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RCML History  
The Research Council on Mathematics Learning, formerly The Research Council for 
Diagnostic and Prescriptive Mathematics, grew from a seed planted at a 1974 national 
conference held at Kent State University. A need for an informational sharing structure in 
diagnostic, prescriptive, and remedial mathematics was identified by James W. Heddens. A 
group of invited professional educators convened to explore, discuss, and exchange ideas 
especially in regard to pupils having difficulty in learning mathematics. It was noted that there 
was considerable fragmentation and repetition of effort in research on learning deficiencies at all 
levels of student mathematical development. The discussions centered on how individuals could 
pool their talents, resources, and research efforts to help develop a body of knowledge. The 
intent was for teams of researchers to work together in collaborative research focused on solving 
student difficulties encountered in learning mathematics.  
  
Specific areas identified were:  
  
1. Synthesize innovative approaches.   
2. Create insightful diagnostic instruments.   
3. Create diagnostic techniques.   
4. Develop new and interesting materials.   
5. Examine research reporting strategies.  
  
As a professional organization, the Research Council on Mathematics Learning (RCML) 
may be thought of as a vehicle to be used by its membership to accomplish specific goals. There 
is an opportunity for everyone to actively participate in RCML. Indeed, such participation is 
mandatory if RCML is to continue to provide a forum for exploration, examination, and 
professional growth for mathematics educators at all levels.  
  
The Founding Members of the Council are those individuals that presented papers at one of the 
first three National Remedial Mathematics Conferences held at Kent State University in 1974, 
1975, and 1976.  
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The purpose of this proceeding is to share a component to a validity argument for a new, 
computer adaptive mathematics Problem-Solving Measure that is designed for grades six 
through eight (PSM 6-8). The PSM is a single test, which uses computer adaptive features to 
measure students’ performance using instructional standards. It is intended to measure students’ 
problem-solving performance related to instructional standards. 

Introduction 

In prior studies (e.g., Bostic & Sondergeld, 2015; Bostic et al., 2017; Bostic et al., 2021), our 

research team described a series of vertically equated, paper-and-pencil measures of 

mathematical problem solving for grades 3-8. The measures draw upon guidance from the 

Standards for Educational and Psychological Testing (Standards; AERA et al., 2014), and align 

to the Common Core State Standards for Mathematics (CCSSI, 2011) for both content and 

practice. The tests filled a need for K-12 educators, researchers, and evaluators. K-12 educators 

recently requested, partially due to their experiences during COVID-19, a version that could be 

administered online, and could be adaptive to students’ abilities. This presented an opportunity to 

develop a computer-adaptive version of the tests. This study’s purpose is to present validity 

evidence based on test content and consequential (i.e., bias) considerations for a computer-

adaptive test (CAT) of mathematical problem-solving for grades six through eight (CAT PSM 6-

8).    

Relevant Literature 

Problems and Problem Solving 

Our research team drew upon two related frameworks for mathematical problems. 

Schoenfeld (2011) frames a mathematical problem as a task presenting to an individual such that 

(a) it is unclear whether there is a solution, (b) it is unknown how many solutions exist, and (c) 

the pathway to the solution is unclear. Verschaffel and colleagues (1999) frame mathematical 

mailto:bosticj@bgsu.edu
mailto:tdfolge@bgsu.edu
mailto:kk3436@drexel.edu
mailto:gmatney@bgsu.edu
mailto:tas365@drexel.edu
mailto:gregory@clarityassessmentsystems.com
mailto:gregory@clarityassessmentsystems.com
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word problems as tasks that are (a) open, (b) complex, and (c) realistic. Open tasks can be solved 

using multiple developmentally-appropriate strategies. Complex tasks are not readily solvable by 

a respondent and require productive thinking. Notions of open and complex are clearly related to 

Schoenfeld’s framing of problems. The use of realistic adds a necessary element to effectively 

frame word problems for our assessment. Realistic word problems draw upon real-life 

experiences, experiential knowledge, and/or believable events. Schoenfeld (2011) and 

Verschaffel et al.’s (1999) frameworks provided our team with sufficient grounding to develop 

mathematical word problems for the CAT PSM 6-8. 

