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Abstract

Our research studies about student’s prior knowledge acting as learning
difficulties (referred to as preconceptions) in electricity courses at university
level led us to define knowledge as the association of two elements: a model
and a domain of validity (DoV). This statement is the core of the DoV
framework. This framework reveals its powerfulness in the way it helps
teachers to map students’ cognitive structures, to identify their preconceptions
as well as to derive effective teaching strategies. Quantitative
experimentations we carry out indicate a lack of global circuit solving strategy
among students. Especially, they highlight the fact that the difficulties
encountered by those students in network analysis are not that much relying
on the mastering of solving methods but on the method selection process. This
lack of solving strategy prevents the students to grasp the domain of validity of
the solving methods they master, so to associate the relevant methods with the
suitable circuits. This paper depicts how the application of the DoV framework
to this problem-solving process reveals to be a great tool to identify and tackle
students’ (methodological) preconceptions as well as to formalize, rationalize
and simplify complex solving strategies making them easier to explain, teach
and learn.
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1. Introduction

It is widely acknowledged that students come to courses with difficult-to-change prior
knowledge (referred to as preconceptions in this paper) at both pre-university and university
level, in particular in general physics education. Since several years, we are studying this
phenomenon in circuit theory. Various experimentations led us to propose an original and
formalized conceptual framework based on the concept of Domain of Validity: the DoV
framework. This DoV framework reveals its usefulness and its powerfulness such as a frame
of reference to better understand, identify and assess students’ preconceptions or as a tool
from which effective teaching strategies can be derived. The application of the DoV
framework through experimentations (preposttest design, interviews, case study, etc.) with
different research questions and objectives offered promising results (Sommeillier & Robert,
2017).

We go further in this paper by applying the DoV framework to complex problem-solving
processes and by introducing the concept of methodological preconception. This new
perspective is motivated by quantitative past examination and laboratory test analyses
revealing that the difficulties encountered by the students are at least as much relying on the
method selection process (i.e. the ability to select the most relevant and efficient method(s)
to solve a circuit) as the mastering of solving methods themselves. This application of the
DoV framework reveals to be a great tool to formalize, simplify and so to more effectively
teach complex solving strategies. Several authors among have provided very interesting
analyses about students’ reasoning in circuit solving (Andre & Ding, 1991; Langlois & Viard,
2014; Viennot, 1979), but — according to us — with different perspectives and contexts.

Section 2 depicts briefly the seminal ideas of the DoV framework and how it integrates the
concept of “preconception”. Section 3 introduces the “methodological preconception” as an
expression of a students’ lack of global circuit solving strategy. Section 4 highlights the
benefits of transposing the DoV framework to the network analysis process.

2. Domain of Validity framework

We study students’ learning difficulties caused by prior knowledge in an engineering school.
This approach prompted us to model the observed phenomena and derive an explicit teaching
strategy to address these difficulties. We present in this section a conceptual framework we
call the DoV framework, whose key concept is the domain of validity (or DoV) of a
knowledge. This framework is based on two main assumptions (Subsections 2.1 and 2.2).

2.1. Knowledge is the association between a model and a DoV

We analyzed and summarized seminal ideas from existing constructs about prior knowledge
(Sommeillier, Quinlan, & Robert, 2019): misconceptions, alternative conceptions, anchoring
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inaccurate when launching a satellite. The coexistence of the classical mechanics (Newton)
and the theory of relativity (Einstein) is another well-known illustration.

Introducing the DoV concept allows us to capture the fact that a model is sufficient in many
circumstances, but not all circumstances. This situation is depicted at the top of Figure 1b
(representing the teacher’s cognitive structure) where two models M1 and M2 are both valid
but in different DoVs. It leads us to abandon the idea that a conception is “right” or “wrong”
and opens the door to multiple valid conceptions coexisting. According to us, explicit
recognition of DoVs is today lacking in existing teaching strategies.

2.2. Preconception is the association between a model and an overgeneralized DoV

The second DoV framework hypothesis is that very nature of a preconception consists of an
overgeneralized DoV (or ODoV): a domain of validity too wide relative to what the associated
model can really represent. This simple hypothesis explains many phenomena related to prior
knowledge. It also suggests that the typical blocking situation experienced in learning is due
to the monolithic view of knowledge itself, held by the teacher and/or student.

Referring to the cognitive structure depicted on the top half of Figure 1b, this teacher has two
models in mind, with different DoVs, both coexisting without contradiction. One black-dot
experience (launching a satellite into orbit) is properly described by M2 (round Earth) but
not by M1 (flat Earth). The bottom part of Figure 1b depicts the cognitive structure of students
who possess a preconception related to M1: the students possess the same model M1 as the
teacher but associated with an ODoV (including the black-dot experience covered by M2).

When the teacher presents the students with a black-dot experience for the first time (for
which M2 is a better fit), students will use M1 according to their own cognitive structure
(especially if the student is not conscious of a structural difference between this black-dot
experience and the white-dot experiences). The student is confident in M1 because using it
in the past has resulted in positive feedback from the teacher.

Our hypothesis also explains why, even when students understand M2, they may continue to
apply M1: it is different to remember, understand, explain or even apply a model (which
involves only the model itself) than it is to select an appropriate model when facing a real-
life experience (which involves both the model and its DoV). Students could have learned
and remembered a model M2 without having modified the DoV of a model M1.

3. Network analysis and methodological preconception

In the considered electricity course for 2" year engineering students, the main learning
outcome is to be able to solve electrical circuit problems, more specifically to perform
efficient network analyses. Network analysis is the process of finding the voltages across,
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the possibilities in rethinking the ways circuit theory and network analysis are taught from
the identification of students’ difficulties to the development of teaching strategies.

5. Conclusion

Network analysis is a fundamental learning outcome of any electricity course for which
students encounter strong difficulties. Our experimentations indicate the difficulties
encountered by the students are at least as much relying on the method selection process as
the mastering of solving methods themselves. Applying the DoV framework to this problem-
solving process enables to formalize and simplify this process. Combined with the
methodological preconception, the DoV framework is a powerful tool to better identify
students’ difficulties in circuit solving and it offers a useful perspective to conceive efficient
teaching strategies. This way to apply the DoV framework is not bounded to network
analysis, to circuit theory or even to physics. More investigations have to be done to
implement this approach in other fields and education levels. We are currently working on
the development of a science-learning app in which a DoV-based teaching strategy is
implemented in order to help students from all around the globe overcoming their
preconceptions in different scientific fields. Finally, we recommend to any science teacher to
adopt an approach combining the DoV framework and (methodological) preconceptions as a
tool to better understand, evaluate, target and overcome students’ learning difficulties.
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