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To which extent is prior
knowledge in physics
beneficial for future
learning?



Prior knowledge and preparation for
future learning

* Prior knowledge about the specific learning content is the single
oest predictor of knowledge and achievement

* Prior knowledge can be transferred most likely if it is similar to
* the new knowledge

* the physical, temporal, functional and social contexts

* the modality of testing

— Preparation for Future Learning

Ackerman, 2007; Barnett & Ceci, 2002; Bransford & Schwartz, 1999; Hambrick & Meinz, 2011; Schneider et al., 1989;
Staub & Stern, 2002; Stern, 2015; Tricot & Sweller, 2014; Weinert et al., 1989



Effects of prior knowledge

Prior knowledge can support future learning if it is:
- activated

- relevant for the new knowledge

- congruent with the new knowledge
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BUT: prior knowledge not always
positively related to learning gains
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Correlation with normalized knowledge gains

Prior knowledge can cause negative transfer in some contexts, whereas it
supports learning in others

Brod, 2021; Simonsmeier et al., 2021



Posttest vs. absolute vs. normalized gain
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* Absolute gain = Posttest - Pretest
= (Posttest — Pretest) / ( Max. — Pretest)



...systematic research on the conditions
under which prior knowledge has

positive, negative, or negligible
effects on learning




Swiss MINT Study

* Over 17000 students from 1t-6t" grade
 Around 600 classes in 130 schools in
the North and West of Switzerland

* Teaching material from University of Minster, Germany (Moaller, 2005)

e 15 teacher-guided lectures on the topics:
e Air & Air-pressure
* Bridges & Stability
* Floating & Sinking
e Sound & Spreading of Sound

Basic curricula
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Design
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=)
© pu(
=
g
S
=)
~—
)
=
=
—

Basic curricula

Air &
Atmospheric
Pressure

Stability of Floating &
Bridges Sinking

Hydrostatic

Magnetism
pressure

Proportionality Proportionality
in speed context in density context

Similarity to Source Domain



Samples
* Magnetism Study (n = 1840, M. = 12.12 years)
* Proportionality Study (n = 566, M_,, = 11.24 years)

* Hydrostatic Pressure Study (n = 1375, M_,. = 13.64 years)



Research Questions

Is there an effect on normalized learning gains...

2) ...of the number of physics units (dosage effect)?

3) ...of the posttest score of each physics unit?



Intervention vs. control
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Dosage effect
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Dosage effect
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Posttest scores
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Posttest scores

Basic curricula
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Posttest scores
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Discussion

* Large-scale evaluation of the idea of preparation for future learning

* Overlap in relevant and congruent knowledge is theoretically important;
our results specify this theory:

* Prior knowledge is important when learning happens in the
same target domain (e.g., magnetism, hydrostatic pressure)

* Transfer of prior knowledge to a different domain is difficult

* General knowledge seemed more predictive than specific
knowledge



Thank you for your
attention, | am

looking forward to
the discussion (-
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