Given our selection of two synergistic frameworks for creating CAT items, we retained Lesh 

and Zawojeski’s (2007) problem-solving framework from past test development. That is, 

problem solving is a process of “several iterative cycles of expressing, testing and revising 

mathematical interpretations – and of sorting out, integrating, modifying, revising, or refining 

clusters of mathematical concepts from various topics within and beyond mathematics” (Lesh & 

Zawojewski, 2007, p. 782). Through these frames of mathematical word problems and problem 

solving, our team sought to develop the CAT PSM 6-8.  

Validity and Validity Arguments 

Validation studies are intended to provide a reader with information about how evidence 

supports an intended interpretation and use of test results (AERA et al., 2014; Carney et al., 

2022; Kane, 2006, 2012). The Standards defines validity as “the degree to which evidence and 

theory support the interpretations of test scores for proposed uses of tests” (AERA et al., 2014, p. 

11). The Standards describe five sources of validity evidence: test content, response process, 

internal structure, relations to other variables, and consequences of testing. More information 

about these five sources is discussed in Folger et al. (2023). This proceeding focuses on test 

content and consequential evidence to explore three validity claims. The first claim is that the 

CAT PSM 6-8 items address mathematics content described in the CCSSM and have a known 

mathematical solution space. Our second claim is that CAT PSM 6-8 items adhere to the open, 

complex, and realistic framework. A third claim is that CAT PSM 6-8 items possess limited bias. 

Our broad research question is: What test content and consequential evidence supports our 

claims regarding CAT PSM development?  
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Method 

A design science approach (Lesh & Sriraman, 2005; Middleton et al., 2008) was used to 

develop the CAT PSM 6-8. Design science research is valuable for creating products like tests 

that can be evaluated, refined, and re-evaluated (Middleton et al., 2008). Our test item 

development and subsequent validation process had multiple checks and balances across a 

diverse research team including mathematics educators, assessment scholars, psychometricians, 

and graduate students across all three areas. Recent scholarship indicates a deductive, a priori, 

approach for developing validity claims and then collecting validity evidence leverages the 

theoretical foundation from which the test is developed (Folger et al., 2023); hence, we use that 

approach in this study. Note, this study focuses on validity evidence based on test content and 

consequential considerations (i.e., bias) because (a) of similar data collection and analysis 

method and (b) these claims can be described within the proceedings page limitations. 

Participants and Instrumentation 

CAT PSM 6-8 items were developed using an iterative design (see Figure 1). Item 

developers included mathematics teachers across the USA certified to teach grades 6-12. All 

teachers hold graduate degrees and valid teaching credentials in their state. Content panel experts 

included two terminally degreed (PhD) mathematics educators, mathematics education graduate 

students, as well as two terminally degreed (PhD) mathematicians who had expertise with 

instructional standards (e.g., CCSSI, 2011). Bias panel experts included two terminally degreed 

mathematics educators, an assessment scholar and doctoral student, as well as four purposefully 

recruited mathematically focused bias panel members representing diversity, equity, and 

inclusivity through different ethnicities, cultural backgrounds, and geographic regions of the 

USA. All bias panel members hold graduate degrees and work in education or education-

adjacent fields (e.g., engineering). Also, students from participating districts were asked to 

review and respond to two questions following their work on three CAT items during 1-to-1 

think alouds: (1) Do you believe this item is appropriate for other students in your grade level? 

