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Abstract

Quantitative measures in mathematics education have informed policies and

practices for over a century. Thus, it is critical that such measures in mathe-

matics education have sufficient validity evidence to improve mathematics

experiences for students. This article provides a systematic review of the valid-

ity evidence related to measures used in elementary mathematics education.

The review includes measures that focus on elementary students as the unit of

analyses and attends to validity as defined by current conceptions of measure-

ment. Findings suggest that one in ten measures in mathematics education

include rigorous evidence to support intended uses. Recommendations are

made to support mathematics education researchers to continue to take steps

to improve validity evidence in the design and use of quantitative measures.
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Quantitative mathematics measures such as student
achievement assessments and surveys have informed
large-scale mathematics education policies and practices
for well over a century. These data from a wide range of
sources including the National Assessment of Educa-
tional Progress, SAT and College Board, and military
tests of recruits informed the National Commission on
Excellence in Education's (1983) report, A Nation At Risk.
On the basis of this data, the report concluded that
“declines in educational performance are in large part
the result of disturbing inadequacies in the way educa-
tional processes itself is often conducted” (p. 17). Data
from survey responses gathered from professionals (such

as teachers and principals) were used to make broad rec-
ommendations for the field of mathematics education
that included organizing the curriculum around problem
solving and shifting priorities to focus on programs and
classroom activities beyond computational facility
(National Council of Teachers of Mathematics, 1980).
Similarly, data from quantitative measures have been
used to gather evidence and make recommendations on
“what works” in terms of education programs, practices
and policies (What Works Clearinghouse, 2022). Numer-
ous other examples of how quantitative measures in
mathematics education are used to inform policies and
practices exist. In cases like the National Council of
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Teachers of Mathematics' (1980) An Agenda for Action,
use of such measures influenced the development of stan-
dards that led to significant improvement in children's
mathematical learning (NCTM, 2014). Yet, in other cases,
the consequences may be dire such as the potential for
certain measures barring underrepresented groups to
higher education due to shortcomings in the tests them-
selves (Newman et al., 2022). It is clear that quantitative
measures in mathematics education have significant
potential to transform the educational landscape.

Given the importance of these measures, over the past
two decades, many in the mathematics education com-
munity have called for more rigorous validity evidence
(Carney et al., 2019, 2022; Hill & Shih, 2009; Lavery
et al., 2020). Such measures require the “necessary infor-
mation to evaluate the overall validity of a study's conclu-
sions” (Flake & Fried, 2020, p. 457). Historically,
examination of evidence to support the validity of mea-
sures has been scant (Bostic, 2023). Given that the valid-
ity of measures used in mathematics education are linked
to significant implications in educational policy, practice,
equity, and the general well-being of students, a measure
that has insufficient validity evidence calls into question
a research study or policy document incorporating such a
measure. Stated more plainly, if our field is based on data
that lacks validity evidence, our very understanding of
mathematics education may rest on flawed findings.
Given the importance of quantitative measures in mathe-
matics education, the purpose of the present study is to
evaluate the prevalence and sources of validity evidence
in mathematics education measures of elementary
students.

1 | LITERATURE REVIEW

Validity is fundamental to educational research. The
Standards for Education and Psychological Measurement
(AERA, 2014) define validity as, “the degree to which evi-
dence and theory support the interpretations of test
scores for proposed use of tests” (p. 11). Despite aware-
ness of this definition of validity, researchers have argued
that greater consensus around this definition is needed
(Folger et al., 2023; Lederman, 2023; Shepard, 2016).
While there is agreement that a test or instrument or
measure (we use these terms interchangeably in this arti-
cle) in and of itself is not valid or invalid
(Cronbach, 1988) and that it is more appropriate to exam-
ine the validity evidence of inferences made regarding a
measure (Haertel, 2013; Kane, 2013) there is less consen-
sus around what validity should include and what it
should apply to (Newton & Shaw, 2016). Some
researchers focus on the intended use of a measure (see

for example Cizek, 2012) while others argue for a
practical approach that includes both the intended and
unintended consequences that occur when the measure
is actually used (see for example Messick, 1995).

Even without consensus on how validity should be
operationalized, there is agreement that there should
be significant concerns when making inferences with
limited or no validity evidence. In other words, intended
or not, there are serious implications for research and
practice when validity issues are not taken up at all
(Pepper, 2020). For example, one may wish to infer that
scores from an instrument are indicative of an individ-
ual's mathematical knowledge. Yet, there may be little to
no evidence of how an individual child mathematically
reasoned when engaged with the instrument. Without
such evidence, higher scores might not actually equate to
greater mathematical knowledge. To support more rigor-
ous research in mathematics education, this article con-
tributes to the conversation from Bostic's recent editorial
(2023) in School Science and Mathematics and other
research on quantitative measures in mathematics educa-
tion (Battista et al., 2009; Hill & Shih, 2009; Sztajn, 2011)
by reviewing validity evidence related to quantitative
measures of elementary students used in mathematics
education research.

