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1 INTRODUCTION

In an article entitled ‘Encouraging pupil error may promote better understanding
of a scientific concept’, Allen 2005 [1] starts by asking ‘Can a science misconception
be corrected by using illusions?’ [p. 79] In this study, I would also like to start by
asking ‘Can misconceptions in science be identified and corrected using True-False
[T-F] statements?” T-F statements in the traditional form ask students to give [or
possibly guess] a response to the statement set. As teachers would anticipate a
score of 50% for a student who did nothing but guess, they would not be so
enthusiastic to use them in their course work. Besides this, T-F statements do not
provide any diagnostic information on why the student gave a wrong response
and hence, the teacher would still not know what the students’ gaps in
understanding are.

2 DESIGNING THE T-F STATEMENTS

In an attempt to improve on this, three modifications were made to the traditional
T-F statements. In the first modification, the student was asked to give an
explanation of the T-F choice made. By asking students to explain why they chose
a particular response, students were involved in deep thinking that goes beyond
simply choosing between two options. A second modification made to these T-F
statements is related to the content of the statements. Reviewing a number of
journal articles related to students’” misconceptions about a topic provides the
content for a set of T-F statements about the topic. These statements were used to
identify students’ present conceptions and hence provide a basis for diagnostic
teaching. The third and last modification involved using T-F statements that were
not rigorously designed as true or false. This made students qualify the statements
in order to be able to decide on an option. This was meant to encourage students to
come up with claims about the statements that were a source of discussion.

This study involved preparing a set of fifteen T-F statements related to non-
contact forces, the inverse square law of force and Newton’s 2nd and 3rd law of
motion. Once all the students had finished the exercise, a group discussion then
followed.

3 CONTEXT OF STUDY

The T-F exercise was conducted with a group of twenty-three B.Ed. Maltese
students studying at a University in Malta. The group was made up of fifteen
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women and eight men, all between 18-25 years. In their B.Ed. course these students
opted for a specialisation in science. This exercise featured in a unit on ‘Field
Theory’. The unit consisted of seven, two-hour sessions and included an overview
of gravitational, electric, and magnetic fields. The level of the course content
corresponds to work covered at advanced matriculation level.

4 ANALYSIS OF T-F RESPONSES

The analysis of the students’ responses to the T-F exercise were meant to elicit
students’ present conceptions of the areas under study and therefore served to
diagnose the conceptual difficulties that students have in these areas. Prior to this
T-F exercise, students discussed and carried out a brainstorming session on non-
contact forces. As it is useful for the teacher to decide what he or she would
consider a good explanation for the level of the class being taught, a ‘target
response’ sheet was prepared. The T-F statements set and the target response for
the class in the above example can be obtained from the author.

The results of the statements are summarized in the graph (Fig. 1). These give
the students’ responses to the fifteen T/F statements. The graph shows that most
students had a good understanding of some content areas, but had significant
difficulties in some other areas. When using students’ quotes, to give examples of
explanations or affective reactions, pseudonyms were used to safeguard the
participants” identity.
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Figure 1

The graph indicates that most students had clear ideas about the nature of force,
the inverse square law and the transmission of force through a medium
[statements: 1, 3, 4, 5]. However, the graph shows that less than five students out of
twenty-three could present clear explanations about the vector nature of force,
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Newton'’s 2nd and 3rd law and the significance of point particles [statements: 2, 8,
11,12 13 and 15].

4.1 Non-contact forces

In statement 2 - “When a satellite is travelling from the earth to the moon it passes
through a region where no force acts on the satellite’, only three out of twenty
three students’ gave a correct response and explanation. These students pointed
out in their explanation that the statement ‘a region where no force acts” would be
more precise if it read ‘a region where no resultant force acts’. Twelve students
ignored this fact and opted to state that the statement was true. Strangely enough,
seven of these students acknowledged in their explanation that ‘the resultant force
would be zero’ but they did not seem to find it necessary to consider this detail in
their T-F response. Another response included ‘outside the atmosphere there is no
force of gravity and no other external force’ indicating ideas that require
reviewing.

