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Abstract

The aim of this work is to find out how students construct these three related concepts:
Energy, work and force, and understand the concepts: potential energy of electrons, heat
and temperature, and energy flow. Indeed, this work conducted by administering a
questionnaire to 64 students, at the faculty of science and techniques of Fez, Morocco.
To identify Students’ misconception, we analyzed the obtained results by Subject Package
for Social Science (SPSS). On one hand, the findings revealed that students focus on the
concept of force more than on the concept of energy or work and do not make any links
between them, which indicates that these concepts are poorly constructed in the
student’s mind. On the other hand, we notice that Students have difficulties to understand
the change of the potential energy of electrons from one energy level to another. Besides,
instead of responding from an energy point of view, students use the force concept to
describe a situation about energy. In addition, we have notice that many students confuse
the two concepts heat and temperature. These misconceptions about energy and its
related concepts are an obstacle to understanding the electron fluxes and therefore

energy fluxes which are the basis of energy transduction in living cells.
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Introduction

Biological sciences contribute to the actual
formation of the learners, as they focus on
methods and techniques that enable the learner
to build scientific concepts; the learning of
biological concepts enables learners to acquire
the skills of interpreting some observations or
experiences, understanding principles, laws and
theories, and explaining biological phenomena.
However, learning scientific concepts are not
without difficulties because scientific concepts
vary in types, simplicity and complexity.

Energy is one of the abstract scientific concepts
that are difficult to understand because its
construction in the classroom requires the use of
the concrete, that is to say the effects that energy
can produce (Park et al.,2021;Sebastian,2017).
Energy is an important concept in teaching and
learning of biology. Indeed, Biology describes
all the processes that take place in the living
world and that based on the flow of energy in
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living cells (Sebastian et al.,2017)Thus,
virtually all energy transductions in the cell can
be related to a flow of electrons from one
molecule to another (David et al., 2008). That
why, students should have a basic knowledge of
the energy of the electrons, which are the basis
of all biological phenomena (respiration,
photosynthesis, digestion...).

A lack of basic knowledge about energy,
knowledge that starts from energy at the
electron level, causes necessarily
misconception of biological phenomena, which
depend on a flow of energy. So, wrong
knowledge that we have causes misconceptions
while learning new aspect (KURTULUS et al.,
2021). In fact, the wrong knowledge causes
tenacious misconceptions that resist to
extinction and persist at university level studies
(Soehartoet al., 2019). Identification of these
misconceptions is required, and then an analysis
that identifies the obstacles to the construction
of knowledge is needed. Thus, the starting point
of all educational interventions is the
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identification and then the confrontation of the
wrong conceptions, which provoke in the
learner a destabilization leading to the search
for a new balance (Halim et al., 2018).

Moreover, the scientific definition of energy is
the capacity of a system to produce work, this
definition link energy to work, that is to say the
possibility for a system to wundergo a
displacement under the action of a force. It is no
more possible to learn about energy without
first learning the basic concepts force and work
(Béchtold, 2018). Starting from this definition
of energy, we define the particular kinds of
energy explicitly in terms of the work (potential
energy, heat, etc.) (B&chtold, 2018). Thus, it is
necessary to be aware of the basic concepts of
force and work to understand energy and then
these different forms. Besides work and force,
potential energy is another important concept in
biology. The previous studies (Cooper et al.,
2013; Nicole et al., 2014) find that students have
difficulties to understand the change of potential
energy that occur during bonding and molecular
interactions. Another form of energy: heat, on
which various studies have carried out. They
have looked at this concept by showing that
many students could not explain the differences
between heat and temperature (Suliyanah et al.,
2018).In our study, we looked to know how the
concepts of force, work and energy are
constructed in students mind. Then we
examined student’s knowledge about the
potential energy of electrons. After that, we
analyze the misconception that student have
about heat and temperature. Finally, we tested
the learner’s understanding of the energy flow
in the living cell. In other words, we investigate
how students understand energy at the electron
level and how they perceive the related concepts
of energy: Force, Work, potential energy of
electron, Heat and Temperature, and Energy
Flow. In order to identify and provide
systematic  analysis of the students’
misconception of energy and its related concept
a questionnaire consisting of both closed and
open-ended items was administered to the third-
year biology students. Most of the above
concepts are investigated separately in the
literature, in our side we analyze all the
concepts cited above in biological field. We
have concluded that the understanding of all
these concepts together is necessary to
understand energy flow in the living cell, which
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is the basis of all biological phenomena
(respiration, photosynthesis, digestion...).

