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Learning is context dependent. Hence, the development of diagnostic tools should follow from
extensive qualitative research that reveals the subtle relations between contexts and the
development of students’ knowledge. In this paper, we present initial results within the
framework of developing a model based diagnostic instrument on electricity and magnetism.

Introduction

Electricity and magnetism (E&M) poses
many challenges in both learning and
instruction. It has many inherent conceptual
difficulties (e.g., the idea of fields and
potentials) and the level of technical
expertise needed to solve problems
effectively and successfully is demanding
for most students. Many studies have been
carried out from both the learning and
instructional perspectives.

Among  these studies, students’
understanding of electric circuits is one of
the areas that had been researched
extensively. McDermott and  Shaffer'
investigated students’ understanding of
circuits as a guide in curriculum
development while Bagno and Eylon’,
Ferguson-Hessler and de Jong’ concentrated
on the students’ knowledge structure and its
construction in the context of E&M.

Other areas have also been explored. For
example,  Tornkvist, Pettersson and
Transtromer’ had  studied  students’
understanding of the electric field from a
representational point of view. The study
concludes that students tend to attach much
more reality to the concept of field than is
desired.

Research-based assessment instruments
have also been developed. A good example
is the Conceptual Survey of Electricity and
Magnetism (CSEM)’, which provides a
powerful tool to probe a wide range of
issues of student understanding of E&M.

In our research on E&M, we
systematically investigate the context
dependency of students’ learning and how
the context issues affect students’
understanding.  This is the initial step
towards developing an assessment tool for
E&M based on the method of Model
Analysis’.

In Model Analysis, the collection of
students’ mental models forms the model
space. The identification of the model space
and the development of a diagnostic
instrument based on it will help instruction
address these particular models effectively.
We believe that such a scheme will make
students select the correct models with a
higher probability at the end of instruction.

Framework

To develop diagnostic questions based
on Model Analysis, extensive qualitative
research has to be done to identify the
common student models. We pick physical
concepts, which we call concept topics to
identify these possible models. Therefore,
the identification of concept topics forms an
essential part of our initial work.

The selection of the concept topics is
primarily based on the fundamental
principles of physics. Possible student
models and the relevant context issues are
identified through informal discussions,
student responses in recitations, homework
problems and exams. Topics connecting one
domain to another that help student see



physics in a unified manner were
emphasized. Once a topic is determined, we
make questions that would help us identify
the possible mental models and the work is
conducted with a single concept topic at a
time. The questions may be multiple choice
and/or open-ended and are implemented
through web-based surveys and interviews.

Associated with a single concept topic
are the context issues that affect the
activation and application of mental models.
The context dependency of students’ initial
models in general, are related to their
experience. By studying the real life
examples that students use in their
reasoning, we can extract valuable
information on the context issues of the
student models. Therefore, one aspect to our
study is to survey what meaning and
explanations do students attach to everyday
physical phenomena involving E&M. It is
important to recognize how the level of
abstractness of a question would trigger
different responses. This in turn helps us
select, fine-tune and phrase questions in the
best ways possible.

In our research, we also study how
students ‘move’ across two conceptual
domains, and how the different physical
contexts that were originally used to
introduce the physics concepts may affect
students” knowledge across different
domains. An example is the inclusion of
Newtonian mechanics as a ‘subset’ in the
study of E&M’. Specifically, we investigate
whether students tend to keep the domains
separate or if they transfer knowledge from
one to the other, then to what extent they
carry ideas across and what inherent
difficulties (especially with respect to
contexts) are associated with such
transitions. The importance of this study lies
in the fact that a particular response can then
be properly attributed to its specific domain
or as a transitional difficulty between the
domains, which will facilitate the instructor
to better understand the possible causes of
student difficulties. Moreover, it helps us

build better (clean) questions for the
diagnosis purposes.

We now turn to some concept topic
examples. Given the limited space, we
summarize the observations. The data that
we had gathered thus far results from an
algebra-based E&M course offered at The
Ohio State University.