In a historical analysis across 50 years of articles in
the Journal for Research in Mathematics Education, only
7% of the manuscripts mentioned validity evidence
among almost 100 articles (Bostic et al., 2019). Recent
efforts in mathematics education have emphasized the
critical importance of adhering to criteria, such as the
Standards for Education and Psychological Measurement
(hereafter, the Standards), to address validity issues in
mathematics education research (Carney et al., 2019,
2022; Lavery et al., 2020). For example, one recommenda-
tion is for mathematics education scholars to articulate a
clear purpose statement when developing or using an
instrument in which the interpretation and use of scores
are explicit (Bostic et al., 2019; Krupa, Bostic, &
Shih, 2019; Lavery et al., 2020). Another recommendation
is the proposed creation of instrument abstracts to assist
users in selecting and using appropriate instruments
(Carney et al., 2022). Such recommendations are not triv-
ial as insufficient validity evidence for measures used
leads to a “lack of necessary information to evaluate the
overall validity of a study's conclusions” (Flake &
Fried, 2020, p. 457). Rather, research in mathematics
education that employs measures lacking in validity may
be interpreted as invalid themselves.

When considering measures related to students in
mathematics, there is a history of bias in testing that is
relevant to current practices (Randall et al., 2022). Thus,
it is critical that such measures accurately and fairly
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assess students' knowledge and perspectives. For exam-
ple, discussing mathematics assessment of children with
mathematical learning disabilities, Lewis and Fisher
(2016) suggested many measures do not distinguish
between cognitive and non-cognitive factors that can
affect how children respond to questions. Similarly,
Walkington et al. (2018) examined data from student per-
formance on the National Assessment of Educational
Progress and Trends in International Mathematics and
Science Study achievement measures and found that stu-
dents' mathematics performance was influenced by the
variables not related to the construct of mathematics
achievement, such as the readability characteristics of the
word problems. While there are efforts to consider
the evidence related to response processes (see for exam-
ple, Karabenick et al., 2007; Kosko, 2019;
Leighton, 2017), the question remains regarding how
common such efforts are in evaluating validity evidence
for measures of students in mathematics classrooms, and
how much of this evidence is assumed by the researcher.

1.1 | Current approaches to validity
arguments

An argument-based approach to validity includes evi-
dence of the inferences made regarding a measure
(Cronbach, 1988; Kane, 1992, 2006; Shepard, 1993). Kane
(2013) describes the “core idea” of this approach requir-
ing one to “state the proposed interpretation and use
explicitly and in some detail, and then to evaluate the
plausibility of these proposals” (p. 1). This argument-
based approach builds on Toulmin's model (1958) for
how arguments are made (1958). This model includes six
components: “claim,” “data,” “warrant,” “qualifier,”
“rebuttal,” and “backing.” The “claim” is the conclusion
whose merits we are seeking to establish. “Data” are the
facts we appeal to as foundation for the claim. “War-
rants” are the propositions that act as a bridge between
the data and the claim. “Qualifiers” are the degree of
force which our data confer on our claim in virtue of our
warrant. “Rebuttal” occurs when there is acknowledge-
ment of another valid view of the situation and there is a
need to expand on these potential limitations and “back-
ing” occurs when there is additional support of the war-
rant. These six components of Toulmin's model have
been used to make and evaluate arguments across differ-
ent disciplines and scenarios. This model has been
applied to a range of scenarios in mathematics education
including evaluating launching a problem (Gonz�alez &
Eli, 2017), debriefing a lesson study (Groth &
Follmer, 2021), teaching word problems (Chazan

et al., 2012), and reflecting on practice (Metaxas
et al., 2016; Wagner et al., 2014).

Toulmin's model has also been used to evaluate argu-
ments made about claims made about the use of mea-
sures to make particular inferences. For example, if the
“claim” is that the measure supports inferences about ele-
mentary students' understanding of how to represent and
solve problems involving addition and subtraction, the
“qualifier” is that students probably understand how to
represent and solve problems involving addition and sub-
traction (but we are never 100% confident that we can
make this inference). “Data” would include students solv-
ing particular items on the measure. The “warrant” is
that if students successfully solve these particular items,
we can conclude that they have an understanding of how
to represent and solve problems involving addition and
subtraction. The “rebuttal” is that occasionally students
may have the correct answer on the items even when
they do not have an understanding of how to solve addi-
tion and subtraction problems. For example, students
might guess the correct answer by chance or have copied
the answer from another student. “Backing” for such
“rebuttals” could include having experts evaluating items
in terms of how well it measures an understanding of
addition and subtraction, conducting cognitive interviews
with students to examine whether they are using addition
and subtraction to solve these items, and examining rela-
tionships between performance on the items with other
“data” such as student performance on assignments
related to addition and subtraction, teacher assigned
grades related to addition and subtraction problems.
Thus, this particular model of developing and evaluating
arguments is useful to frame validity arguments related
to quantitative measures in elementary education.