(2) Do you feel there is any form of bias in the item that you completed? Participating school 

districts included over 500 diverse students from the Midwest, Southwest, and Mountain West 

regions, including rural, suburban, and urban school contexts. One group of students from the 

Mountain West region included a large number of multi-lingual learners.  
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A goal of CAT PSM 6-8 development was to develop 240 items for each grade level (grades 

six, seven, and eight). After the multilevel reviews during the item development phase (see 

Figure 1), the final item pool consisted of a total of 178 items, 178 items, and 182 items all 

aligned to their respective grade-level mathematics content standards. An example seventh-grade 

Expressions and Equations item is provided to contextualize the word problems created for the 

CAT PSM: “A water tower contains 16,880 gallons of water. Each day half of the water in the 

tank is used and not replaced. This process continues for multiple days. How many gallons of 

water are in the 4tower at the end of the fourth day?” One example of a reason that an item did 

not make the final pool of items was that some items could not be further shortened in text length 

without losing realism and complexity. Similar to past paper-and-pencil PSMs, CAT PSM 6-8 

items are scored dichotomously as correct or incorrect.  

Figure 1.  

CAT PSM 6-8 item writing cycle process 

 
Data Collection and Analysis 

This study focuses on test content and consequential validity evidence; further validity claims 

and evidence will be presented in future scholarship. Gathering evidence based on test content 

involved multiple stages of data collection, which were analyzed and reviewed in light of each 

other to triangulate findings (Saldaña, 2013). Data sources are described in the order conducted. 

One source came from middle school teachers’ reviews. Teachers were instructed to review 

items to confirm that each item (a) addressed the mathematics content and practice standards 
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indicated by the item writer (CCSSI, 2011), (b) adhered to our selected frames for mathematical 

word problems (i.e., open, complex, and realistic), and (c) were developmentally appropriate. A 

second data source came from the mathematicians who conducted reviews to explore the degree 

to which items (a) addressed the mathematics content and practice standards indicated by the 

item writer (CCSSI, 2011), (b) adhered to our selected frames for mathematical word problems 

(i.e., open, complex, and realistic), and (c) had a known mathematical solution space. A third 

data source was a review conducted by two mathematics educators and multiple mathematics 

education graduate students. That review paralleled prior reviews in that it combined elements 

from the mathematicians’ and the mathematics teachers’ reviews. A fourth data source came 

from students’ feedback during think alouds regarding grade-level appropriateness of items.  

Bias was reviewed in a similar fashion but with different individuals. Again, the data sources 

order coincides with the steps in the process. The first data source was a review conducted by 

practicing mathematics teachers. The goal was to explore the ways in which items might 

contribute negative bias towards students’ outcomes. A second data source came from a review 

conducted by a bias panel led by a psychometrician and assessment-focused graduate student. 

This panel followed a protocol developed by the team, based upon past work on a similar project. 

A third data source came from a review conducted by two mathematics educators, two 

assessment scholars, and several mathematics education graduate students. This team reviewed 

items for potential bias, feedback was shared, and revisions were made. A fourth and final data 

source was students’ responses to the bias question asked during 1-1 think alouds.  

Data sources were analyzed qualitatively for evidence in support of conjectured claims. Our 

team used an iterative, inductive analysis with a goal of generating themes (Hatch, 2002; 

Saldaña, 2013). Step one was becoming familiar with the available data for analysis. Step two 

was to more closely examine data sources to clarify any ambiguity that arose during the first 

review of data. Step three was making notes about potential ideas that seemed relevant to the 

claims, based upon the data sources for each validity source. Step four aimed to categorize notes 

into general notions, which had potential to become a claim. Step five was discussions about 

categories that might be eliminated or revised based upon the findings occurred. Step six was to 

review each category and consider the amount and quality of evidence related to it, which made 

generate a validity claim. Those categories with two or more pieces of counterevidence or a 
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paucity of evidence were removed. Step seven involved synthesizing those categories into 

support for the a priori validity claims. 

Findings 

Test content and consequential validity evidence are presented in relation to validity claims. 

Based on the study findings three validity claims were generated: (1) CAT PSM 6-8 items 

address mathematics content described in the CCSSM and have a known mathematical solution 

space; (2) CAT PSM 6-8 items adhere to the open, complex, and realistic framework; and (3) 

CAT PSM 6-8 items have evidence of limited bias.  

