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• existing educational systems and high school curricula are not able to fulfil the 
needs of gifted students appropriately

• many high school students are hardly able to decide about their future studies and 
professional orientations. 

• by regular lessons in science gifted high school students often are underchallenged

• their potentials are not stimulated appropriately, which causes their loose of 
interests and motivation

• in order to attract gifted high school students to science and modern technology, 
various extracurricular challenging projects need to be systematically established

MOTIVATION



Theoretical research and competition for 
the first generation of gifted students

1st year – 1st phase

Preparing equipment and constructing 
relevant experimental setup – detector of 

particles.

2nd year – 2nd phase

3rd year – 3rd phase

Developing and testing extracurricular activities

Design of new curriculum for gifted 
students

RESEARCH PHASES



THEORETICAL DESIGNING OF RESEARCH PROJECT

• 1st YEAR – 1st PHASE



• nuclear physics is a relevant topic for analysis of natural processes in the environment, and
thus it can be very attractive research topic for gifted high school students

• collaboration with academic staff at universities and research institutes, which brings
additional potentials for students

• the experimental setup has been designed, as a low-cost spectrometer on information
technology platform to measure ionising radiation in the environment, such as alpha- and
beta-particles of various energies.

EXPERIMENTAL DESIGNING OF RESEARCH PROJECT

• 2nd YEAR – 2nd PHASE



Two types of experimental setups have been organised as student research projects:

• experimental setup consists of 
simple mechanical materials

• a low-cost spectrometer based on information 
technology platform that measures ionising radiation in 
the environment (such as alpha- and beta-particles).



Student activities

• build and use the above presented particle
detector

• measure some of their properties (energy,
momentum, etc.) by using relatively simple, but
technologically relevant equipment

• select relevant literature and guidelines, to
assemble given particle spectrometer and cloud
chamber (Manual for optional teaching in
physics and relevant research papers in nuclear
physics for education purposes)



Student activities

• discuss student observations with peers and experts
• study some of particle properties, particle tracks
• research using similar principles, with different simple techniques for particle

detectors
• present project research reports



The interests of students for further work with the available
particle detectors are as follows:

• impact of ionised radiation to the environment
• energy distribution of radiated particles
• second radiation of a substance that has been exposed to primary

radiation

• only 20 % of students were not able to express their further scientific
interests related to experiments



Student achievements have been assessed by using a set of questions:

YES
80%

NO
20%

1. Are you motivated for activities with attractive experimental set?

The key factor for success of extracurricular research activities is the individual autonomous and 
responsible teamwork by using relevant and attractive experimental devices. 



YES
70%

NO
30%

2. Are you able to work autonomously by using relevant literature ?

Student achievements have been assessed by using a set of questions:



3. Which of the following do you consider crucial for research in the field of nuclear physics?

40%

40%

10%

10%

still I don’t know how

quality literature

good 
supervisor

enough time.

The universities should develop trainings for teachers working with gifted students, which 
should support the independence, motivation and creativity of students. 

Student achievements have been assessed by using a set of questions:



Assessment of Achieved Learning Outcomes

• Describe basic characteristics of elementary particles
• Describe and applies concepts of special relativity theory
• Explain the trajectory of a charged particle in a magnetic field
• Apply concepts of the wave nature of the particles, laws of energy and momenta conservations
• Install and use the computer simulation packages in order to determine quantities that require

complex mathematical calculations
• Adapt and apply information technologies, preparation of presentations and videos
• Responsibly perform accepted tasks in the project
• Successfully collaborate, communicate with other members during teamwork
• Successfully self-organise and participate in the organisation of teamwork
• Successfully communicate with researchers from universities and research institutes in foreign

language

• 1st YEAR – 1st PHASE



Assessment of Achieved Learning Outcomes
• 2nd YEAR – 2nd PHASE

• Describe basic characteristics of nuclear particles
• Achieve practical experimental skills such as soldering, connecting and 

distinguishing resistors, diodes, capacitors and similar electronic 
components

• Assemble an experimental set
• Install and use of relevant software
• Sort of electronic elements
• Describe principles of operation of the detector
• Describe ways for graphical representation
• Successfully communicate with researchers from universities and 

research institutes
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CONCLUSION 3rd year – 3rd phase

The experiences and the feedback from students show that the trainings at universities
should include:
• the relevant scientific background of individual experiments including possible problems

and questions of students
• possible combination of different experiments and technologies
• special equipment for making an experimental set, CNC machine, various tools
• the didactical background to accelerate experiments, making them feasible and interesting

for gifted students.

The extracurricular activities with gifted students show that the acceleration and enrichment of gifted 
students requires the cooperation of schools with universities and research groups.


