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Even after some years of physics instruction, students do not distinguish well between heat and temperature when they explain
thermal phenomena. [1] Their belief that temperature is the measure of heat is particularly resistant to change. Long-term teaching
interventions are required for upper middle-school students to start differentiating between heat and temperature. [2]
Few middle- and high-school students understand the molecular basis of heat conduction even after instruction. [3] For example,
students attribute to particles properties such as "hotness" and "coldness" or believe that heat is produced by particles rubbing
against each other. [4]
During instruction, upper elementary-school students use ideas that give heat an active drive or intent to explain observations of
convection currents. They also draw parallels between evaporation and the water cycle and convection, sometimes explicitly
explaining the upwards motion of convection currents as evaporation. [5]
Students rarely think energy is measurable and quantifiable. [6] Students' alternative conceptualizations of energy influence their
interpretations of textbook representations of energy. [7]
Middle- and high-school students tend to think that energy transformations involve only one form of energy at a time. [8] Although
they develop some skill in identifying different forms of energy, in most cases their descriptions of energy-change focus only on
forms which have perceivable effects. [9] The transformation of motion to heat seems to be difficult for students to accept, especially
in cases with no temperature increase. [10] Finally, it may not be clear to students that some forms of energy, such as light, sound,
and chemical energy, can be used to make things happen. [11]
The idea of energy conservation seems counterintuitive to middle- and high-school students who hold on to the everyday use of the
term energy, but teaching heat dissipation ideas at the same time as energy conservation ideas may help alleviate this difficulty. [12]
Even after instruction, however, students do not seem to appreciate that energy conservation is a useful way to explain phenomena.
[13] A key difficulty students have in understanding conservation appears to derive from not considering the appropriate system and
environment. [14] In addition, middle- and high-school students tend to use their conceptualizations of energy to interpret energy
conservation ideas. [15] For example, some students interpret the idea that "energy is not created or destroyed" to mean that energy
is stored up in the system and can even be released again in its original form. [16] Or, students may believe that no energy remains
at the end of a process, but may say that "energy is not lost" because an effect was caused during the process (for example, a
weight was lifted). [17] Although teaching approaches which accommodate students' difficulties about energy appear to be more
successful than traditional science instruction, the main deficiencies outlined above remain despite these approaches. [18]

[1] Kesidou, S., Duit, R. (1993).
Students' conceptions of the second
law of thermodynamics: An
interpretive study. Journal of
Research on Science Teaching, 30,
85-106.
Tiberghien, A. (1983). Critical review
on the research aimed at elucidating
the sense that the notions of electric
circuits have for students aged 8-20
years. Research in Physics
Education: Proceedings of the first
international workshop, 109-123.
Wiser, M. (1986). The differentiation
of heat and temperature: An
evaluation of the effect of
microcomputer teaching on students'
misconceptions. Technical report..
Wiser, M. (1989). The differentiation
of heat and temperature: History of
science and novice-expert shift. In S.
Strauss (Ed.), Ontogeny, phylogeny,
and historical development..
[2] Linn, M., Songer, N.B. (1991).
Teaching thermo-dynamics to middle
school students: What are
appropriate cognitive demands?.
Journal of Research in Science
Teaching, 28, 885-918.
Clark, D., Linn, M. (2003).
Scaffolding knowledge integration
through curricular depth. Journal of
Learning Sciences, 12, 451-494.
[3] Wiser, M. (1986). The
differentiation of heat and

temperature: An evaluation of the
effect of microcomputer teaching on
students' misconceptions..
Kesidou, S., Duit, R. (1993).
Students' conception of the second
law of thermodynamics: An
interpretive study. Journal of
Research on Science Teaching, 30,
85-106.
Driver, R., Squires, A., Rushworth,
P., Wood-Robinson, V. (1994).
Making sense of secondary science:
Research into children's ideas..
[4] Driver, R., Squires, A.,
Rushworth, P., Wood-Robinson, V.
(1994). Making sense of secondary
science: Research into children's
ideas..
Kesidou, S., Duit, R., Glynn, S.
(1995). Conceptual development in
physics: Students' understanding of
heat. In S. Glyn and R. Duit (Ed.),
Learning science in the schools:
Research reforming practice. (pp.
179-198).
[5] Jones, G., Carter, G., Rua, M.
(2000). Exploring the development of
conceptual ecologies: Communities
of concepts related to convection
and heat. Journal of Research in
Science Teaching, 37, 139-159.
[6] Solomon, J. (1985). Teaching the
conservation of energy. Physics
Education, 20, 165-170.
Watts, M. (1983). Some alternative
views of energy. Physics Education,
18, 213-217.
[7] Stylianidou, F., Ormerod, F.,
Ogborn, J. (2002). Analysis of

science textbooks' pictures about
energy and pupils' readings of them.
International Journal of Science
Education, 24, 257-284.
[8] Brook, A., Wells, P. (1988).
Conserving the circus: An alternative
approach to teaching and learngin
about energy. Physics Education,
23, 80-85.
[9] Brook, A., Driver, R. (1986). The
construction of meaning and
conceptual change in the classroom:
Case studies on energy..
[10] Brook, A., Driver, R. (1986). The
construction of meaning and
conceptual change in the classroom:
Case studies on energy..
Kesidou, S., Duit, R. (1993).
Students' conception of the second
law of thermodynamics: An
interpretive study. Journal of
Research on Science Teaching, 30,
85-106.
[11] Carr, M., Kirkwood, V. (1988).
Teaching and learning about energy
in New Zealand secondary school
junior science classrooms. Physics
Education, 23, 86-91.
[12] Solomon, J. (1983). Learning
about energy: How pupils think in
two domains. European Journal of
Science Education, 5, 49-59.
[13] Brook, A., Driver, R. (1984).
Aspects of secondary students'
understanding of energy: Summary
report..
[14] Ametlier, J., Pinto, R. (2002).
Students' reading of innovative
images of energy at secondary

school level. International Journal of
Science Education, 24, 285-312.
[15] Brook, A., Driver, R. (1986). The
construction of meaning and
conceptual change in the classroom:
Case studies on energy..
Kesidou, S., Duit, R. (1993).
Students' conception of the second
law of thermodynamics: An
interpretive study. Journal of
Research on Science Teaching, 30,
85-106.
Solomon, J. (1985). Teaching the
conservation of energy. Physics
Education, 20, 165-170.
[16] Solomon, J. (1985). Teaching
the conservation of energy. Physics
Education, 20, 165-170.
[17] Duit, R., Hauessler, P. (1994).
Learning and teaching energy. In P.
Fensham, R. Gunstone, and R.White
(Ed.), The content of science (pp.
185-200).
[18] Brook, A., Driver, R. (1986). The
construction of meaning and
conceptual change in the classroom:
Case studies on energy..
Brook, A., Wells, P. (1988).
Conserving the circus: An alternative
approach to teaching and learning
about energy. Physics Education,
23, 80-85.