In mathematics education, there are several examples
of this argument-based approach. For example, Bostic and
colleagues (Bostic & Sondergeld, 2015); Bostic et al. (2017)
developed a measure of problem solving that was intended
to make inferences about sixth graders' problem solving
abilities. Using different data sources and methods such as
a panel of content experts, student cognitive interviews,
Rasch modeling and relationships with other variables,
Bostic and colleagues gathered evidence to make the claim
that the items on the measure engage students in the
mathematical behaviors and habits described in the stan-
dard for mathematical practice (National Governors Asso-
ciation and Council of Chief State School Officers, 2010).
Such claims support the use of scores to gather data on
students' problem solving abilities. Bostic and colleagues
cautioned that the measure should not be used to make
inferences about general mathematics achievement or
general problem solving abilities.
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Similarly, Kosko and Singh (2018, 2019); Kosko
(2020) used an argument-based approach to develop a
measure of multiplicative reasoning assessment (MRA)
in the context of whole numbers for elementary grades.
The measure is intended to be used to diagnose students'
multiplicative reasoning. Across several publications,
Kosko and colleagues described different analyses such
as cognitive interviews and Rasch modeling that sup-
ported claims such as the MRA can distinguish between
groups of students (high, medium, low multiplicative rea-
soning). For example, one claim regarding the validity of
the MRA is that the scores are indicative of different mul-
tiplicative concepts (Figure 1). Notably, three different
studies provided often overlapping evidence, with differ-
ent forms of methodological backing (i.e., psychometric
statistics and qualitatively examined interviews). Thus,
multiple studies can provide various forms of new or con-
firmatory evidence to support one of several claims for
the validity of a measure. Although there are other exam-
ples of such an argument-based approach in mathematics
education, recent research suggests that this practice may
not be widespread (see for example Bostic et al., 2019;
Krupa, Bostic, & Shih, 2019; Lavery et al., 2020) which is
concerning given the importance of quantitative
measures.

2 | CONTEXT OF THE
PRESENT STUDY

It is essential that these arguments are established
because results from the use of quantitative measures of

students in mathematics education are used to inform
large-scale policy and practices. For example, the What
Works Clearinghouse (2022) reviews research that has
used quantitative measures in mathematics and deter-
mines which of these findings meet rigorous standards
and are “trustworthy” and “meaningful.” The Clearing-
house aims to answer the question of “what works in
education?” to support users as they identify programs,
policies and practices that improve student outcomes.
Similarly, the NCTM creates widely read publications
such as the Principles to Action: Ensuring Mathematical
Success for All (NCTM, 2014) that provide guidance to
teachers, specialists, coaches, administrators, policy-
makers and parents. Such publications that shape the
field of mathematics education rely on research that has
used quantitative measures in mathematics. Funding
decisions from federal agencies and foundations and the
peer-reviewed publication process also rely on results
from quantitative measures in mathematics education.
The importance of attending to validity issues related to
these measures cannot be overstated given the wide
reaching impact.

To elevate the design and implementation of instru-
ments in mathematics education research, it is important
to learn more about existing measures and the evidence
of validity that are reported. The Validity Evidence for
Measurement in Mathematics Education (V-M2Ed) Pro-
ject aims to create a repository of instruments for mathe-
matics education contexts and their validity evidence. To
achieve such a monumental task, sub-teams of
researchers focused on a particular population (elemen-
tary; secondary; undergraduate/graduate; teacher

FIGURE 1 Validity argument for one claim for the multiplicative reasoning assessment (MRA).
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education) or content area (e.g., statistics) within mathe-
matics education. Decisions about sub-team membership
and the grade bands associated with these sub-teams
were made by V-M2Ed leadership. All sub-team members
participated in a conference where we worked toward a
shared understanding of the two goals of the V-M2Ed
Project: (1) to describe, organize, identify, and compile
quantitative instruments used in mathematics education
contexts and their associated validity evidence; and (2) to
develop a framework and conduct syntheses, with the
intent to create a publicly available repository of quanti-
tative instruments in mathematics education and their
associated validity evidence. Following the conference,
sub-teams worked together to achieve these goals. In this
article, we report on a systematic search of validity evi-
dence that was collected and analyzed from the sub-team
focused on measures for K-6 (elementary) students in
mathematics contexts. Our research questions are:

1. What percentage of quantitative instruments focused
on elementary students as the unit of analyses that
were published in mathematics education research
journals include validity arguments?

2. What sources of validity evidence are provided for
these instruments?

To address these research questions, our goal is to
stimulate conversation about validity evidence in this
and other areas of mathematics education, and to encour-
age others in mathematics education research to attend
to measurement issues.

