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Abstract  

In this report, the Research in Mathematics (RME) team summarizes the meeting held with the 
Measuring Early Mathematics Reasoning Skills (MMaRS) Technical Advisory Board (TAB) in 
2019. We provide an overview of the meeting purpose, goals, participants, and a summary of the 
discussions, including recommendations made by the TAB on the MMaRS project.   
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MMaRS Technical Advisory Board 
Report: 2019 Summary 

Introduction 
The primary goal of the Measuring Early Mathematical Reasoning Skills (MMaRS) project is to 
create formative assessment resources of numeric relational reasoning (NRR) and spatial 
reasoning (SR) for students in Grades K-2. Teachers may use results of these assessments to 
guide their instructional decision making to support learning of these constructs.  

One component of this research project is to engage experts in the field to solicit their formative 
input on the research and development activities planned for the study, as well as evaluative 
reflections after completion of the activities. As such, the RME team began working with six 
experts who serve on the Technical Advisory Board (TAB) in 2018 and facilitated the second 
meeting virtually (via Zoom) in the fall of 2019. In this report, we provide an overview of the 
meeting’s purpose, goals, participants, and a summary of the discussions, including 
recommendations made by the TAB about the MMaRS project.  

Purpose and Goals of the Fall 2019 TAB Meeting 
In the meeting held on September 11, 2019, the RME research team shared project updates and 
solicited the advisors’ feedback. The slide deck used to facilitate discussion during the meeting is 
included in Appendix A. The agenda for the fall 2019 meeting was as follows:  

• Introductions 

• Project updates since the last meeting 

• Progress on project activities 

o Use Case 

o Learning Progressions 

• Next steps 

• Next Technical Advisory Board Meeting 

Participants and Process 
Eight members of the RME MMaRS project team and five members of the TAB attended the 
meeting in the fall of 2019.  
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RME Project Team 

The RME project team members in attendance included: 

• Leanne Ketterlin Geller, PhD, (PI) 

• Lindsey Perry, PhD, (Co-PI) 

• Josh Geller 

• Cassandra Hatfield 

• Toni Buttner 

• Qadeer Haider, PhD 

• Eloise Kuehnert, PhD 

• Robyn Pinilla, PhD student 

TAB Members 

Six experts serve on the MMaRS TAB. Five attended the meeting, including: 

• Doug Clements, PhD (Kennedy Endowed Chair and Professor, University of Denver) 

• Jere Confrey, PhD (Joseph D. Moore Distinguished University Profession, NC State 
University) 

• Jan de Lange, PhD (Past-chairman/director of the Freudenthal Institute and Professor, 
University of Utrecht in the Netherlands) 

• Lynn Fuchs, PhD (Dunn Family Chair in Psychoeducational Assessment, Vanderbilt 
University) 

• Russell Gersten, PhD (Executive Director, Instructional Research Group) 

Dr. David Chard, Dean of the Wheelock School of Education and Human Development at 
Boston University, serves as a member of the technical advisory board but was not able to attend 
the meeting. 

Process  

The RME team conducted a Zoom video presentation with the TAB. A follow-up email was sent 
to solicit additional information that was not shared during the meeting.  
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Discussion Summary 
The RME team presented some shifts from the original timeline (shown in Figure 1). These 
changes were based on the feedback from the TAB in 2018. Specifically, the TAB suggested that 
the MMaRS researchers: 

1. Consider the use case for the assessment, and 

2. Develop learning progressions for NRR and SR to serve as the foundation of the 
blueprint for the assessment.  

Figure 1. MMaRS Project Overview and Timeline 

 

Use Case and Teacher Advisory Panel (TAP)  

In 2018, the TAB provided useful feedback for the MMaRS team to think about the grade bands 
and use of the assessment in these grades. To further define the use case for the assessments in 
K-2, the MMaRS team formed the Teacher Advisory Panel (TAP) with eight educators who 
teach Kindergarten through second grade.  

Years 
1-2

Year 3

Year 4
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The MMaRS team used a Human-Centered Design (HCD) approach, which is a design thinking 
process, to better understand the assessment users—teachers. Drawing from the work of 
Giacomin (2014), the HCD approach puts the user and their needs at the center of the design 
approach. The HCD approach is both linear and iterative, as illustrated in Figure 2.  

The MMaRS research team’s goal is to engage teachers to learn more about their perspectives 
about classroom assessments, needs, and uses. During the initial year collaborating with the 
TAP, the MMaRS research team gathered information about the use case that they shared with 
the TAB. 

Figure 2. Human Centered Design Research Approach  

 

Feedback from the TAB about the Use Case and TAP  

The TAB inquired about the TAP and their use of learning progressions, ability grouping, and 
the routine of the workshop model in the TAP classrooms. More specifically: 

• Were TAP teachers interested in grouping their students by ability rather than learning 
progressions? Was this distinction made? 

• What is the workshop model? Is there something specific to this model’s structure that 
lends itself to going beyond ability grouping? 

• How might the workshop model inform the assessment report framework? What about 
other instructional models? 

