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How the Brain Learns New Content (Jensen, 2005, p. 15)
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▪ 0 – 1 years: capability of learning every language

▪ 1 - 3 years: grey matter = main structure of brain, more than necessary

▪ 3 – 6 years: more grey matter in prefrontal cortex 

(Planning, organization, concentration)

▪ 6 years: brain has already 90 % of final size

▪ 6 – 12 years: more grey matter in posterior parts, development of 

verbal skills and spatial intelligence

▪ Girls develop earlier
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▪ > 12 years: capability of language learning decreases

▪ Adolescence (15 – 20 years): 

▪ brain under reconstruction

▪ Pruning – up to 50 % of synapses disappear - Use it or loose it!

▪ White matter: Myelination – myelin layer gets thicker, faster stimuli transfer

▪ Surge in growth of prefrontal cortex

▪ Hormones influence talents and performance

▪ Estrogen – verbal and spatial intelligence

▪ Testosterone & cortisol – memory
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▪ Girls develop faster

▪ Language aptitude and empathy are female

▪ Math and spatial intelligence are male

▪ Hormones influence talents and performance

▪ Higher estrogen – better verbal performance

▪ Lower estrogen – better spatial orientation

▪ Aptitude & performance vary in female hormonal cycle

▪ Higher testosterone – better memory

▪ Lower cortisol level during sleep – better long-term memory

▪ Brain structure is different – Females:

▪ Thicker corpus callosum (connection brain hemispheres)

▪ Language procession distributed in both hemispheres

▪ Broca & Wernicke area proportionally larger

▪ Higher density of neurons in Wernicke-Area
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Regulate motivation, interest, attention, learning capacity

▪ Estrogens:

▪ High level: verbal intelligence

▪ Low level: spatial intelligence

▪ Testosterone:

▪ Memory

▪ Serotonin: 

▪ “ feel good ” chemical

▪ Glutamate:

▪ Concentration, memory

▪ Acetylcholine:

▪ Fosters learning, selected attention

▪ Noradrenalin: 

▪ General attention, alertness, concentration 

▪ Cortisol

▪ Stress-hormone, low level – better memory

▪ Dopamine: 

▪ Stimulates motivation and pleasure centers
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▪ Considering biological facts:

▪ Age, gender, hormones, neurotransmitters, limbic system etc.

▪ Different tasks, roles, methods, approaches, material, topics, 

▪ Influencing personal facts: 

▪ Motivation, attention, emotions, dopamine, adrenalin 

▪ Interesting & useful topics, products, games, competitions 

▪ Creating supportive environment:

▪ Lesson structure, breaks, room, varied material, tools, ICT 

▪ COOL: COoperative & COmputer-supported Open Learning

▪ Supporting brain functioning and memory process: 

▪ Pattern recognition – discovery learning

▪ Mirror neurons – observational learning, 

▪ Recall = new learning – learning by teaching, peer tutoring, cooperative learning

▪ Cognitive effects e.g. primacy-recency, modality effect, priming
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Integrating consolidation phases in classroom (Sousa, 2006)



Barbara Sabitzer 19

http://www.iceinstitute.org/uploads/1/0/9/8/10981999/9004064_orig.jpg



Improving Understanding of Programming

Enhancing Learning Outcomes in 
Bachelor Programming Courses
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▪ Development of

▪ A brain-based teaching concept for programming courses (nominated for
Ars docendi 2013 - National Award for excellent teaching at Universities)

▪ Appropriate teaching material as a self-learning booklet

▪ Evaluation of

▪ Acceptance and satisfaction

▪ Learning outcomes
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	 Experimental	groups	(EG)	 Control	groups	(CG)	

Pilot	Project	
2012/13	

1	EG	(n=21,	nf	=	7,	nm	=	14)	 6	CG		(n=	105,	nf	=	29,	nm	=	76)	

Extended	Project		
2013/14	

3	EG	(n=71,	nf	=	24,	nm	=	47)	 4	CG	(n=88,	nf	=	37,	nm	=	51)	

	



▪Students act according to competencies
▪ Professionals = Peer tutors, peer teachers 

▪ Amateurs = sometimes peer tutors

▪ Beginners

▪Lesson structure in each unit (90 – 120 min.)
1. Question phase (ca. 10 min) in groups with 1 peer tutor 

consider previous knowledge, recall = re-storage

2. Discovery phase (10-20 min) in groups with 1 peer tutor  

Pattern recognition, learning rhythm (memory consolidation)

3. Laboratory (Pair-Programming)

Practice makes perfect, recall = re-storage

▪ (lecture max. 20 minutes only if and where necessary) 
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▪ Reading exercises for discovery learning

▪ Reading corner (complete program code and guiding questions),

▪ Puzzles of program code

▪ Step-by-step tutorials and exercises

▪ Short tasks including a sample solution

▪ Competence-oriented tasks for cooperative learning

▪ Mini exercises

▪ Solutions

▪ Peer tutoring

▪ Programming exercises for indipendent practice

▪ Short complete programs, topics of every day life

▪ Parts of a complex semester topic
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+Students & teachers liked relaxed atmosphere in the courses.

+Learners & peer tutors appreciate the possibility to get help anytime 
and from different people.

+Free choice concerning tasks, topics and material.

+Most useful methods: discovery learning, peer tutoring, pair 
programming and team work.

+Most useful tasks: all forms of discovery learning: step-by-step tasks, 
reading corners, video-tutorials, mini exercises & solutions

+Peer tutors learned more than in a traditional setting: even contents 
exceeding the frame of the actual course content because they had 
to check the in books or to ask the teacher. 

− The preparation of different material is too much work for teachers.

Barbara Sabitzer 27



Barbara Sabitzer 29
Total average points (both exams, max. 50, less than 25 = failed)



▪ Higher success rate in the EG: 52% (usually 40%)

▪ Significantly better results (achieved points) in the first exam (t-
test for independent groups, p = 0.008, Cohens d = 0.42)

▪ Better results (points) in the second exam: 
average in EG: 10.73 (CG 8.82) 
standard deviation in EG: 6.98 (CG 8.64)

▪ Female students benefit even more (no significant gender 
difference in brain-based groups; 
significantly better results for males in control groups: Cohens d = 
0.58).
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