3 | A SYSTEMATIC SEARCH FOR
VALIDITY EVIDENCE

We conducted a systematic search to identify measures
used in elementary mathematics education. This involved
a review of 1582 articles, with a final sample of 192 mea-
sures used in or across research journals specific to math-
ematics education research, or common for elementary
mathematics education research. Following the identifi-
cation of the measures, we next identified validity evi-
dence and arguments related to the measures. This
process is described in depth in the sections that follow.

3.1 | Identifying measures

The first task was to identify elementary (K-6) mathemat-
ics measures. We started with an initial set of
mathematics education journals that all members of the
V-M2Ed Project agreed upon (Williams &

Leatham, 2017). We then identified additional outlets
that were specific to elementary education, such as Ele-
mentary School Journal, that might include additional
instruments focused on elementary mathematics educa-
tion. In this first task, we excluded journals that were not
were not written in English (Table 1). We also excluded
outlets such as proceedings, theses, dissertations, books,
and book chapters. Outlets that were not specifically
focused on elementary education or mathematics educa-
tion, such as the Journal of Educational Psychology were
also excluded. This purposeful decision to focus only on
these journals highlights that we were specifically inter-
ested in the use of measures in elementary mathematics
education research. Our rationale was that if there was
an instrument used in a journal not specifically focused
on elementary mathematics education (such as the Jour-
nal of Educational Psychology), it would likely have been
used in an elementary mathematics education research
journal (so we would have identified that instrument

TABLE 1 Outlets included in search.

Outlets included in search

Canadian Journal of Science, Mathematics, and Technology
Education

Educational Studies in Mathematics

Elementary School Journal

For the Learning of Mathematics

International Journal for Technology in Mathematics Education

International Journal of Mathematical Education in Science and
Technology

International Journal of Science and Mathematics Education

Investigations in Mathematics Learning

Journal for Research in Mathematics Education

Journal of Computers in Mathematics and Science Teaching

Journal of Mathematical Behavior

Journal of Mathematics Teacher Education

Mathematics Teacher Education and Development

Mathematics Teacher Educator

Mathematical Thinking and Learning

Mathematics Education Research Journal

PRIMUS

Research in Mathematics Education

School Science and Mathematics

Teaching Mathematics and its Applications

Technology, Knowledge and Learning

The Mathematics Educator

The Mathematics Enthusiast

ZDM
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through our initial search criteria). Instruments that were
only used once (such as a measure specifically created for
a dissertation) were not likely to include extensive valid-
ity evidence and were not likely designed for use by a
wider audience. If the measure was used in a dissertation
but modified for a wider audience and subsequently used
by a broader audience, we would have identified this
instrument in our initial search criteria.

Once we identified which journals to search, we then
engaged in a process to select search terms to use to iden-
tify articles within these journals. This took multiple iter-
ations over several months. Some initial search term
language (e.g., “early childhood” AND “instrument”)
returned results that included articles without quantita-
tive instruments focused on elementary students
(e.g., interview protocols for teachers or classroom obser-
vation tools). Throughout this process, we were con-
cerned about the replicability and consistency of this
process, so the authors tested out a particular set of
search terms and reviewed search returns to determine
whether the search terms were capturing quantitative
measures in elementary mathematics. The sub-team con-
tinually discussed any discrepancies in the process. Thus,
refinement was necessary and it took a significant
amount of attention to detail before a final list of search
terms was identified: validity AND sample AND (“chil-
dren” OR “students”) AND (“test” OR “assessment” OR
“survey” OR “questionnaire” OR “instrument” OR “mea-
sure” OR “scale” OR “protocol” OR “rubric”) source:
“Journal for Research in Mathematics Education.”

We searched for instruments used within the date
range of 2000–2020. This 20-year range was selected
because it included the most recent shift in the Standards
to focus on interpretation and use statements. The previ-
ous version of the Standards (1999) also focused on valid-
ity in terms of proposed interpretations and uses so we
also included years prior to 2014 in our search. This ini-
tial search yielded a preliminary list of 1583 articles that
included at least one elementary instrument/test in peer-
reviewed journal articles and conference proceedings.
Over a period of several months, our sub-team individu-
ally examined each article to determine whether the
source included a measure focused specifically on ele-
mentary students. If the instrument included a focus on
elementary students, it was flagged for more detailed
analysis of validity evidence. Some articles included
instruments focused on teachers (such as teacher peda-
gogical content knowledge) or classrooms (such as class-
room observation tools), rather than individual students,
and were therefore excluded. For these instruments, the
unit of analyses was either teachers or classrooms and
not students. This reduced the articles needing further
examination to 392. After ongoing discussion where all
members of the sub-team coded 20 measures together to

come to consensus, the sub-team then individually dou-
ble coded 10% of the measures to check the consistency
of identifying measures through this process. The inter-
rater reliability for this initial search process was esti-
mated using Krippendorff's alpha (Krippendorff, 2009)
and was found to be high (α = 0.95).

