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Why did we start this project?
We were interested to know what was the biological "authentic" conceptual
understanding of students at the end of the Maturität diploma and during their studies
at university. According to previous research, mostly done in the US, students often
held important misconceptions concerning basic knowledge in biology, even after
some years at university. We investigate that problematic issue in Switzerland with
"Maturitätsschüler" in their last year of gymnasium and students at ETH Zürich and at
Universität Zürich. The diagnostic of students' knowledge will be useful to adapt the
teaching according to the learning needs of students.
The objectives
• Identification of misconceptions in biology held by Maturitätsschüler entering
ETH that need to be addressed in undergraduate teaching
• Assessment of basic conceptual knowledge in biology of Maturitätsschüler
• Evaluation of the learning needs of students and of teaching needs to help
students to improve their understanding.
• Adaptation to the current biology curriculum at ETHZ to promote a deeper
conceptual understanding.
The diagnostic tool and the methodology
An adapted and translated version of the Biological Conceptual Instrument (BCI).
Klymkowsky et al. 2010. http://arxiv.org/abs/1012.4501
24 multiple-choice questions
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25 minutes in class and on paper
Administrated to:
1) The "Maturitätsschüler" in their last year of gymnasium, in different German
cantons.
2) Cohort of students in their first- and second-year at university in obligatory biology
lectures at ETHZ and UZH.
Project worthwhile
Doctorate thesis. 3-4 years. 60%.

What does the BCI look like?
Here are some questions.
Question 1
Topic: Evolution
It is often the case that a structure (such as a functional eye) is lost during the course
of evolution. This is because ...
A.
B.
C.
D.

It is no longer actively used.
Mutations accumulate that disrupt its function
It interferes with other traits and functions.
The cost to maintain it is not justified by the benefits it brings
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Explanations:
• The question evaluates if students held a common Lamarckian thinking, i.e.
animals' needs will determine how an organ would it use or not use and then,
whether it is conserved or not over time (Kampourakis & Zogza, 2006).
• The results demonstrate that some students are confused with the use/not use
and the selection of a structure or a trait.
• The costs and benefits determine whether a structure is retained or not. The
best answer is D.
• The Lamarckian model still influences one third of students in their
understanding about evolution at the end of the gymnasium.
Question 2
Topic: Energetics and molecular interactions
Once two molecules bind to one another, how could they come back apart again?
A. A chemical reaction must change the structure of one of the molecules.
B. Collisions with other molecules could knock them apart.
C. The complex will need to be degraded.
D. They would have to bind to yet another molecule.
Explanations:
• The majority of students (second-year undergraduates) think that, once two
molecules bind to one another, a chemical reaction must change the structure
of one of the molecules to come back apart again (answer 1).
• Even if it is true in some cases, random collisions between molecules are much
more often responsible for their dissociation than an active mechanism
(Alberts et al., 2007). The best answer is B.
• The students don't really recognize the effect of randomness involved in many
biological processes like diffusion or molecular interactions.
Question 3
Topic: Drift and diffusion (randomness)
Sexual reproduction leads to genetic drift because ...
A. there is randomness associated with finding a mate.
B. not all alleles are passed from parent to offspring.
C. it is associated with an increase in mutation rate.
D. it produces new combinations of alleles.
Explanations:
• For this question, all answers can be true, but answer 2 is the best answer.
• It will have not genetic drift if all alleles are passed from parents to offspring.
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• The concept of randomness underlying genetic drift was quite hard even when
students were in their second year at university.

Biological Concepts Survey (ongoing)
Multiple-choice questions have limits. On some BCI questions, the results are
ambiguous. We would like to deepen those by asking students to explain their
thinking. A survey was distributed to undergraduates in their first biology lecture at
ETHZ and UZH in September 2014. The survey is divided into three sections. In the
first part, students define simple common expressions taught in biology lectures. In
the second part, we show some of the ambiguous BCI questions. We ask the students
to select a best answer and one wrong answer and then to explain their choices. In the
third part, the students have to explain simple biological processes and how
randomness can be involved. All student answers are coded and grouped according to
students' common thinking. Here are examples of the answer coding:

Coding according to
students' answers

Students' answers
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In this example, the majority of students have selected a wrong answer as the best
answer. Their explanations would give us some indication on the clarity of the
question and the students' thinking. The analysis of students' answers is ongoing.
Additional information about misconceptions in biology and some collections of
questions available online
•
•
•
•

•
•

Bioliteracy. University of Colorado, Boulder. http://bioliteracy.colorado.edu
Understanding evolution. University Berkeley. http://evolution.berkeley.edu
American Association for the Advancement of Science.
http://assessment.aaas.org
European Commission. Europeans and Biotechnology in 2010.
http://ec.europa.eu/research/swafs/pdf/pub_archive/europeans-biotechnologyin-2010_en.pdf
BBC. http://www.bbc.co.uk/education
Nature Education. http://www.nature.com/nature_education
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