Claim #1: Mathematics content 

There was consistent and resounding support that the final drafts of items were aligned to 

CCSSM standards and had a known mathematical solution space. Closure was important because 

if there were multiple solution sets, then scoring dichotomously could be problematic. Regarding 

standards alignment, initial reviews during the item writing stages flagged certain items for 

further revisions. Flagged items were revised and demonstrated full content alignment with 

standards. As one example, one review on an Expressions and Equations item suggested that the 

item changed from “the most” to “the greatest number”. The latter statement is mathematically 

accurate whereas ‘most’ does not necessarily imply larger numbers.   

Claim #2: Open, complex, and realistic  

Content panel members consistently indicated that items could be solved with two or more 

developmentally appropriate strategies. In some cases, teachers and mathematicians shared four 

unique strategies. As one example, a mathematician shared numerous strategies for an eighth-

grade functions item that spanned different representations (i.e., symbols, graphs, and tables), as 

well as different procedures using those representations. Items were also complex enough such 

that teachers believed potential test takers would need time to reflect on a viable solution strategy 

pathway. In many cases, teachers emphasized the need for respondents to reflect on the 

problem’s situational context, then connect ideas to mathematical strategies, and ultimately act 

on a strategy that had potential to arrive at a solution. Realism was often discussed among panel 

members. During later stages of data collection, items were deemed to need further revisions 

because some contexts may be real to one group of students (e.g., a cell phone bill) but not 

others. Some students shared that a cell phone plan may have limited minutes but that many 

students might not understand specific components of a cell phone bill (e.g., overage). For 
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instance, Elias was a multilingual student from an urban Mountain West district. He shared 

during a think aloud that “I don’t think most students understand that minutes cost money. Most 

students don’t pay their own cell phone bill. Also, many people just have unlimited minutes like 

on the commercials.” Items like this one were revised and resent to panel members for review to 

confirm that changes were adequate. In this case, the cell phone bill item was revised to focus 

more on the quantity of cell phone minutes used rather than connecting cell phone minutes used 

and cost of a cell phone.  

Claim #3: Limited bias 

Some initial items were flagged for bias for reasons involving topics like specialized 

knowledge of different sports (e.g., free throw in basketball) or phrasing in the item that 

suggested a student had cultural experience with a context (e.g., you went to the beach.) 

Feedback led to revisions such that the team handled it and resent items to the panels. As an 

example, the free throw item was revised to focus on throwing a basketball into a hoop. Item 

revisions helped to orient tasks like this one to general sports ideas that were also located in K-8 

physical or health education standards. Items that used “you” were revised to include an 

individual’s names. Care was taken to be culturally relevant; using names suggested by students 

from different geographic regions. Thus, it was more likely that students could perceive peers in 

their problems when they saw names relevant to their local culture. Revised items that were 

deemed limited in bias were shared with potential respondents during the think alouds. Students 

confirmed that they felt items contained no observed bias. Our team does not believe there is 

zero bias across the items but rather, it is limited in scope and not detected by the scholars, 

practitioners, and potential respondents involved in this study.   

Discussion and Next Steps 

Our goal was to explore the degree to which evidence supports validity claims of the CAT 

PSM 6-8. The a priori claims approach adheres to modern standards and best practices in 

assessment development (AERA et al., 2014; Folger et al., 2023). Based on the evidence and 

claims presented in this proceeding, test users may feel confident knowing the CAT PSM 6-8 

does what it intends. Far too many tests provide insufficient information for test users (Bostic et 

al., 2022), which can lead to issues including but not limited to (a) spurious findings, (b) negative 

implications for test takers, and (c) less instructional time for K-12 students (AERA et al., 2014; 

Cronbach, 1988). 
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        Bias is something that cannot be eliminated (AERA et al, 2014) and instead, is intended to 

be limited and balanced across an item set. In the case of these items, teachers, bias panel 

members, other scholars, and students did not perceive negative bias in the final versions of the 

items; however, that does not necessarily mean there is no bias. Instead, it provides strong 

qualitative evidence for a lack of observed bias. Further quantitative analyses will be performed 

using differential item functioning (DIF) to explore whether items grouped onto the CAT PSM 

have unbalanced bias, which will take place after test administration in May 2023.  
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