Materials and Method

This survey was carried out among
Undergraduate Biology Students whose topic of
energy was studied in the first year at the
faculty. We opted for the questionnaire, which
is a data collection instrument. It is very useful
for collecting several pieces of information in a
short time on a given topic or on the ideas,
opinions and conceptions of people. Unlike the
interview, the subjects are unlikely to be
influenced by the interviewer's reactions to their
answers since they answer a questionnaire
individually. We therefore chose this method
since it makes it possible to reach a large
number of students, which corresponds to a
good sample for a study. Thus, it is possible to
bring out the most common ideas and to reduce
the margin of error. A five-item questionnaire
consisting of open and closed questions has
been used as a data collection tool in the study.
The questionnaire includes questions about the
Use of concepts: work, force, energy, potential
energy of electrons, Heat and temperature and
energy flow. The sample consisted of 65
students third-year biology students.

Data Analysis

The findings have been examined in headlines
of Use of concepts: work, force, energy;
potential energy of electrons; Heat and
temperature; and energy flow. For close items,
the answers have been collected under correct
and wrong categories. For the open-ended
items, the answers that explaining the expected
reasoning are considered correct, the answers
that giving a part of the reasoning are
considered incomplete, the answers explaining
a false reasoning are considered incorrect; the
justifications based on external elements are
considered irrelevant and equated with
erroneous answers.

Results and discussion
We will present the results of this study and

their discussion according to the four categories
indicated above.
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Use of the concepts: Work, force and energy

We define energy as the ability of a system to
do work, this general definition is not very
satisfying but different forms of energy
(potential energy, heat, etc.) are directly linked
to it. In other words starting from this definition,
we define the particular kinds of energy
explicity in  terms of the work
(Béchtold,2018).Thus, the progressive
construction of the concept of energy in the
classroom requires starting from the concept of
force and then the integration of another
concept that of work (Zeynep 2018).

In biology, the construction of the concept of
energy requires a passage through the two
concepts of work and force; the concept of work
applied more broadly, it encompasses multiple
functions such as the work, which is exerted
against a force encountered in the cells or the
organism. Therefore, it is no more possible to
learn about energy without first learning the
basic concepts force and work (Eugene, 2019).

In this category, we want to test the mental
representation of students and know if they link
these concepts by asking them to choose the
concepts (force of attraction, Work, Energy)
which allow the electrons to remain in orbit
around the nucleus of the atom; student’s
responses are shown in Table 1.

Table 1. Students' answers about the choice of concepts

Answers of the students Number of  (Percent of student)
students
force of attraction 36 55,4%
Work 0 0%
Energy 25 38,5%
Energy et force of attraction 4 6,1%
Total 65 100,0

From Table 1, it is seen that more than half of
the students say that only the force of attraction
allows the electrons to be maintained around the
nucleus. While 25 students declared that the
energy keeps these electrons in orbit, only 4
students say that to keep electron in their orbit
you need energy and force of attraction, and no
students has chosen work or the three concepts
together. Indeed, the attraction force allows the
electrons to be maintained around the nucleus
but it is necessary to against this attraction and
this requires work just as we have to do work to
hold an object in our hand against the attraction
of gravity.

From these results, it appears that these three
related concepts are poorly constructed in the
student’s mind since they focused on the
concept of force of attraction then on the energy
while none of the students chose the work or the
three concepts together. This indicates a
conceptual difficulty in the student’s mind on
energy and its related concepts. These
conceptual difficulties

of energy, work and force are coming from a
bad construction of links between energy and its
basic concepts.
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Potential energy of electrons

Understanding the potential energy of electrons
is the first step to understand the fluxes of
electrons, which are the basis of energy
transduction in living cells. Potential energy at
the macroscopic and the atomic—molecular
levels was treated in (Cooper et al., 2013); it has
been proofed that students cannot develop a
coherent  understanding  and  explicit
connections from the macroscopic to the atomic
—molecular level. Most of the previous studies
(Cooper et al., 2013; Nicole et al., 2014; Nicole
et al., 2018; Kohn et al.,2018) asked students
about their understanding of the changes in the
“potential energy’’ that occur during bonding
and molecular interactions. They do not seek
how they understand the changes in the
potential energy of electrons from one energy
level to another which seems the basis for
understanding the potential energy changes of a
system as two objects (atoms or molecules)
approach one another.