Similar to other participants in the V-M2Ed Project,
we noted that there were three major categories of instru-
ments based on intended use: broad usage, multi-uses,
and single use. Broad-usage instruments were intended
for wide use in the field (i.e., the Woodcock-Johnson
mathematics assessment; Schrank & Wendling, 2018).
Multi-uses instruments were intended for use in future
studies by the same researchers who developed the mea-
sure or other researchers who were specifically interested
in that particular construct, such as the MRA
(Kosko, 2019; Kosko & Singh, 2019) or Grade 6 Problem
Solving Measure (Bostic et al., 2017; Bostic &
Sondergeld, 2015). Single-use instruments were typically
designed by researchers and only intended for use in a
single study. Given the different intended uses of instru-
ments, the validity evidence varied. For example,
although there was little expectation for single-use instru-
ments to include use statements, and offer evidence, it is
important for these instruments to include strong validity
evidence given their intent to support theory building. In
contrast, multiple-uses or broad-usage instruments were
expected to include greater validity interpretation, use
statements, and evidence.

After the instruments were identified, the sub-team
classified instruments by intended use. Almost all (90%)
of the broad usage instruments were math achievement-
related measures (typically broad definitions of achieve-
ment) with 10% being focused on affective factors such as
motivation or math anxiety. Multi-uses measures
included a higher proportion (29%) that focused on par-
ticular concepts such as fractions, probability, and multi-
plicative reasoning. There was also a greater prevalence
of measures focusing on affective factors such as motiva-
tion, math anxiety, and peer relatedness (24%). However,
a significant portion of multi-uses measures (47%)
focused on broader, more generic indicators of mathe-
matics achievement and problem solving. Single-use
measures illustrated a similar distribution of focus as
multi-use measures: 25% of such measures focused on
affective factors and the remaining focused on mathemat-
ics concepts and achievement.

3.2 | Categorizing validity evidence

After the instruments were identified, the next step used
berrypicking (Bates, 1989) to identify validity evidence
and arguments from any article in which the instrument

6 ING ET AL.
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was used. The sub-team first started with the original
article in which the instrument was cited and identified
the sources of validity evidence and arguments used in
that particular article. The sub-team then searched for
other validity evidence related to that instrument from
other sources. This search was done by reviewing cita-
tions in the article, searching by author or subject in elec-
tronic databases. Validity evidence and arguments
related to the instruments from these additional articles
were then identified and linked with the original instru-
ment used. This process allowed us to search for validity
evidence across multiple articles and not rely on the ini-
tial article where we identified the instrument. The list of
instruments was divided and individually coded by the
sub-team. A random sample of 10% of each of the instru-
ments from each author was coded by a second author.
Discrepancies were noted and resolved.

3.2.1 | Categorization framework

The validity framework and procedure for categorizing
instruments was developed by the V-M2Ed Project leader-
ship team (Bostic et al., 2022; Krupa, Carney, &
Bostic, 2019) and shared with conference participants for
feedback. After engaging in in-person discussion of the
framework, virtual workshops, and whole-group practice
applying the framework, each sub-team worked together
to apply the framework to their particular instruments
(Figure 2). Our sub-team practiced by reading the same
articles for an instrument and individually noting
whether we could identify an explicit interpretation or
use statement and what validity evidence was available
across the different articles. Each member of our sub-
team independently searched for additional articles and
noted references in the articles that might be useful.
Once we felt confident to proceed independently, we
individually coded the 392 instruments. Approximately
10% of these instruments were double-coded. Discrepan-
cies of the double-coding were flagged and discussed with
the whole sub-team. After reaching consensus, the final
coding was then recorded in a Google sheet created by
the V-M2Ed Project leadership team and checked by two
sub-team members.

Interpretation statements
The Standards refer to validity as “the degree to which
evidence and theory support the interpretations of test
scores for proposed uses of tests.” (AERA, APA, &
NCME, 2014, p. 11). The interpretations of scores for pro-
posed uses are what researchers must evaluate (rather
than the test itself). If there is more than one interpreta-
tion intended for test scores, each interpretation needs to
be evaluated. For example, if one wants to interpret test
scores as indicators of teacher effectiveness and student
mathematics achievement, each interpretation needs to
be evaluated. The interpretation statement includes spec-
ification of the construct that the instrument intended to
measure. For each instrument, we searched for an
explicit statement about how the data from the instru-
ment should be interpreted. If there was an explicit (not
implied) interpretation statement, we indicated “yes” and
provided a statement from the text. If there was no
explicit interpretation statement, then we indicated “no.”

FIGURE 2 Overview of

categorizing framework for each

instrument.

TABLE 2 Sources of evidence.

