Motivation for the Physics Assessment Evidence Project

Over the last 25 years, student learning in introductory physics classes has often been assessed using legacy
instruments such as the Force Concept Inventory (FCI) [3] and the Force and Motion Conceptual Evaluation
(FMCE) [4,5] — instruments designed to measure students’ conceptual understanding of Newtonian
mechanics. These instruments have been critical to the development of Physics Education Research (PER)
as a discipline and the recognition that reformed instruction is crucial for the development of student
understanding [6]. However, these instruments have serious flaws.

1. The legacy instruments have substantial psychometric problems which may limit their usefulness
for both research and instructional applications. Since the FCI’s introduction, the validity of the
instrument has been challenged [7-10]. A substantial strand of research has shown the instrument does
not have the factor structure suggested by the authors and that Exploratory Factor Analysis extracts
factors for which there is little theoretical support [11,12]. A well-constructed instrument of the length
of the FCI or the FMCE should measure some overall construct as well as several subdimensions (sub-
constructs) of that construct. These subdimensions should be measured by subscales (groups of items
measuring the same sub-construct) within the instrument in order to provide a user of the instrument
with a more detailed picture of the construct than is provided by the overall instrument score. Because
neither the FCI nor the FMCE were constructed to contain a reliable set of subscales, both instruments
only provide an overall score and do not provide the additional detail of subscale scores which would
allow an instructor to pinpoint places where instruction needed improvement. Recently, the lack of
subscale structure has been tied to flaws within the instrument resulting from the practice of collecting
items into item blocks each referring to a common stem (causing unintended correlations between
items) and the use of a small subset of isomorphic items with common solution structure [13]. More
general psychometric flaws in both the FCI [13-16] and FMCE [17,18] have also been reported with
many items having difficulty or discrimination values that would lead them to be flagged as problematic
in Classical Test Theory [19]. More recent network analytic studies [20,21] have also suggested some
items are not functioning as intended. In general, these issues have led to calls to provide alternate
scoring for the FCI [22] and led the authors of the FMCE to introduce an alternate scoring scheme
which eliminated multiple items [5].

2. These instruments have serious and potentially harmful demographic biases. For example, using
a standard method to define an item as fair to a group of students if students in the group with the same
overall facility with the material as a reference group score equally to the reference group, a recent
large study at three institutions by this project’s PI (Henderson) and Co-PI (J. Stewart) and collaborators
found five items within the FCI to be substantially unfair to women [16]. These items had been
sporadically reported as unfair in research for over 15 years [16, 23-27]. In addition to gender, recent
research has shown differences in inventory scores for underrepresented minority (URM) students [28,
29], first-generation college (FGC) students and students from rural areas [30]. In general, these
inequities can “reinforce with students the false notion that [they] do not belong in higher education”
[31] and more specifically, in physics. Over the last 30 years, the teaching of physics has evolved yet
the formative assessments that instructors use to evaluate students’ conceptual understanding of
Newtonian mechanics within the classroom have remained the same. Therefore, it is crucial that the
field of PER develop new and more equitable assessment tools.



3. Both instruments feature items with artwork and contexts from a different era and represent
limited diversity. They predominantly use white male subjects, feature contexts that may be less
familiar to some populations (ice hockey, sleds on icy ponds, objects dropped from planes), and
situations that may now be generally unfamiliar (the space shuttle). As an example, an item common
to both the FCI and FMCE is shown in Figure 1 (it appears in the FMCE with similar artwork but
slightly different text). Not only may the anachronistic nature of the instruments discourage or alienate
students, but we note also, for example, that the situation in Figure 1 is offensive to students in some
cultures where touching one another with the feet is, at best, improper.

In the figure at right, student "a" has
a mass of 95 kg and shudent "b™ has 2
mass of 77 kp. They sit in identical
office chairs facing each other.
Student "a" places his bare fest om
the knees of student "b", as shown.
Stedent "a" then suddenly pushes
outward with his feet, causing both
chairs to move.

During the push and while the
students are still touching each other:
Figure 1: FCI Item 28. An item with a problematic representation and context [3].

The flaws identified in the legacy instruments have come to represent a serious impediment to research in
PER involving student understanding. The poor psychometric properties have led some studies to identify
structure arising from misleading artifacts of the instrument as real features of student understanding. Many
physics education researchers, including the Pls of this project, have explored student understanding of
Newtonian mechanics (as measured by the FCI or the FMCE) between different demographic groups. Much
of the literature revolves around the well-established “gender gap” where male students outperform female
students by 12% on the FCI and the FMCE [32]. The results of these studies must be reexamined
considering the fairness issues identified in the FCI. While many reasons have been investigated to try to
explain these differences such as prior academic preparation [33-36], cognitive differences [37-40], and
psychocultural factors [41-45], there is little agreement within the community as to why there are consistent
differences in FCI scores between men and women. In addition to gender, differences in FCI scores between
URM and non-URM students have been investigated [28, 29] as well as differences between FGC students
and non-FGC students and rural and urban students [30].

Preliminary Findings

As a precursor to this proposed work and as a beginning of the ECD process, the Pls conducted surveys
and interviews with 13 introductory physics instructors from nine different institutions across the country
including six Predominantly White Institutions (PWI), two Hispanic Serving Institutions (HSI), and one
Minority Serving Institution (MSI). Generally, we learned that the community would benefit from an
‘improved’ version of the existing tools rather than something completely new. The instructors
mentioned that the existing assessment tools are the best available options for their classes as they work
“well enough” to capture the big picture of the students' understanding of the concepts. However, due to
the natural limitations of the instruments, it is impossible to see the students’ reasoning involved and the
problem-solving process. They alluded to having a set of tools that allowed for some flexibility in their
assessment strategy. The majority of the instructors in our sample addressed their limited bandwidth and
available resources to evaluate or conduct research on the existing assessment tools, but all are open to
considering improved versions of the instruments.
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