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Introduction

Recent calls to action focus on using educational tools that promote mathematics
learning through evidence-based and equity-forward practices (NCTM, 2018). These
practices may be derived from scholarship that examines factors related to mathematics
teaching and learning using quantitative measures. A purpose of this presentation is to
highlight areas of strength and opportunity related to the use of quantitative measures in
scholarship examining K-12 mathematics settings. One outcome from this research-in
progress is that scholars may become more aware of quantitative assessments for use
in their research. A second outcome from this research is to foster conversations among
colleagues around collaborative scholarship as well as areas for growth within
mathematics education assessment. As a result, scholars may be better equipped to
engage in quantitative research within mathematics contexts. Recognizing what is
available and relevant to a desired area of study has potential to address contexts
connected to topics described in Catalyzing Change (NCTM, 2018, 2020, 2020). That
is, scholars cannot quantitatively measure constructs described in Catalyzing Change
until it is known what measures are available and what they assess. This research-in
progress aims to engage researchers in ongoing research and promote discussions
across attendees.

Relevant Literature

Student Measures

Mathematics education scholarship has a more than 50-year history of using
quantitative measures (Bostic et al., 2019). Early research on students’ outcomes
focused on problem solving (e.g., Post & Brennan, 1976) and content (e.g., Sellke et al.,
1991; Shumway et al., 1981). Broadly speaking, these measures were general
measures intended to assess a construct broadly (e.g., problem solving, mathematics
knowledge of middle school students). As time passed, scholars started to address
more specific topics. Examples include the Research-based Early Math Assessment
(REMA,; Clements et al., 2008) and the Probabilistic Reasoning Questionnaire (PRQ;
Primi et al., 2014). The PRQ was designed to provide a measure for students' basic
understanding of probabilistic reasoning skills to identify difficulties to help them become
more successful in introductory statistics. Also, assessments like the 3D Geometry
Thinking Test (Pittalis and Christou, 2010), which identifies middle school students’
reasoning with spatial ability, highlight how assessments have become more focused on
specific mathematics concepts over the years. As more and more instruments are being
developed for very specific purposes, it is important to understand what instruments
have been developed, for what purposes have they been developed, and the intended
population for that instrument.
Teacher Education
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In a similar fashion, assessments related to teacher education contexts have
undergone a journey influenced by local and national policies (Bostic & Sondergeld,
2015) as well as exploring the degree to which levels of quality and/or implementation of
an intervention are present (Bostic et al., 2021). Quantitatively focused scholarship
examining teacher- and instructional-factors has not necessarily been linear (Bostic,
2017) yet it does reflect the influence of research over time. For example, amounts of
time that teachers spend on a measurable attribute (e.g., Brophy, 1986), presence of a
intervention (e.g., Slavin et al., 2009), and changes in practice as seen in self-report
(e.g., Swafford et al., 1997) represent one side of this trajectory within teacher
education scholarship. On the other side, informal observation techniques such as
anecdotal data (e.g., Farmer et al., 2003), formal observations with a holistic score (e.g.,
Schoen et al., 2003), and formal observations with multiple specific scores drawn from
numerous indicators (e.g., Hill et al., 2012) represent another approach to classroom
instruction and teacher-level attributes. In addition to these approaches, there are
numerous constructs within teacher education that move beyond observed classroom
instruction (e.g., mathematics self-efficacy and mathematics anxiety) that continue to be
examined.

With the plethora of instruments used in mathematics teacher education and in
K-12 mathematics contexts with students, it becomes critical to know more about the
instruments that have been used and areas where mathematics education, as a field of
scholars, has opportunities for growth. This proposal seeks to unpack those areas for
attendees and promote conversations across colleagues with the intent of igniting
partnerships.

Context

Over the last four years, a group of 39 scholars collaborated with the intention to
explore literature between 2000-2020 with the goal of locating quantitative instruments
used within mathematics education contexts. Scholars included mathematics educators,
psychometricians, special educators, and policy experts who had previously conducted
quantitative mathematics or statistics education assessment work. All had experience
using, creating, and/or validating measures for use within mathematics or statistics
education contexts. Scholars formed synthesis teams, which included four to seven
individuals. This research report describes a subset of work from the larger group, with
findings from the elementary (K-6), secondary (7-12), and teacher education
assessment teams.

Data Collection and Analysis

Data collection and analyzes processes are summarized here; more details are
provided in Bostic et al. (2022). The PRISMA statement guided the literature search
(Rethlefsen et al., 2021). Scholars agreed to use the top 24 mathematics education
journals (Williams & Latham, 2017) as the basis for their literature search of quantitative
instruments. Articles that included quantitative instruments were culled to create a list of
instruments. Instrument names, construct(s) measured by the instrument, and keywords
related to the instrument were drawn from them. A format for data collection was also
informed by past reviews of literature conducted by synthesis leaders (e.g., Bostic et al.,
2021; Bostic & Sondergeld, 2015). Synthesis teams agreed on a format for their
literature search such that common search terms describing a population (e.g., teach*
and learn*) as well as instrument language (e.g., measur®, test*, and assess*) were
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identical. Truncated language, wild card (e.g., *), and logic terms were used to generate
a sample space for analysis. Google Scholar, EBSCO, ProQuest, JSTOR databases
were used to gather articles for analysis. The largest possible set of articles to analyze
was desired to best understand the quantitative instruments used within student and
teacher scholarship. As an example, 300 instruments were garnered from more than
3,000 articles describing teacher education scholarship.