Source Examples

Test content Alignment with framework or
construct

Data from experts
Literature review

Response process Cognitive interview
Focus groups
Written work

Internal structure Factor analysis
Rasch modeling
Item response theory

Relations to other
variables

Alignment with experts
Correlation analysis
Triangulation with qualitative data

Consequences of
testing

Appropriate cut score
Documentation of unintended
behavior changes

Differential item functioning

Reliability Generalizability theory
Inter-rater reliability
Internal consistency or alternatives

Note: Additional information about the sources of evidence provided upon
request.
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Use statements
Similar to interpretation statements, use statements are
essential to validity (AERA, APA, & NCME, 2014, p. 11).
These statements provide an indication of what the
instrument could be used for. Evidence related to the use
of the instrument for that particular purpose is then eval-
uated. For example, the instrument could be used to pro-
vide incentives to teachers or used to decide whether
students should qualify for a particular intervention. The
use statement includes specification of how the instru-
ment is intended to be used. For each instrument, we
searched for an explicit statement about how the data
from the instrument should be used. If there was an
explicit (not implied) use statement, then we indicated
“yes” and provided a statement from the text. If there
was no explicit use statement, then we indicated “no.”

Sources of evidence
The sources of evidence (Table 2) were coded for all the
instruments, regardless of whether the instrument
included any interpretation or use statement. Many
instruments had sources of evidence but were not con-
nected to a particular claim about how the instrument
should be used or what interpretations were supported.
Many instruments also had multiple evidence for a par-
ticular source of evidence. While our coding scheme
allowed for capturing multiple evidence for a particular
source of evidence (such as if a measure had conse-
quences of testing evidence that included data from
experts, differential item functioning, and impacts on
clinical/practical implementation), we were primarily
concerned with the source of evidence rather than the
particular type of evidence within each source. Our
search process allowed for gathering information for mul-
tiple claims and sources of evidence across several stud-
ies. For example, the MRA included evidence for
response processes via cognitive interviews in one article
(Kosko, 2019), evidence for the association with other
variables in another (Kosko & Singh, 2019), and evidence
for test content and internal structure in numerous stud-
ies. Our coding scheme allowed us to capture these differ-
ent sources of evidence even though these were found in
different articles. In these scenarios, we found that the
same authors were primarily responsible for collecting
validity evidence and did this across multiple studies.

Throughout this search process, we did not focus on
the quality of the evidence provided. We did not evaluate
whether the analysis conducted was appropriate or
accurate. For example, if the authors indicated that they
carried out a factor analysis, then we did not scrutinize
whether the type of factor analysis they conducted was
appropriate or whether it was accurately conducted or
reported. Instead, we identified evidence that the authors

used factor analysis and made claims about the structure
of the items on the measure in relation to a construct.

4 | RESULTS

A total of 192 distinct measures of elementary students
were observed across the sample of 1582 journal articles.
As noted previously, several of these measures were
observed across multiple articles (21% were broad usage
and 28% were multi-study uses), but approximately half
(51%) were used in a single study. Despite being the most
prevalent form of measure used across the reviewed
research, these single-study measures seldom included
validity evidence, with the exception of including some
indicator of reliability (Table 3). Although 65% included
evidence regarding the internal reliability of their mea-
sure, approximately a third did not. Rather, single-study
measures often included isolated indicators of the techni-
cal qualities of their measure, when including validity
evidence at all.

Differences in the prevalence of interpretation and
use statements across instrument types was notable
(Table 3). Although there was validity evidence for 49%
of instruments across multiple articles, such that an
interpretation and use statement observed in one of
many articles for an instrument would be counted toward
the instrument as a whole; across all instruments, only
14% included an interpretation statement in at least one
article reviewed and 16% included a use statement in at
least one article reviewed. These statistics varied by
instrument type, which we examined by calculating the
Kruskal-Wallis analysis of variance with Dunn's post hoc.
We found a statistically significant difference in preva-
lence of interpretation statements (H(df = 2) = 25.38,
p < 0.001), with single-study use having statistically
fewer incorporations than broad (p < 0.001) or multi-
study use (p < 0.001) measures. Similar results were
observed regarding prevalence of use statements (H
(df = 2) = 29.74, p < 0.001), with single-study measures
having statistically fewer incorporations than broad
(p < 0.001) or multi-study use (p < 0.001) measures, and
multi-study measures with fewer incorporations than
broad use measures (p = 0.03). Despite the differences by
instrument type, all observed frequencies are extremely
low. Rather, scholars who use quantitative measures of
students in mathematics education seldom, if ever, pro-
vide an explicit statement for how to interpret the scores
from the instrument they use or the intended use of the
instrument. This is particularly the case for single-study
use instruments, which often intend for such instruments
to be used only once. Such instruments are a necessary
part of scholarship, but the shortage of these basic forms
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of validity may indicate a lack of transparency in the
validity of measures used in mathematics education for
elementary students and, perhaps, generally.

