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Executive functions (EF’s) are related to mathematics achievement, yet much is still unknown
about how or why these relations exist. Improved measurement of EF’s in students’ math learning
is needed to answer such questions equitably. Further, if research is conducted with the goal of
informing teaching and learning, the EF assessments should focus on students’ strengths and
provide data that is useful and understandable to educators and students. In this paper, we
explore how interdisciplinary teams of educators, developers, and researchers have assessed EFs
in the mathematics context. We present strategies for assessing EFs more equitably and discuss
implications for measuring EFs on various partners’ activities within the research and
development and implementation of mathematics curricula.
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Introduction

Executive functions (EFs) are a set of cognitive processes important for directing our
thoughts and actions to what is necessary for achieving our goals. One popular model of EFs
categorizes them as three separable, but overlapping functions known as working memory,
inhibition, and cognitive flexibility (Miyake et al., 2000). Mathematics requires all three of these
cognitive processes: thinking flexibly, holding and updating important information in working
memory (e.g. Raghubar et al., 2010), and inhibiting misconceptions and irrelevant information or
rules (e.g., Cragg et al., 2017). EFs are related to performance on mathematics tasks, and have
been shown to predict mathematics achievement longitudinally (Cragg & Gilmore, 2014; Ribner,
2020). Teachers have also noticed that EFs are important for math learning based on their
observations in the classroom (Gilmore & Cragg, 2014). However, there are few educationally-
relevant causal studies of these relationships (Clements et al., 2016). We need better theory and
measurement of executive functions in mathematics to understand why these relationships exist
and whether executive functions should be intentionally targeted through math interventions
(Medrano & Prather, 2023; Scerif et al., 2023; Wilkey, 2023; Younger et al., 2023).

EFs measured during a numerical task are more strongly related to math achievement than
EFs measured during tasks that do not explicitly include math-related information (Gilmore et
al., 2015; Wilkey & Price, 2019). This suggests that the mathematical learning context should be
considered when investigating relationships between EFs and mathematics (Gilmore, 2023;
Medrano & Prather, 2023; Niebaum & Munakata, 2023). Moreover, a more strengths-based
approach to measuring executive functions is needed that reflects the diverse environments in
which children are learning (Miller-Cotto et al., 2022). However, there is a large disconnect
between research in math education and research in math cognition (Berch, 2016; Bruce et al.,
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2017). Math education researchers have long argued cognitive researchers should better consider
the educational context in which math learning occurs (de Freitas & Sinclair, 2015; Verschaftel,
Lehtinen, Van Dooren, 2016). Researchers in cognitive science and education often use different
terminology to refer to similar constructs, which contributes to the divide across fields, and the
gap between research and practice (Berch, 2016). For example, one study found that only 20% of
teachers were familiar with the term executive functions (Cragg & Gilmore, 2014). EFs are
typically assessed by having children complete cognitive behavioral tasks that measure accuracy
and response time, or by having parents or teachers complete a rating scale of a child’s everyday
functioning, and these different measurement formats are not equivalent or interchangeable
(Toplak et al., 2013). There is a building consensus that EF assessments need to account for
individual differences and contexts; however, there is a dearth of practical solutions at this time.
It therefore remains unclear exactly how or why teachers should assess and support executive
functions in the mathematics classroom.

Context and Purpose of this Research

The EF + Math Program was developed to explore the core hypothesis that math intervention
approaches which contain support for developing EFs can lead to improved mathematics
achievement. EF + Math enlisted a portfolio approach, which entails multiple project teams
designing and studying interventions which test this core hypothesis, along with other project
teams focused on developing effective and equitable assessments and technologies to support
measurement of EFs in mathematics. Each project team is interdisciplinary, with educators,
researchers, and developers coming together to mitigate challenges that can arise in bridging
research to practice (Uncapher, 2018).

The project teams established their approaches to answering the core hypothesis of the EF +
Math Program through collaborative discussions, which allowed for the designed interventions
and assessments, and their theories of action to be situated not only within the research base, but
within the needs of real classroom contexts, educators, and diverse student populations.
However, this inclusive approach to research and development raises tensions about the
relationships between researchers’ assessment of cognitive constructs and the ways that data
informs educator practice and student learning (Uncapher, et al., 2022). We elevate one of those
tensions in relation to our focus on executive functions in the mathematics contexts: to what
extent is the assessment of EF in the mathematics contexts useful, and for which partners? Each
project team encountered this tension in their work, and addressed it through different
approaches, based on their conceptualizations of EFs in mathematics contexts and the ways that
EF supports were incorporated into their interventions. In this paper, we ask, “how have project
teams navigated the needs of researchers, developers, educators, and students in assessing EFs in
math contexts? How can EFs be assessed in ways that inform both educational practice and
mechanistic cognitive research questions?”

Conceptual Framework: Inclusive Research And Development

We examine this research question through the lens of inclusive research & development
(iIR&D; EF + Math, 2023). The IR&D model is part of the larger movement toward educational
participatory research methodologies and partnerships (Amiel & Reeves, 2008; Vaugh & Jaquez,
2020). In these methodologies and partnership models, researchers, developers, and educators
are positioned as collaborative partners and actively work to deconstruct hierarchies of power.
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However, even in iR&D-driven projects, tensions can arise regarding the role and purpose of
conducting research on interventions, especially given the relations different team members may
have to the data. For example, researchers collect and analyze data to provide findings to
developers and educators, as well as answering more generalizable research questions.
Developers use data to inform future development of the interventions, including improving data
collection mechanisms or structures to share data findings and implications with teachers and
students within the intervention itself. Finally, teachers collect and use data to inform the
supports they provide students, future adaptations of curricular materials, and other implications
for practice; teachers also provide valuable context and interpretations of data to support
researchers and developers in their work. Equity not only means that these different purposes and
goals for engaging in research can cause project teams to take a particular approach to their
assessment strategies, such as this paper’s focus on EFs in math. Equitable approaches to
assessment center the lived realities, needs, and assets of students, particularly students of color.

