG)
• Privacy of students guaranteed; very limited access (separate from Canvas)

• LLL (LLO)
• Students keep access after graduating 22
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