Table 3 illustrates the prevalence of sources of validity
evidence. Overall, 63% of all measures included evidence
toward reliability, with 80% of such instances using Cron-
bach's alpha as such evidence. Notably, nearly 4 out of
10 instruments did not report reliability evidence, despite
our review examining multiple articles for the same mea-
sure. Internal structure (41%), test content (33%) and
relations to other variables (36%) were the next most
common forms of validity evidence, with the latter nota-
bly less prevalent for single-study use measures. Each
forms of validity included multiple forms of evidence. For
example, for instruments including sources of internal
structure, 72% used some form of factor analysis, 20%
used item response theory (IRT) and 22% used Rasch
modeling. Thus, many studies used a combination of
these or other statistical analyses. Instruments including
relations to other variables most often used correlation
analysis (55%) and convergent/divergent association
(45%). Test content was most often evidenced by litera-
ture reviews (41%), data from experts (38%) and align-
ments to theoretical frameworks or standards (36%). Both
response processes (10%) and consequence of testing (6%)
were observed to be rare across the examined measures,
with insufficient evidence to highlight a trend in how
such validity evidence is collected due to the scarcity of
instruments incorporating such forms of validity. More
than one in ten measures (13%) presented no validity evi-
dence whatsoever.

While 13% of instruments presented no validity evi-
dence across multiple manuscripts, 25% present a single
source of evidence and 37% presented two different
sources. These frequencies did not differ by usage type of
instrument (F(df = 2) = 1.50, p = 0.23) and indicated
that only a quarter of instruments published in mathe-
matics education literature have provided more than two

sources of validity evidence (three sources = 15%, four
sources = 6.0%, five sources = 4%). As noted in the prior
paragraph, a single source of validity evidence may be
supported with more than one type of analysis. For exam-
ple, several measures included combinations of factor
analysis and IRT. Such a combination may provide strong
support for internal structure, but may not provide other,
necessary, sources of validity evidence.

5 | DISCUSSION

Following our survey of instruments used in mathematics
education research to study elementary students, results
suggest a severe lack of validity evidence presented for
instruments. These results account for multiple publica-
tions on the same instrument. Yet, even with such con-
siderations and a scoping review of instruments in 1582
articles, more than 1 in 10 included no validity evidence.
Given these results, a relevant question to pose to mathe-
matics education researchers studying elementary stu-
dents is this: how valid are our interpretations of results
if those interpretations were based on instruments lack-
ing validity evidence? As the reader may surmise, this
question is predominantly, but not exclusively, theoreti-
cal in nature. There is plenty of scholarship expressing
the need for improved validity evidence in mathematics
education (Carney et al., 2022), though more such work
will continue to be needed in research focused on ele-
mentary students. It is our hope that the dismal statistics
perturb elementary mathematics educators and press the
need for action.

Our systematic search of validity evidence in elemen-
tary mathematics measures is consistent with recent calls
for improving the “standards for the rigorous validation
of measures' outcomes and careful attention to the uses
of those measures in mathematics education” (Bostic
et al., 2019, p. 1; see also Carney et al., 2022; Lavery

TABLE 3 Arguments and evidence

across measure types.
Broad usage Multi-study uses Single-study use

Arguments

Interpretation statement 32% 23% 2%

Use statement 39% 23% 3%

Evidence

Test content 29% 37% 30%

Response processes 10% 14% 0%

Internal structure 43% 42% 35%

Relations to other variables 42% 40% 17%

Consequence of testing 10% 4% 4%

Reliability 54% 69% 65%
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et al., 2020). There are numerous instruments in elemen-
tary mathematics education that were developed for and
used only once for data collection. These single-use
instruments often lack cohesive validity arguments.
When validity evidence was included, these single-use
instruments tended to include pieces of evidence, such as
Cronbach's alpha or confirmatory factor analysis, with
little or no interpretation of the results. This makes it less
likely that others would use the instrument for their own
purposes. There is also an open question as to whether
the use of these measures support the claims made in
publications. The multi-usage or broad-usage instru-
ments identified tended to include more interpretation
and use statements relative to single-use instruments.
This may be due to the fact that the designers of these
instruments intended for their measures to be used by
other researchers. Despite the potential use by a broader
audience, the percentage of instruments that included
more rigorous evidence was relatively low. Another prob-
lematic trend is that when measures included more
reported statistical analyses, it seldom corresponded with
more sources of validity evidence. For example, one mea-
sure reported Cronbach's alpha, test–retest reliability,
and Kappa statistics, but the combination of such statis-
tics supports only one form of validity (reliability). These
results raise questions for the field about expectations for
validity evidence for instruments with different intended
uses and whether research claims made using these
instruments are supported.