‘Macroscopic charged objects are constructed of a number of charged
particles. When these act on one another the net force exerted on any point charge
g1 by point charges g2 and g3 . . . is simply the vector sum of the forces exerted by
each individual charge 4> and g3 on the charge g:’- this statement refers to
statement 15, and probes into students understanding of the vector addition of
electrostatic forces. No student was able to give a correct response and explanation
but fifteen students out of twenty-three students gave a correct response and an
incorrect or vague explanation. This could possibly result from the fact that the use
of vector addition to find the resultant force on a system of charges was not so
frequently encountered in past coursework. Thus one can attribute this result more
to students’ lack of familiarity with the area than a misconception.

Statement 7 states - “The photograph shows a classic demonstration of static
electricity (Fig. 2). It shows the effect on the hair of a person who is insulated from
the ground and being charged. The demonstration indicates that the forces that
result between static electric charges are weak forces.' Nine students managed to
infer an estimate of the size of the force, but thirteen students stated that describing
forces as “weak forces’ is relative. Students in fact had varying interpretations of
the word “weak’ and these ranged from considering forces between two electrons,
forces between charged objects like two hairs and forces between heavily charged
objects like thunderclouds. The main conclusion was that these forces could be
termed as “weak’ or ‘strong” depending on what they were being compared to.

The responses to statement 14 - ‘A student says that in the situation shown in
the figure (Fig. 3), the magnet and the small polyurethane ball, charged with a
negative charge Q, will repel’ showed that only nine students out of twenty-three
knew that no interaction results between static electric charges when they are
brought close to magnetic poles. Out of these nine only five gave a correct
explanation. The other students either gave an incorrect response and explanation
or did not even attempt to respond to the statement under consideration. Students
seem to confuse the nature of a charge with that of a pole. In fact some
explanations stated that ‘the South Pole has/is a negative charge’” and others stated
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that “unlike charges repel’. This is a common misconception amongst students and
one that is quoted in past journal articles [Borges et al. 1998].

Figure 2 Figure 3

4.2 Inverse square law

‘Newton’s and Coulomb’s law apply to ‘point particles’ and only give the
approximate force between two macroscopic objects if the sizes of both are very
small compared to their separation’ [statement 6]. This statement was linked to the
inverse square law of force but was not a direct mathematical application of the
law as it brought out a detail of the law, that is, the issue of point particles. There
were sixteen correct responses linked with this statement but only six correct
responses and explanations. Some of the explanations included vague statements
such as ‘it depends on how you look at things” and more significant statements like
‘the earth is a point mass when compared to the universe’.

In statement 13 - ‘If the net force on g3 is zero then the charges 41 and g must
be unlike charges and the magnitude of charge g1 must be 4 times that of charge
q2’, a three-body system was considered and students were asked to determine the
resultant force on one of the bodies if three point charges g1, 42 and g; were
equally spaced as shown.” (Fig. 4) This proved to be a very challenging statement
and twelve out of twenty-three students did not even attempt to answer the
question. Out of the remaining eleven students, eight students managed to give a
correct T-F response but only one gave a correct explanation. A typical description
of a wrong / vague explanation ignored factors like the distance between the
charges, an essential physical quantity that needs to be considered when applying
such laws.

q1 q2 q3
Figure 4
The next consideration in this study referred to a long standing debate in ‘Field
theory” - the issue of the ‘medium’. In statement 8 - ‘A force of attraction results

between two unlike point charges placed small distance [~ 1 cm] apart in a
vacuum’, out of the seventeen correct T-F responses only two students managed to
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give a correct explanation for the response. While the statement probed into
students” ideas about whether a force will be transmitted through a vacuum, some
students interpreted the statement as stating whether the vacuum is a necessary
condition for the force to act. This resulted in explanations such as ‘the force of
attraction does not require a medium to take place’. During the class discussion
this interpretation was clarified as the inverse square law equation included the
physical quantity ‘e,” i.e. the permittivity of free space.