In this category, we proposed three situations.
Firstly, we tried to find out how the students
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understand the potential energy of electrons as
well as their ability to reason by analogy going
from a situation on the macroscopic level to a
situation on the microscopic level. For that, we
have proposed a situation at the macroscopic
level involving the concept of potential energy,
from which the students must make an analogy
to describe a situation at the microscopic level.
The proposed situation is that of an apple placed
on a table and therefore has a potential energy
of position and to move it against the pull of
gravity it is necessary to perform a work with
the hand, which increases its potential energy.
Therefore, Students must mobilize this situation
to describe the case of an electron having a
potential energy of position relative to the
nucleus of the atom. Student’s responses are
shown in Table 2.

From table 2, it’s seen that only 2 students
correctly explained the requested situation by

mobilizing the elements of the proposed
situation. Indeed, moving an electron to higher
energy levels requires an input of energy that
increases its potential energy. According to the
incomplete answer, 6 students do not fully
describe how the electron moves away from the
atom this is proof that they don’t have enough
information. When wrong answers are
examined, it is seen that 12 students consider
the force of attraction of the nucleus as the
energy supplied to displace an apple by the hand
against the pull of gravity. The common
difficulty is that they use force instead of
energy. The main reason for this is that before
the students understand related concepts with
energy such as force; they try to comprehend the
energy concept. So, students cannot define this
concept clearly and they use related concepts
instead of it. Therefore, students find difficulties
to understand how potential energy change.

Table 2. Students' answers about Potential energy of electrons

Categories  Answers of the students Number of Percent of
of students students
responses (n =65)
Correct If we provide energy to the electron, it will move from 2 3,07%
one orbital level to another by excitation, then its
potential energy increases.
incomplete  If we provide energy to this electron, its potential energy 6 9,2%
increases
Wrong The potential energy of electrons increases as they 8 12,3%
approach to the nucleus due to the force of attraction of
the latter and decreases as they move away from the
nucleus.
The force of attraction of another nucleus increases the 4 6,15%
potential energy.
The potential energy of the electron does not change 1 1,5%
Unrelated 8 12,3%
Unanswered Unanswered 36 55,4%

Secondly, we asked students about the potential
energy change of electrons from an energy level
to another by using a diagram that shows the
energy levels of the atom. Students' responses
are shown in Table 3. The results obtained from
table 3 confirm the students’ misconceptions
found in the first situation,lts show that, more
than half of students gave wrong answers,
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saying that the potential energy of the electron
decreases when it goes from a lower energy
level to a higher energy level. 25 students
provide a correct answer saying that potential
energy increases from a lower energy level to a
higher level. These results confirm the
misconceptions of the some students founded in
the previous category who said that the force of
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attraction attracts electrons towards it, which
increases their potential energy and shows that
most students think with the same way.

In addition, we asked students about the
direction of movement of the electron when it
absorbs light energy. Student’s responses are
shown in Table 4.

Table 3. Students' answers about the potential energy change of electrons from an energy level to

another.
Categories  Answers of the students Number of Percent of
of responses students students
(n=65)

Correct Potential energy increases from a lower energy level to 25 38,5%
a higher level.

Wrong the potential energy of the electron decreases when it 36 55,4%
goes from a lower energy level to a higher energy level

Unanswered  Unanswered 4 6,15

Table 4. Students answers about the direction of movement of the electron when it absorbs light energy.

Categories Answers of the students Number of Percent of
of responses students students
(n=65)

Correct the electron will move in the direction 2 i.e. towards a 40 61,5%
higher energy level

Wrong the electron will move in the direction 1 i.e. towardsa 25 38,5%
lower energy level

Unanswered  Unanswered 0 0

Thirdly, we asked students about the direction
of movement of the electron when it absorbs
light energy. 40 students gave a correct answer
by saying that the electron will move in the
direction 2 i.e. towards a higher energy level,
and 25 of the students gave an incorrect answer
saying the opposite i.e. the electron will move
towards a lower energy level . Therefore, most
students know that light excites electrons and
the latter moves away from the nucleus.
However, they do not know that this energy
supply (light energy) increases the potential
energy of the electron. This shows an incoherent
understanding and therefore the students find
themselves unable to develop a coherent
understanding of the electron flows, which are
the basis of the transduction of energy in living
cells.
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Heat and temperature

The concepts of heat and temperature are
closely related and are always presented
together to learners. These concepts seem to
cause many difficulties for the students. Indeed,
several studies on students' conceptions of heat
and temperature show that the majority of them
confuse the two concepts (Alwan, 2011;
Ratnasari et al.,2017; Sozbilir,2003).