6 | CONCLUSION

Our findings focused on elementary students are consis-
tent with broader research in mathematics education
advocating for increased validity evidence in the design
and use of measures (see for example, Bostic, 2023). The
lack of validity evidence indicate that conclusions based
on the use of these measures need to be examined fur-
ther. This is an urgent concern for our field to address
because it is foundational to research in mathematics
education. Indeed, it is not unlike, or unrelated to, calls
for an increase in replication studies (Cai et al., 2018;
Eastman, 1975) for the simple fact that it has to do with
the methodological rigor of our field. Should mathemat-
ics education researchers continue to shirk responsibility
toward rigorous scholarship on how children engage in
mathematics, we open ourselves up to criticism from
others.

Following Carney et al. (2022), we believe a mini-
mum requirement for quantitative measures used in
mathematics education research should be the inclusion
of an interpretation and use statement. For situations

where the measure is intended for single-use, such a
statement may be simplified but should be explicit about
the study-specific nature of the measure. Such statements
can also establish current validity evidence from prior
study, thus allowing for more cumulative scholarship on
well used measures. They may also serve as justification
for replication studies (Cai et al., 2018), as a single source
of a particular form of validity evidence often requires
confirmation from different samples in the target popula-
tion. Additionally, these statements may provide addi-
tional justification for aspects of an author's study
(i.e., relationship to other variables).

6.1 | Recommendations

Readers may wonder what forms of validity evidence to
focus on most, in what order, and so forth. The most
comprehensive answer is yes. However, it is also the least
helpful. Rather, we turn to advice provided by Kane
(1992) who suggested focusing on evidence that
addressed the most amount of skepticism regarding
claims one's measure might include. Kane (1992) noted
that a validity claim of a measure “can be questioned
because of existing evidence indicated that it may not be
true, because of plausible alternative interpretations that
deny the assumption, because of specific objections raised
by critics, or simply because of a lack of supporting evi-
dence” (p. 530). For example, Kosko and Singh (2018,
2019); Kosko (2020) focused on addressing questions on
whether the MRA, which assesses multiplicative reason-
ing, could do so without the inclusion of explicit multipli-
cation and division symbols. Addressing such questions
required certain forms of validity evidence (i.e., response
processes & test content) whereas other measures with
different critiques may require more attention on other
forms of evidence. However, in focusing on forms of
validity that answer particular critiques, we caution
researchers from considering validity evidence in terms
of isolated methods that are not connected to a particular
argument.

Some other recommendations for productive move-
ment toward more modern conceptions of validity are to
encourage collaborations among researchers with varying
areas of expertise. This could include collaborations
between those with measurement and mathematics edu-
cation expertise. Bringing together those who understand
and appreciate the value of validity arguments could be
done in ways that are mutually beneficial, as it is uncom-
mon for mathematics educators to have a strong mea-
surement background and for a psychometrician to have
a background in mathematics education. Funding that
incentivizes these multidisciplinary collaborations and
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the development and use of quantitative instruments is
another way to think about moving the field forward. For
example, perhaps those who receive external funding to
develop or use instruments could be invited to contribute
to the instrument abstract (Carney et al., 2022). Those
who are not developing their own instruments but are
using instruments cataloged in the instrument abstracts
might be invited to provide standardized details such as
how the instrument was used and how validity evidence
was investigated in their sample. Users are then responsi-
ble for contributing to a shared understanding or shared
responsibility in the use of quantitative instruments in
mathematics education. Another recommendation is to
encourage ongoing or long-term efforts to both develop
and use measures rather than only develop measures that
are convenient for a particular study or sample. To help
the field move toward shared understanding and applica-
tion of modern measurement conceptions, it is also
encouraged to consider training and support for users to
both create and add on to these instrument abstracts.

Working to ensure that the instruments have appro-
priate evidence of how they were intended to be used
could be accomplished through instrument abstracts pro-
posed by Carney et al. (2022). Consensus around such
minimum criteria could lead the field to a more consis-
tent understanding of the quality of instruments and the
role that the instruments play in supporting claims, while
also recognizing the need for rigor associated with creat-
ing and using other types of measures. In addition, work
is needed to generate awareness in the field around valid-
ity evidence to create a shared understanding around
validity. For example, this V-M2Ed Project provided
opportunities for mathematics educators to engage in this
work together through workshops and collaborative part-
nerships. A similar type of effort to engage members of
mathematics education research journal editorial boards
could support the publication of research that is attentive
to validity issues. Editors might be encouraged to include
editorial board members with measurement expertise
and recommend resources in their submission guidelines
to support those interested in publishing with their jour-
nal to adhere to modern conceptions of validity. Another
suggestion is to offer workshops, seminars, or courses
that are focused on measurement issues in mathematics
education. Such work has the potential to create more
nuance around the intended and actual uses of different
instruments (Ing et al., 2021). There is a need for the field
to make progress toward the appropriate design and use
of instruments so that claims made on the basis of those
instruments are supported. This is essential to the type of
“foundational, theory-building work needed in our field”
(Herbst et al., 2022, p. 2). We encourage the mathematics

education field to continue to take steps toward improv-
ing the validity evidence of instruments used.
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