Statements 9 - ‘“The force of attraction between the two unlike charges is
transmitted through the intermediate space’ investigated further students ideas
about the issue of the medium. This statement probed into the issue of whether a
force can be transmitted through an intervening space. As the graph in Figure 1
shows, most students” gave a correct response for these statements, but only twelve
students referred to Coulomb’s law and the term “permittivity” as the mathematical
representation of the way that the medium effects the size of the force. Quite a
number of students’” opted to explain their choice for these statements by referring
to the forces on the charges, the intervening space and in some cases by
considering the presence of fields. These explanations featured both in the written
explanation and in the classroom discourse and indicated that students” ideas were
very hazy in this area.

4.3 Newton’s 3'd and 2" laws of motion

These laws are necessary in establishing the type of motion that results on particles
placed in a field. It was therefore essential to set statements related to non-contact
forces acting on particular bodies. Statements 11 and 12 were meant to investigate
how students applied Newton’s 2nd and 34 law to bodies acted on by non-contact
forces.

mi O O m, +Q1O O-EI2

Figure 5

In statement 11- “The forces exerted by the point masses and point charges on each
other always have equal magnitudes but act in opposite directions', only seven
students gave a correct response to the statement but out of these seven only one
student gave a correct explanation. Besides, the other responses and explanations
seem to indicate that most students were not so used to applying Newton’s 3r¢ law
to non-contact forces. The main difficulty that resulted was that students did not
focus their thinking on a particular body but tended to consider forces acting on
the system of bodies. This prevented students from finding the resultant force on a
body and hence from applying Newton’'s 2nd law. The incorrect use of free body
diagrams to find this force seems to have affected the students overall
understanding of such situations and as a result most explanations presented were
vague. This finding is consistent with the finding by Galili 1995 [3] who noted in
one of his studies on students conceptions in electromagnetism that “at least two-
thirds of the students failed to apply Newton’s third law appropriately . . . . “The
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bigger the charge the bigger the force’, was obviously wrongly considered and
obviously caused the violation of the basic principle supposed to have been
mastered in mechanics: the symmetry of force interaction”. [p. 377]

Statement 12 - “Two masses A and B of equal size placed a distance ‘R'm apart
experience a force of attraction F. When mass A is doubled the force of attraction
on A doubles but that on B remains the same’. This statement confirmed students’
difficulty in applying the third law to such situations. There were no correct
responses and explanations and thirteen correct T-F responses having either
incorrect or vague explanations. The analysis of this statement clearly confirmed
that students were finding it difficult to apply Newton’s third law to non-contact
forces.

5 STUDENTS AFFECTIVE REACTIONS

Information about the students’ affective response to these statements was
obtained from the classroom recordings and transcripts of the lessons, the
reflection sheets passed on to students and from the small group interviews done
at the end of the course. The affective reactions of students shifted to positive and
encouraging as the exercise progressed. Initially, most students, when asked to
discuss their responses in groups were feeling uneasy. This uneasiness resulted
from the fact that students were finding the ‘explanation part very challenging’
[Jude] and they were afraid of exposing their lack of knowledge about the subject
matter to their colleagues. As the sessions progressed and they realised that most
of them had vague ideas this uneasiness diminished. Besides this, when
disagreements resulted, students managed to handle them well and this provided
further encouragement for a more fruitful and relaxed classroom discourse.

6 CONCLUSION

The use of T-F statements followed by a short paragraph that explains the choice
provides a meaningful combination for diagnostic teaching. It provides also a
source of peer discussion and healthy argumentation. As in some cases, vagueness
still prevailed a summing up stage was considered necessary. This stage involved
the tutor gathering the issues that surfaced during the discussion so that a
conclusion that sums up the relevant physics content was made.
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