In this category, we asked students if
temperature is a measure of heat and explaining
why. Students’ responses were presented in
Table 5 and students’ explanation were
classified in Table 6.
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Table 5. Students' answers about if temperature is a measure of heat

Categories of Answers of the students

Number of Percent of

responses students students
(n=65)

Correct Temperature doesn’t measures or quantifies heat 19 29,2%

Wrong Temperature measures or quantifies heat 46 71%

Unanswered Unanswered 0 0

Table 6. Students’ explanations about if temperature is a measure of heat.

Categories  of Students’ explanations Number of Percent of
responses students students
(n =65)
Correct Do not have the same heat despite the same 3 12,2%
temperature, we can take a container of 2L at
100 ° ¢ and a second of 200L at 100 ° c, they
have the same temperature but do not have
the same amount of heat.
incomplete 0 0 0
Wrong Temperature is the amount of heat 8 12,27%
heat is high temperature 8 12,27%
heat and temperature are the same 6 9,23%
Temperature is the amount of heat 5 7,69%
There is no relation between the two 4 6,15%
concepts.
Heat is a variation of temperature 3 4,61%
it's a positive temperature 2 3,07%
The T measures the degree of heat 2 3,07%
Unrelated 1 1,53%
Unanswered Unanswered 21 32,30%

From table 5, 70% of students mention that
temperature measures or quantifies heat,
indicating that the majority of students confuse
the two concepts. From table 6 where

student gave their explanation to their answers
mentioned in table 5. It is seen that only 2
students gave a correct reason by saying that the
two containers that have different volume of
water with same temperature do not have the
same amount of heat or by saying that the
temperature is not a measure of heat but of its
intensity.10 students gave wrong answers.
Among them 2 students think that Temperature
is the amount of heat. 2 students said that we
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measure either heat or cold as a function of
temperature.8 students said that heat is a
positive temperature. 6 students said that heat is
high temperature. 2 students told that heat and
temperature are the same. 5 students said that
temperature measures the degree of heat. 2
student told that the temperature measures the
amount of heat. 2 student said that Heat is a
variation of temperature. One student told that
there is no relation between these two concepts.
All the above answers are not corrects which
indicate a misunderstanding of these concepts.

The findings revealed that many students
confuse the concepts of heat and temperature.
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Our results was likely similar to the conceptions
found by (Erickson, 1985).He found the
following misconceptions: Heat is hot, but
temperature can be cold or hot, there is no
difference between heat and temperature, which
indicates that these conceptions persist among
students.

Other students say that temperature is a measure
of the degree of heat; this misconception leads
students to believe that two objects of the same
temperature have the same amount of heat.
Others say that we measure heat or cold as a
function of temperature, so students believe that
heat and cold are separate entities rather than the
same concept. However, some of these students
viewed temperature as the amount of heat.
However, some of these students consider
temperature as the amount of heat; this
misconception is the same as that found by
(Kesidou & Duit, 1993) so they think that two

different quantities receiving the same amount
of heat have the same temperature. Others say
that heat is a change in temperature instead of
saying that the change in temperature is an
observable effect of heat transfer.

Energy flow at the cellular level

Almost, all of the energy transductions in the
cell can be related to the flow of electrons from
one molecule to another. In our work, we tried
to test the students' understanding of the energy
flow in the cell. For this we asked the students
to answer from an energetic point of view, why
the oxidation of glucose is not done in a single
step by the cell, by indicating the considerable
amount of energy released at the end of this
process (2840kJ / mol) . Students’ responses
were classified in the categories presented in
Table 7.

