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Nature of Science

• Theory-laden


• Empirical & inferential


• Creative


• Tentative


• Social & cultural embeddedness
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How do we make informed decisions based on scientific evi-
dence? Learning about the nature of science can help us with 
that challenge. The nature of science describes the values 
and underlying assumptions that are intrinsic to scientific 
knowledge. As such, understanding the nature of science is 
considered to be the core of scientific literacy.[1] 

Research shows that di!erent aspects of the nature of 
 science are important for high-school students and should 
be taught explicitly.[2,3]

This activity teaches students the following:
 ⦁ scientific explorations are guided by scientific theories;
 ⦁ science is empirical and inferential;
 ⦁ science is creative;
 ⦁ science is tentative;
 ⦁ science is a social endeavour.

Mystery-box activities are a powerful educational tool for 
teaching nature-of-science concepts.[4, 5] Mystery boxes come 
in various shapes and sizes, from closed boxes with simple 
everyday objects to water-based mystery boxes with systems 
of water tanks. You can find out more about di!erent mystery 
boxes on the S’Cool LAB website: https://scoollab.web.cern.
ch/mystery-boxes.

Thinking outside the box: Explore the nature of science by building  
LEGO mystery boxes and challenging your students to solve the puzzle.
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Figure 1: LEGO mystery box with a hidden internal structure
Image courtesy of the authors

Mystery boxes in the classroom
Activities with mystery boxes support students in experiencing 
di!erent scientific methods and increase their understanding 
of the nature of science. These mystery-box activities can be 
used with students aged 14 and above and can be completed 
in around 90 minutes altogether, although teachers can de-
cide to spend more time on the discussion. 

The mystery box challenge:  
explore the nature of science  
Anja Kranjc Horvat, Margherita Boselli, Panagiota Chatzidaki, Merten Nikolay Dahlkemper, Ruadh Duggan, 

Guillaume Durey, Niklas Herff, Daniele Molaro, Gernot Werner Scheerer, Sascha Schmeling, Patrick Georges 

Thill, Jeff Wiener, Julia Woithe, Sarah Zoechling
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3. Discuss the outcomes of the proposed experiments;  
for example, if the second model is correct, what will  
be the outcome of the proposed experiment?

4. Discuss the limitations of the proposed experiments;  
for example, the fourth model in figure 3 contains an 
empty square in the corner, which cannot be observed 
using the ball.

Discussion
Scientific research is most o!ten guided by theoretical mod-
els. In particular, modern research investigations rarely begin 
with a neutral observation of a phenomenon. For example, 
the theoretical prediction of the Higgs boson in 1964 guided 
the development of experiments that discovered the Higgs 
boson in 2012 – 48 years later! However, in the past, scientific 
research o!ten stemmed from direct observations.

Activity 1: 
Discuss theoretical models
At the beginning of the activity, the students are split into 
groups of 3–4. The teacher introduces the mystery-box 
 activity to the students by explaining how the observation 
will take place.

Materials
Each group of 3–4 students receives

 ⦁ Worksheet 1, showing the theoretical models  
(also shown in figure 3)

 ⦁ mini whiteboards and markers

Procedure
1. Examine the theoretical models shown in Worksheet 1.
2. Devise experiments to test each theoretical model. 

Preparation: building a mystery box
The mystery boxes should be prepared before the 
activity. We use mystery boxes built with LEGO, as 
shown in figure 1. The internal structure is shown in 
figure 2. However, other mystery boxes can be used 
as well, for example, 3D-printed mystery boxes 
(https://scoollab.web.cern.ch/mystery-boxes).

The mystery box setup includes the following:
 ⦁ A base: a base plate with an internal structure. 

Regular-sized LEGO can be used to build an 
internal structure on top of a base built with 
LEGO build plates.

 ⦁ A ball: a solid ball is placed inside the  
structure of the base.

 ⦁ Lid: LEGO build plates seal the box, so that  
the structure and the ball cannot be  
observed directly.

The mystery boxes could also be built by a colleague and 
not the teacher directly. This reduces bias and enhances  
the experience of scientific exploration.

IMPORTANT NOTE: While it is tempting, NEVER open the 
mystery box, as that is not how science works. If students 
cannot resist the temptation, glue the box together (that’s 
what we did).

Figure 2: Inner structure of 
the LEGO mystery box; grey 
circle represents the ball
Image courtesy of the authors
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Figure 3. Four theoretical models of the possible inner structure of a LEGO mystery box; grey circles represent the ball 
Image courtesy of the authors
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