Data and Methods

The research questions and related findings presented in this paper are part of a set of larger,
ongoing research studies. Each project team has conducted several cycles of inclusive R&D.
Across these cycles, project teams created and updated study design documents, research plans,
and measurement plans. For this analysis, our data sources included these documents, as well as
notes taken during conversations about measurement and data collection with project teams
throughout the inclusive R&D cycles. We have conducted initial analyses of the project team
documents and conversation notes; as the teams’ are actively engaged in inclusive R&D cycles,
future analyses will include additional data sources and updated themes. To answer our research
questions, we first identified sections of text that referred to the measurement or assessment of
EFs. Within these sections, we coded for the “how” a project team assessed EFs and the “why”
for their decisions. We looked for shifts across time for each project team to identify key
moments for analysis. Finally, we looked to see how the methods for assessing or the
justification for those methods were in response to researcher, teacher, or developer needs and
uses of data. The themes presented in this paper represent two types of equitable EF assessments
developed and refined through inclusive R&D.

Results: Equitable Approaches to Assessing EFs in Mathematics Contexts
Defining EFs within Mathematical Activity

Assessments do not always provide discipline-specific approaches to measuring EFs; given
research on the role of context (Medrano & Prather, 2023; Niebaum & Munakata, 2023), it is
essential for researchers to continue developing assessments that capture EFs in mathematics.
Measuring EFs in the mathematics context can be approached by capturing in-the-moment data
on student activity while actively doing mathematics. The Project teams worked to develop new
assessments involving technological features and varied data sources to define EFs in the
mathematical context more equitably and in ways that honor students’ epistemic diversity.

One project team’s intervention focused on the role of EFs in middle school students’
collaborative problem solving practices (Kuchynka, et al., 2023). They developed a qualitative
coding scheme that identifies what EFs look like in student talk or student actions during
problem solving (Renninger, et al., 2023). This assessment strategy leverages qualitative data

1534



sources, such as transcripts or observations. Researchers are still able to conduct analyses on the
relationships between EFs and math learning; such a coding scheme is also supportive of teacher
use to develop an understanding of what EFs look like, noticing of when students are engaging
their EFs, and cultivating awareness of how teaching practices or curricular materials can create
opportunities for students to engage their EFs within a task.

Another team conceptualized EFs within the context of rational number learning, with an
embodied cognition approach driving their intervention design and implementation. Their team
developed a rational number knowledge assessment that requires students to engage their EFs to
shift across strategies, filter information, and manipulate quantities flexibly. Administering this
assessment allowed teachers to focus on assessing mathematical task performance and gathering
rational number knowledge evidence, while still providing researchers with relevant and useful
data on EFs.

Measuring EF Fluctuations and Communicating Findings Effectively

Traditional measures of EFs often provide static snapshots of student performance on EF
tasks. In reality, students’ engagement of EFs on a given day or within a task is dependent on a
variety of factors, including social and cultural contexts, affective factors, and personal
differences. Equitable assessments of EFs should be more flexible and dynamic to mirror this
reality and disrupt static labeling practices common in schooling. Approaches to measuring
student EFs can include more regular assessments, but also involve the communication of
assessment data back to students and teachers to inform adaptations of teachers’ practice, as well
as supports for developing student agency.

One team has focused on the development and iteration of a machine-learning assessment
tool that collects “in the moment” data on students’ engagement of EFs and other metacognitive
processes (Zhang, et al., 2022). This tool provides an asset-based approach to understanding the
variability in students’ EFs within problem solving tasks; the assessment aims to promote more
accurate understandings of what students are able to do. This team’s technology takes in large
amounts of qualitative data and presents summaries of data trends to educators through a
dashboard view. The teachers are able to view key information about students and classes, as
well as implications for their pedagogy, use of particular materials, or scaffolds that may be high
leverage supports for students based on their EFs needs that day.

Another project team is developing an app that can quickly and easily assess daily
fluctuations in students’ EFs (Ghil, et al., 2022). They are developing an adaptive technology that
can optimize the EF assessment items students should complete each day; this capacity will
allow researchers to model EF trends using minimal data and limiting teacher burden (Katsumba,
et al., 2023). Additionally, this team has worked to develop a dashboard that displays these
fluctuations to students and educators in positive, asset-based ways. The dashboard, which was
co-designed with students themselves, presents data in understandable amounts, and includes
recommendations for students to enact agency over their learning based on their data for the day.

Implications and Conclusions
The project teams have continued to iterate upon their approaches to assessing EFs as part of
inclusive research and development processes. As the approaches are implemented in additional
educational environments, new information is collected regarding their effectiveness and
applicability. Further, researcher, educator, and developer goals for understanding EFs in math
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contexts will continue to evolve as part of the broader fields of math education and math
cognition. The EF + MathProgram and its project teams will continue to explore the question, “to
what extent is the assessment of EF in the mathematics context useful, and for whom?”’

In collaborative partnerships, each party may require or prioritize different data sources or
varied granularity to be able to achieve their own goals. Navigating these tensions and creating
strategies for assessment in inclusive R&D cycles is non-trivial activities. By documenting the
strategies developed by EF + Math’s project teams, we hope to encourage continued
conversation and exploration of the role of assessment and measurement in iR&D activities. We
envision a future for mathematics education where multiple partners are able to effectively
collaborate to design and test solutions that address the challenges educators face in their
mathematics classrooms in order to support all students in achieving their full potential as
brilliant mathematicians.
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