Concept Topics

e The meaning of the word “static”: We
investigate the meaning students attach to
‘static’ in day-to-day experience and in the
context of static electricity. In the former
context, answers were consistent with an
extra charge build-up (static shocks). In the
latter context, answers ranged from
‘stationary’ to ‘not continuous’. The ‘not
continuous’ idea was stated in the context of
static on the television or the radio, whence
the receiving signal is not continuous
(smooth). Some drew analogies to ‘static
friction’ thus moving across domains.
Attraction and repulsion (e.g., static cling of
clothes) were also stated, showing that
students took the ideas directly from the
former context to the latter.

e Behavior of charges in E and B fields:
The results suggest that most of the students
carry their knowledge of E fields into the
realm of B fields directly. Many students
answered that a charge placed at rest in a B
field would move in the direction of the
field. Most students tend to attach meaning
to the field arrows as giving a ‘kick’ to the
charges. Further more, many students do not
seem to realize that a magnetic field is
created only by the moving charges. This
was revealed through questions that asked
students to identify the fields produced by
charges under relative motion. However,
further study is required to see whether the
difficulties are due to the relative motion
itself or whether it is inherent.

e Electromagnetic induction and Lenz’s
law: Many fail to identify that it is the
changing flux through a coil that leads to an



induced voltage. Almost all failed to identify
the Lenz’s law as a form of Newton’s third
law and could not attribute it to any work-
energy  relationship.  This  suggests
difficulties associated in moving between
knowledge domains and seeing physics in a
unified way.

e Charge conservation: The question
given relates to an example from a particle
physics  experiment. The experiment
involves a collision between a positive and a
negative charge. We asked students to state
the net charge of the particles being created
from the collision. Almost all stated the
correct answer, without explicitly stating the
principle of charge conservation. It seems
natural for students to consider algebraic
addition of positive and negative numbers
(charges) without relating to a physical
principle.

A Detailed Example

In order to give the reader a clearer sense
of the way our work is carried out, let us
turn to a discussion of a concept topic in
detail — the stability of matter on the basis of
the Coulomb forces.

On the basis of the Coulomb force alone
we would expect the positive nuclei and the
electrons to collide. However, from a
student perspective the topic involves many
issues that can affect their responses. For
example, students have studied mechanics
and chemistry. Most are familiar with the
solar model of the atom. Some may even be
aware of the quantum principles at work.
Within E&M alone, we expected to see how
students attach meaning to electric fields and
the ideas of attraction (between nuclei and
electrons) and repulsion (among electrons).
Thus we expected the concept topic to shed
light on student models, their reasoning,
domain shifts and the interplay between
abstractness versus their experience. The
question we posed was: You have learned
that charges of same type repel and that
charges of different types attract. All objects

in the world are made up of atoms, which
consist of positive nuclei and negative
electrons. If positive and negative charges
attract each other, will the nuclei and
electrons collide and land on each other?

All students stated that they would not
collide. The data suggests that a natural
collision of the nuclei and the electrons were
considered counter intuitive to begin with.
However, after stating so, some would
speculate that if they do collide then it
would result in a nuclear reaction. The E
field of the nuclei keeping the electrons
away from it seems to be a common belief.
This suggests a lack of understanding of the
principles but a possible model - a ‘shield’
to prevent collision. Other ideas include
electrons repelling each other and driving
them far apart from the nucleus and arguing
that the atom as a whole is neutral.

Classical mechanics was also used,
stating that centrifugal force keeps the
electrons away. Analogies were also given:
Electrons orbiting the nucleus are similar to
the moon orbiting the earth. An interesting
revelation though is that in a similar
analogy, one student states that:

“FElectrons maintain an orbit just as the
gravitational pull of the sun does not pull
the earth towards it.”

It seems that the student is suppressing
the effect of the central force in place of the
orbital (tangential) motion. The weakening
of the Coulomb force due to the presence of
neutrons in the nucleus was also stated.
Quantum ideas were explicitly stated only
once.

Given the question (context) considered,
we see how the students respond, sometimes
moving across domains (solar system
analogies and classical mechanics) and
sometimes using day-to-day common
knowledge (such as nuclear reactions) and
ideas from the same concept settings such as
the E fields. We also see that they tend to
disregard well-known principles somewhat
knowingly to explain another. We note that
this type of study yields a collection of ideas



that students hold. Our next step is to
identify the significant (common) models
from this pool in such a way that a given
diagnostic question could reflect these
models in the best way possible.

It should be stated that many other
aspects of student reasoning provided a
glimpse on how questions that were
regarded as interesting and would shed light
on students’ knowledge, completely failed to
provide the anticipated results. These
observations are an integral part of the
study. They help us identify further context
dependency issues and how possible
restructuring of the questions may be carried
out.

Goals Ahead

The future stages of this research will try
to identify and investigate more concept
topics such as potential energy, potential
difference, “magnetic charges”,
superposition, etc. The identification of the
significant models through the concept topic
studies will involve a major part of our
research. Questions will then be developed
taking into account these models and student
representations. The questions developed
will be fine-tuned based on both qualitative
and quantitative research to yield a ‘faithful’
representation of the students’ knowledge
states. This may involve several iterations,
going through the steps mentioned above.
This will lead us to a final set of diagnostic
questions, which will be implemented,
tested and compared with the existing
diagnostic tests.
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