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Abstract:
Part 1: Many physical systems can be represented by conservation laws with
source terms, or balance laws. First, we present efficient well-balanced discon-
tinuous Galerkin methods for one-dimensional systems of balance laws, which
preserve the general non-zero velocity equilibria of the forward problem. Sec-
ond, we examine the inverse problem in which the states of the balance law
are known and measured, but the variable in the source term is unknown. We
present an iterative method using an adjoint approach for recovering a time-
dependent topographical source term from balance laws.
Part 2: Neural networks have recently been used as surrogate models for map-
ping inputs of an engineering system to outputs of interest. Once trained, neu-
ral networks are computationally inexpensive and remove the need for repeated
evaluations of computationally expensive models. However, accurate training
often requires large amounts of simulation data that may not be available in the
case of computationally expensive systems. We explore the application of bi-
fidelity weighted transfer learning techniques using training data generated from
both high- and low-fidelity models. We illustrate the utility of the bi-fidelity
transfer learning method where we focus on accuracy improvement achieved
compared to standard training approaches.
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Abstract: The purpose of this study was to establish the reliability and validity of
the construct map for students’ conception of equivalence with special emphasis on
investigating the impact of the structure of the equation on students’ conception of
equivalence. The study examined the role of the structure of the equation, specifi-
cally place value and position of box or unknown, in identifying students’ conception
of equivalence. Emphasizing the structure of the equation, a modified construct map
of students’ conception of equivalence was designed by introducing new intermediate
levels. An equivalence assessment was designed which comprises items of different nu-
meric structures to assess knowledge associated with each level of the construct map.
This study utilized a mixed-method sequential explanatory design. The result from
quantitative phase using Rasch analysis suggested that the modified construct map
appropriately incorporates students’ transition from basic operational to full relational
understanding. Qualitative findings aided in identifying and describing the cognitive
processes underlying the students’ responses on the written assessment items and pro-
vide confirmatory evidence for validity. These findings indicated that the modified
construct map for students’ conception of equivalence is reliable and valid. Specifically,
findings suggest more attention be paid to the role of place value in the teaching and
learning of equivalence.
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