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Students have problems understanding the energy concept  (Ben-Zvi et al., 1993; Driver et al., 2014; 

Herrmann‐Abell & DeBoer, 2018;  Mamlok-Naaman & Mandler, 2020).  Cooper and Klymkovsky (2013), 

and Dreyfus et al. (2012) indicate that the fragmentation of the energy concept between science subjects

leads to the possibility  that students obtain an incomplete understanding of the energy concept as a whole.
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Method (Document analysis)

● Learning outcome + Practical Work and ICT
● Verb, read the context and classify

19

associate forms of life with different groups of organisms; (Cog: Analyze - S3)

make wet preparations and use a light microscope to study them; and (P.M.)

value scientific methods when drawing trustworthy conclusions. (Aff.)

explain the meaning of focal length and optical lens strength

(Understand - S2)

● List of nouns and 1 verb = 1 LO (Learning outcome)

● 2 verbs and 1 noun = 2 LO

describe and analyse the main properties of some of the most 

important inorganic compounds(Understand - S2)(Analyze - S3)
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● Expert validation for the method
● Coding 3 times (with 2 months interval)
● Using 4th time active teacher as a outside coder
● The outside coder results were not considered as agreement if we had 

agreement between all 4 categories
○ learning domain,
○ SOLO taxonomy level
○ energy concept component
○ relevance dimension.

Later, inter-rater agreement percentages between coders were calculated.
Summative reliability value was .88 (interdisciplinary science = .75;
biology = .86; earth science = .89; physics= .93; chemistry = .95).
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Validity and reliability



Results I - LO distribution based on learning domain
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Learning domain Science curriculum  LO distribution Energy concept LO distribution

I.S.* Bio.* E.S.* Phy.* Che.* Tot.* I.S. Bio. E.S. Phy. Che. Tot.

Cognitive LO number 32 158 137 142 105 574 13 26 47 95 27 208

Psychomotor LO number 35 12 41 39 49 176 20 1 7 18 16 62

Affective LO number 2 23 5 - 2 32 - - 3 - 1 4

Amount of LO per subject 69 193 183 181 156 782 33 27 57 113 44 274

No. of science lessons on 7-

9th grade

70 175 175 140 140

Average number of LOs per 

lesson

1.0 1.1 1.0 1.3 1.1

Note. I.S. = interdisciplinary science; Bio. = biology; E.S. = earth science; Phy. = physics ; Che. = chemistry: Tot. = total
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Results II - cognitive LO distribution
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Learning domain Curriculum cognitive LO distribution Energy concept LO distribution

I.S. Bio. E.S. Phy. Che. Tot. I.S. Bio. E.S. Phy

.

Che. Tot.

Unistructural LO number 3 1 8 14 7 33 - - 5 7 1 13

Multistructural LO number 10 43 55 82 35 225 3 1 21 56 11 92

Relational LO number 11 107 63 38 57 276 7 24 14 26 11 82

Extended abstract LO number 8 7 11 8 6 40 3 1 7 6 4 21

Number of subject LOs 32 158 137 142 105 574 13 26 47 95 27 208

Note. I.S. = interdisciplinary science; Bio. = biology; E.S. = earth science; Phy. = physics ; Che. = chemistry: Tot. = total
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Results III - Energy Concept Learning Outcomes distribution
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Subject Four energy categories 

E1* E2* E3* E4* E1,2 E1,3 E1,4 E2,3 E2,4 E3,4 E1,2,3 E1,2,4 E1,3,4 E2,3,4 E1,2,3,

4

Interdisciplinary science 4 16 1 10 2 - - - - - - - - - -

Biology - 22 - - - - - 2 - - - - - 3 -

Earth Science 12 24 4 3 4 - - 1 1 2 - - - - 6

Physics 10 51 3 - 15 - - 10 - - 9 - 3 1 11

Chemistry 7 10 1 1 11 - - 3 2 1 - 6 - - 2

Total 33 123 9 14 32 - - 16 3 3 9 6 3 4 19

Note. E1=Energy source/form; E2=Energy transfer/transformation; E3=Energy degradation/dissipation, E4=Energy conservation
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Results IV - Science Education Relevance
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Note. R1 = Individual dimension; R2 = Societal dimension; R3 = Career dimension

Subject Curriculum LO relevance distribution Energy concept LO relevance distribution

R1
* R2

* R3
* R1,2 R1,3 R2,3 R1,2,3 R1 R2 R3 R1,2 R1,3 R2,3 R1,2,3

interdisciplinary Science 46 1 - 13 - - 9 15 1 . 9 - - 8

Biology 152 30 3 6 - 2 - 24 2 . - 1 - -

Earth Science 123 41 4 9 - 4 2 23 23 2 6 - 2 1

Physics 166 3 1 11 - - - 91 12 1 9 - - -

Chemistry 123 16 - 3 - 6 7 24 13 - 1 - 3 3

Total 610 91 8 42 1 12 18 177 51 3 25 1 5 12
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Note. R1 = Individual dimension; R2 = Societal dimension; R3 = Career dimension

Subject Curriculum LO relevance distribution Energy concept LO relevance distribution

R1
* R2

* R3
* R1,2 R1,3 R2,3 R1,2,3 R1 R2 R3 R1,2 R1,3 R2,3 R1,2,3

interdisciplinary Science 46 1 - 13 - - 9 15 1 . 9 - - 8

Biology 152 30 3 6 - 2 - 24 2 . - 1 - -

Earth Science 123 41 4 9 - 4 2 23 23 2 6 - 2 1

Physics 166 3 1 11 - - - 91 12 1 9 - - -

Chemistry 123 16 - 3 - 6 7 24 13 - 1 - 3 3

Total 610 91 8 42 1 12 18 177 51 3 25 1 5 12

5%
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Thank you 
for listening!
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