Table 7. Students' answers about Energy flow at the cellular level

Categories  Answers of the students Number of Percent of
of responses students students
(n =65)
Correct If the oxidation is done in one-step, it can be 8 12,3%
unfavorable for the cell.
incomplete 0 0 0
Wrong Unrelated 21 32,3%
Unanswered 36 55,4%

From table 7 we found that 4 students provided
an answer considered as correct. They say that
From table 7 we found that 8 students provided
an answer considered as correct, these students
are aware that this large amount of energy is
harmful to the cell. However, most of the
students gave unrelated answers or have not
answered this question. This is due to the
student’s misunderstanding of the atomic-
molecular level. Also, they have a hard time
connecting information from the macroscopic
to the atomic-molecular level. Therefore, the
key to understanding the flux of energy is to
know how electrons move from one energy
level to another. The amount of energy of an
electron depends on its orbital position or
energy level around the nucleus of the atom.
When an electron is removed from one atom
and given to another, the positional potential

© 2021 JPPW. All rights reserved

energy of the electron is also transferred. For
instance, in the oxidation of glucose, electrons
in the C-H bonds of the glucose molecule are
eliminated in stages in a series of enzymatic
reactions called glycolysis and the Krebs cycle.
During the oxidation of glucose, the electrons
fall into lower energy levels in stages, releasing
stored energy which generates ATP. Therefore,
students should know that when electrons move
from one energy level to another, they release
energy gradually rather than releasing all the
energy in one explosive step which causes
combustion of the cell.

Conclusion

Due to the concept’s relevance in science,
energy is considered as a core (or big) idea for
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the teaching and learning of biology. All
biological phenomena (respiration,
photosynthesis..) are described in terms of
energy; all living organisms collect energy from
chemical bonds. Therefore, we must first learn
the energy changes at the level of electrons to
then understand the potential energy changes of
a system when two atoms or two molecules
come together (chemical bond); misconceptions
at this level prevent students from
understanding how energy flows at the cell
level.

References

Park, M., Liu, X. (2021). An Investigation of
Item Difficulties in Energy Aspects Across
ehninger. W. H. Freeman; b5th edition
DOI:10.1007/978-3-662-08289-8

KURTULUS.M, TATARN. (2021). An
Analysis of Scientific Articles on Science
Misconceptions: A Bibliometric Research 20
(2): pp. 192-207 DOl:
10.17051/ilkonline.2021.01.022

Soeharto, Soeharto & Csapd, Bend &
Sarimanah, Eri & Dewi, F & Sabri, T. (2019).
A Review of  Students’ Common
Misconceptions in  Science and Their
Diagnostic ~ Assessment  Tools.  Jurnal
Pendidikan IPA Indonesia. 8. 247-266.
D0i.10.15294/jpii.v8i2.18649.

Halim, Audrey & Finkenstaedt-Quinn, Solaire
& Olsen, Laura & Gere, Anne & Shultz, Ginger.
(2018). lIdentifying and Remediating Student
Misconceptions in Introductory Biology via
Writing-to-Learn ~ Assignments and  Peer
Review. CBE life sciences education. 17. ar28.
10.1187/cbe.17-10-0212.

Bachtold, M. How Should Energy Be Defined
Throughout  Schooling? (2018). Res  Sci
Educ 48, 345-
367.https://doi.org/10.1007/s11165-016-9571-
5

Cooper, Melanie & Klymkowsky, Michael.
(2013). The Trouble with Chemical Energy:
Why Understanding Bond Energies Requires an
Interdisciplinary Systems Approach. CBE life

© 2021 JPPW. All rights reserved

Biology, Chemistry, Environmental Science,
and  Physics. Res  Sci  Educ 51, 43-60.
https://doi.org/10.1007/s11165-019-9819-y

Opitz, Sebastian. (2017). How Do Students
Understand Energy in Biology, Chemistry, and
Physics? Development and Validation of an
Assessment Instrument. EURASIA Journal of
Mathematics, Science and Technology
Education. 13.
https://doi.org/10.12973/eurasia.2017.00703a.

Sebastian T. Opitz, Andreas Blankenstein &
Ute Harms (2017) Student conceptions about
energy in biological contexts, Journal of
Biological Education, 51:4, 427
440, DOI: 10.1080/00219266.2016.1257504.

David L. Nelson, Michael M. Cox (February 1,
2008) .Principles of Biochemistry L

sciences education. 12. 306-12.
10.1187/cbe.12-10-0170.

Nicole M. Becker and Melanie M. Cooper
(2014). College  Chemistry  Students’
Understanding of Potential Energy in the
Context of Atomic—Molecular Interactions.