Synthesis teams were provided with training from the project leaders prior to data
analysis. Following that training, each team conducted their own work to develop
interrater agreement prior to coding independently. Each team met the minimum rater
agreement, k>.8 (Landis & Koch, 1977). By meeting or exceeding this threshold, raters’
abilities to describe assessment might be viewed as near perfect agreement (Landis &
Koch, 1977).

Groups gathered assessments and categorized them using a shared framework.
The framework asked users to systematically input information about the journal article
including where it is described (e.g., citation and abstract), the instrument’s name,
construct, and population of interest. Each synthesis team then reviewed the
information for possible issues (e.g., duplicates and misinformation) as well as affirming
that measures aligned with the keywords, tags, and other descriptors associated with
the measure. This work was collectively, qualitatively analyzed by three teams (e.g.,
elementary, secondary, and teacher education instruments). After the teams agreed
that constructs were effectively described, then each set of terms was analyzed for
frequencies within the sample. Teams analyzed constructs for frequencies with a keen
goal of understanding areas of which there were greater numbers of assessments
measuring similar constructs. In total, synthesis teams found 192 measures related to
elementary mathematics contexts, 380 measures related to secondary mathematics
contexts, and 284 measures related to teacher education contexts.

Findings

Frequencies for the top five terms describing a construct are shared in relation to
each context as well as the percentage observed within the relevant sample space.
Instruments associated with these terms will be shared in the presentation. Related to
instruments used within elementary mathematics contexts, the top five terms were
achievement (n=34; 17.7%), number sense (n=12; 6.3%), geometry and measurement
(tie: n=9; 4.7%), fraction (n=8; 4.2%), and attitude, problem, and self-efficacy (tie: n=6;
3.1%). Some terms were observed two or fewer times. Examples included language,
pattern, and integer. The majority of instruments measured general achievement. There
were very few measures of students' affective characteristics (i.e., attitude and self-
efficacy). About 18.3% of the top five terms were instruments devoted to measuring
specific mathematics content at the elementary mathematics grade level.

Related to instruments used within secondary mathematics contexts, the top five
terms were achievement and knowledge (tie: n=66; 17.3%), algebra (n=46; 12.0%),
beliefs, motivation and attitude (tie: n=44; 11.5%), geometry (n=33; 8.6%), and number
(n=11; 2.9%). Terms such as behavior, misconception, and quadratic appeared two or
fewer times in the sample. With the large-scale state and national assessments, the
majority of instruments (34.7%) at the secondary level were general achievement or
knowledge measures. Twenty percent of the measures were related to specific content
(algebra n=46, geometry, n=33) within mathematical domains. In addition, 23% of the
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secondary instruments were related to measuring students' affective characteristics or
perceptions (i.e., beliefs, motivation, attitude).

For teacher education instruments, the top five terms were beliefs (n=35; 12%),
attitudes (n=19; 6.7%), instructional quality (n=13; 4.6%), science (n=8; 2.8%), and
nature of mathematics (n=7; 2.5%). Several words appeared two or fewer times in the
sample space including but not limited to: standards, disposition, and orientation. Some
instruments claimed to measure topics that spanned mathematics and science teaching
practices; hence, science arose frequently in the sample space. Similar to K-12 student
contexts, approximately 19% of instruments were designed to measure teachers’
affective characteristics (e.g., beliefs or attitudes).

Discussion

We perceive the findings as critical to scholarly discussions for two reasons.
First, we noticed that broad notions of achievement were common within K-12 student
contexts. This informs current scholars that broad measures of knowledge/achievement
are available for use. Related to teacher education, it was evident that there are
numerous measures related to beliefs and attitudes, which include self-efficacy. This is
fortunate as scholars have options for measures. On the other hand, it may be
problematic because such a high number of options may make it difficult to select a
measure that is most germane to their contexts for teacher beliefs and attitudes,
especially if terms are used synonymously but operationalized in distinct ways. A
second observation was that these findings indicate trends in quantitative assessment.
While some topics have high frequencies (e.g., attitudes) across K-12 student and
teacher contexts, our team observed low frequencies for some topics that seem
relevant. For example, we observed low frequencies related to language (elementary),
behavior (secondary), and standards (teachers). We hold these findings tentative
because they describe frequencies related to the construct. It is plausible that a
measure might assess teachers’ implementation of teaching standards, as one
example, but that language was not used by instrument users. To that end, our team
believes it is important to further study the measures and understand (a) how instrument
developers believe their tools should be used, (b) the ways in which those instruments
are used, and (c) how those instruments are described in the literature. Authors (2022)
suggest that instrument developers use an instrument use summary to convey relevant
information about the purpose of a measure so that users are better equipped to make
effective decisions for their scholarly and teaching needs.

Attendee engagement

We propose to structure our session around a central focus with two goals. That
focus is to present our study as a means to stimulate conversations among attendees.
Ouir first goal is to provide them with information about what is currently available
related to instruments published and used within the last 20 years. We plan to use
approximately 18 minutes to describe the results across the three contexts. In addition
to these results described in this proposal, we will share the names of assessments for
attendees to use. Our second goal is to provide space for attendees to organize into
three groups: elementary, secondary, and teacher education, and spend 12 minutes for
discussions. Each group will be led by one speaker from each team who will facilitate
discussions. Initial questions to ignite conversations are: What are you/your teams
examining using quantitative measures? What constructs or measures do you want to
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learn more about? What are challenges that have come up when designing or selecting
a quantitative measure? How can use of quantitative tools in your scholarship foster
evidence-based, equity-forward outcomes? Depending on the size of attendees, we
may sort attendees into sub-groups within one of the three groups so that they may
discuss shared interests with each other and form groups that want to create
collaborations and partnerships.
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