Suliyanah, & Putri, H & Rohmawati, Lydia.
(2018). Identification student’s misconception
of heat and temperature using three-tier
diagnostic test. Journal of Physics: Conference
Series.  997.  012035. 10.1088/1742-
6596/997/1/012035.

Zeynep.P. (2018).Energy Concept
Understanding of High School Students: A
Cross-grade  Study.Universal  Journal  of
Educational Research 6(4): 653-660, 2018
http://www.hrpub.org DOl:
10.13189/ujer.2018.060409

Eugene Hecht (2019) .Understanding energy
as a subtle concept: A model for teaching and
learning energy American Journal of

Physics 87,

49(2019); https://doi.org/10.1119/1.5109863

Nicole M. Becker and Melanie M. Cooper
(2018). Energy Connections and
Misconnections across Chemistry and Biology.
CBE—L.ife Sciences Education Vol. 17, No. 1.

Kohn KP, Underwood SM, Cooper MM
(2018).Energy Connections and
Misconnections across Chemistry and


https://doi.org/10.1007/s11165-019-9819-y
https://doi.org/10.12973/eurasia.2017.00703a
https://doi.org/10.1080/00219266.2016.1257504
https://www.google.com/search?sa=X&bih=657&biw=1366&hl=fr&sxsrf=ALeKk01RC9q4ZkMic4EC9hficQGdEkXETw:1599718334084&q=David+L.+Nelson&stick=H4sIAAAAAAAAAOPgE-LSz9U3MClPS4kvVAKzTcuzi1MqtGSyk630k_Lzs_XLizJLSlLz4svzi7KtEktLMvKLFrHyuySWZaYo-Ogp-KXmFOfn7WBlBAAb2zDVTQAAAA&ved=2ahUKEwjQtKyY993rAhWhxIUKHSCbAjAQmxMoAjAYegQIDBAE
https://www.google.com/search?sa=X&bih=657&biw=1366&hl=fr&sxsrf=ALeKk01RC9q4ZkMic4EC9hficQGdEkXETw:1599718334084&q=prinzipien+der+biochemie+michael+m.+cox&stick=H4sIAAAAAAAAAOPgE-LSz9U3MClPS4kvVAKzTSvzjE3KtGSyk630k_Lzs_XLizJLSlLz4svzi7KtEktLMvKLFrGqFxRl5lVlFmSm5imkpBYpJGXmJ2ek5mamKuRmJmckpuYo5OopJOdX7GBlBADmLa8fZQAAAA&ved=2ahUKEwjQtKyY993rAhWhxIUKHSCbAjAQmxMoAzAYegQIDBAF
http://dx.doi.org/10.1007/978-3-662-08289-8
https://doi.org/10.1007/s11165-016-9571-5
https://doi.org/10.1007/s11165-016-9571-5
https://aapt.scitation.org/author/Hecht%2C+Eugene
https://doi.org/10.1119/1.5109863
https://www.lifescied.org/journal/lse
https://www.lifescied.org/toc/lse/17/1

2652

Journal of Positive School Psychology

Biology. CBE Life Sci Educ. 17(1):ar3.
doi:10.1187/che.17-08-0169

Alwan, Almahdi. (2011). Misconception of heat
and temperature Among physics students.
Procedia - Social and Behavioral Sciences. 12.
600-614.
https://doi.org/10.1016/j.sbspro.2011.02.074

Ratnasari, Dewi & Sukarmin, Sukarmin &
Suparmi, Suparmi & Aminah, N. (2017).
Students’ Conception on Heat and Temperature
toward Science Process Skill. Journal of
Physics: Conference Series. 895. 012044.
10.1088/1742-6596/895/1/012044.

Sozbilir, Mustafa. (2003). A review of selected
literature on students' misconceptions of heat
and temperature. Bogazici University Journal of
Education. 20.

Erickson, G. (1985). An overview of pupils’
ideas. In R.Driver, E. Guesne, and E.
Tiberghien (Eds), Children’s ideas in science
(pp. 55-66). UK: Open University Press.

Kesidou, S. and Duit, R. (1993). Students’
conceptions of the second law of
thermodynamics - An interpretive study,
Journal of Research in Science Teaching, 30,
85-106.

© 2021 JPPW. All rights reserved


https://doi.org/10.1016/j.sbspro.2011.02.074