The MMaRS research team noted that the workshop model is an instructional framework that 
begins with a short, five- to ten-minute period of time when students discuss numbers. Then 
teachers facilitate a whole group lesson, guided math groups, and/or learning stations, and close 
the lesson with student reflection (Gilbert & Ciesla, 2019).  The TAB encouraged the research 
team to consider other modes of instruction, which may help inform the assessment report 
framework so that it is not limited to classroom routines that rely solely on the workshop model.  
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The MMaRS research team will continue engagement with the TAP to introduce the learning 
progressions and iteratively refine the use case for the assessment. Drawing from the TAB input, 
the MMaRS research team will inquire about the use of instructional models with the 2020-21 
TAP to ensure that teachers who use different instructional practices from the workshop model 
are represented.  

Learning Progressions 

Building on the advice shared by the TAB in 2018, the MMaRS research team developed 
learning progressions for both the NRR and SR constructs. This process included working with 
expert consultants in the field for the initial big ideas and using other resources for fine grain 
development, conducting cognitive interviews with students, administering a teacher survey, 
then reconciling the learning progressions. These phases and data collection activities are 
displayed in Figure 3.  

Figure 3. Learning Progression Activities 

 

 

 

During the meeting, the design and preliminary findings from these research activities were 
shared with the TAB.  

Feedback from the TAB about the Learning Progression Activities  

The TAB noted that the MMaRS team’s representation of ordering and comparison captures 
some interesting components, but they wonder about the more qualitative steps of the learning 
progressions. How were the most important steps within the leaning progressions decided upon? 
Based on this feedback, the MMaRS research team will use student responses from cognitive 
interviews to refine the conceptualization and interconnectedness of the subcomponents within 
the learning progressions.  

Formative Input Solicited from the TAB 
To guide the future research and development efforts of the project, the MMaRS research team 
solicited formative input from the TAB via email. The questions posed included the following: 
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1. Based on your experiences designing items, what other data sources (besides evidence 
from the cognitive interviews, teacher advisory panel, and assessments collected from 
other researchers) should we consider when designing the item models? 

2. When working with children in K-2, are there sources of construct-irrelevant variance to 
which we should pay particular attention; perhaps some unexpected sources of variance 
that you have encountered? 

3. Do you have any advice for gaining efficiencies in our timeline and/or executing our 
remaining tasks (think aloud interviews, item writing, pilot testing)? 

The TAB responded with varied input, which we summarized by theme. 

• Study a diverse variety of data sources. The MMaRS research team should ensure that 
the sample for the cognitive interviews and item piloting is not done solely with a 
convenience sample. Equity and cultural diversity must be considered. The TAB also 
suggested revisiting prior research and focusing some validity study resources on Item 
Response Theory (IRT) analysis, especially considering the importance of the 
assumptions about hierarchical development inherent in the learning progressions.   

• Delve within and go beyond the workshop model with teachers. The TAB 
recommended that the research team explore how the learning progressions intersect with 
the idea of workshop models and study how teachers interpret data on learning 
progressions in relation to their prior experience.   

• Consider teacher perceptions about learning progression levels and students’ 
developmental pathways. TAB cautioned that teachers often think in levels and see 
learning progressions as an accumulation of skills. It is important for the MMaRS team to 
consider all developmental pathways, including struggling learners, and communicate 
why levels are constructed as they are in the learning progressions.  

• Pilot as soon as possible. The MMaRS research team will learn, grow, and recoup time 
through trials and errors. Validity studies may need to become a part of a new project.  
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Appendix A  

 

Project MMaRS: 
Measuring Early Mathematical Reasoning Skills

Technical Advisory Board Meeting
September 11, 2019

• Measuring Early Mathematical Reasoning Skills: Developing 
Tests of Numeric Relational Reasoning and Spatial Reasoning

– National Science Foundation: Discovery Research PreK-12

– 2017-2021

Agenda

• Introductions

• Project updates since our last meeting

• Progress on project activities

– Use Case

– Learning Progressions

• Next steps

• Next Technical Advisory Board meeting

The MMaRS Team

RME Team
• Leanne Ketterlin Geller, PhD, PI

• Lindsey Perry, PhD, Co-PI
Returning Team Member New Team Members
Josh Geller 
Cassandra Hatfield

Toni Buttner
Qadeer Haider, PhD
Eloise Kuehnert, PhD
Robyn Pinilla, PhD student

Looking for 1 additional full-time team member
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The MMaRS Team

Technical Advisory Board
• David Chard

• Doug Clements

• Jere Confrey

• Jan deLange

• Lynn Fuchs

• Russell Gersten

Consultants
• Juanita Copley

• Erica Lembke

• Susan Levine

• Linda Platas

• Sarah Powell

• David Purpura

• Janie Schielack

• Yasmin Sitabkhan

Project Overview

• Primary Aim: Develop and gather validity evidence for a classroom-
based assessment system measuring:

– Numeric Relational Reasoning

– Spatial Reasoning

• Secondary Aims:

– Understand students’ thinking and reasoning around constructs

– Support teachers’ decision making 

– Inform teachers about the importance of these constructs 

Original Project Timeline

Year 1

Year 2

Year 3

Year 4

Project Changes

• Use case for the assessment system

– Created Teacher Advisory Panel 
(TAP) to better understand teachers’ 
needs for early mathematics 
assessments and the interpretations 
they are trying to make

• Learning progressions for numeric 
relational reasoning and spatial 
reasoning

– Development & initial evidence for 
empirical recovery 

– Will serve as the foundation of the 
blueprint

Years 
1-2

Year 3

Year 4
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Use Case: TAP and HCD

• Eight K-2 educators (5 districts, average 19 years experience)

• Used Human-Centered Design approaches to examine usability and 
usefulness of classroom-based mathematics assessments 

Understand PrototypeDefine Test Tell

Empathy

Synthesis

Design Implementation Results Actions

Classroom Assessment

Use Case: TAP and HCD

Use Case: Outcomes of the TAP

• Extensive data to inform instruction in reading but not mathematics

• System-level factors cause feelings of powerlessness; lack agency

• Data are not actionable (and sometimes not interpretable)

– Instructional groups

• Based on students’ current level of knowledge and common errors

• To organize groups for the workshop model (not to differentiate problem sets 
or organize number talks)

– “Next steps” in instruction

• Which content should be weighted more heavily in instruction based on 
students’ current knowledge and errors

• Reports should facilitate these decisions and communication 

Use Case: Next Steps for TAP

• Integrate findings into design of test specifications

• Prototyping of item models

• Next steps for the TAP:

– Prototyping of interface design

– Design of reports to emphasize interpretation, usability, and actions

Design Implementation Results Actions

Classroom Assessment
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Learning Progressions

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions

Progress on Project Activities

• Initial development of big ideas and ordering with consultants 

– NRR: Nita Copley, Janie Schielack

– SR: Susan Levine, Linda Platas

• Creation of fine-grained learning progressions; multiple rounds of 
internal review

• External review with original consultants

• Reconciled comments from external review 

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions

Progress on Project Activities

Numeric Relational Reasoning 
Learning Progressions

Relations Composition & 
Decomposition

Properties of 
Operations

1. Comparison
2. Ordinality
3. Transitivity
4. Representations of 

Order in Comparison 
Situations

5.   Composition
6.   Decomposition
7. Applying and 

Representing 
Composition and 
Decomposition

8. Equivalence of 
Quantity and 
Number

9. Equal sign as a 
relational symbol

10.Maintaining 
Equality

11.Solving for 
Unknown Values

Progress on Project Activities

Numeric Relational Reasoning 
Learning Progressions

Relations Composition & 
Decomposition

Properties of 
Operations

1. Comparison
2. Ordinality
3. Transitivity
4. Representations of 

Order in Comparison 
Situations

5.   Composition
6.   Decomposition
7. Applying and 

Representing 
Composition and 
Decomposition

8. Equivalence of 
Quantity and 
Number

9. Equal sign as a 
relational symbol

10.Maintaining 
Equality

11.Solving for 
Unknown Values
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Progress on Project Activities

Spatial Reasoning Learning 
Progressions

Reasoning Spatially 
Within Objects

Reasoning Spatially 
Between Objects

1. Shape
2. Transformation
3. Composition & 

Decomposition

4.  Spatial Language
5.  Understanding 

Maps and Models
6.  Perspective Taking

Progress on Project Activities

• Purpose: Investigate content, ordering, and developmental 
appropriateness of learning progressions

• Developed tasks aligned with learning progression skill statements

• Interviewed 32 children in Grades K-3

– Relations: 16

– Composition & Decomposition: 16

– Properties of Operations: 32

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions

Progress on Project Activities

• Examined:

– Correctness of responses

– Anticipated and unanticipated strategies used by students

– Students’ comfort level with task (e.g., manipulatives, if prompt was 
reworded etc.)

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions

Progress on Project Activities

• Purpose: Investigate developmental appropriateness of learning progressions

• Through Qualtrics, teachers were asked to consider the skill statements on one 
learning progression and respond regarding the  

– Importance as a focal skill 

– Importance as prerequisite skill

– Time of year taught and frequency

– Developmental appropriateness

– Interpretability of skill statements 

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions
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Progress on Project Activities

• Sample

– Relations: 92 

– Composition & Decomposition: 90

– Properties of Operations: 92

• Examined

– Responses by grade level (and whether responses differed by grade level)

– Relationships between responses (e.g., focal skill vs. development appr.)

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions

Progress on Project Activities

• We are currently making edits to the learning progressions based on 
these data.

– Conceptualizations: adequacy of skills statements, developmental 
appropriateness, anticipated and unanticipated strategies

– Ordering: lower and upper boundaries, increase in complexity

– Interconnections: articulation of within and across core concepts

Learning 
Progression 
Development Teacher Survey

Cognitive Interviews Reconcile 
Learning 

Progressions

Learning Progressions: Next Steps

• Outcomes of Reconciliation

– Revisions to conceptualizations, ordering, and/or interconnections 
among skill statements

– External review to provide feedback on the changes

• Serve as content blueprint for the test specifications 

Work in Process: Item Models

Item 
Models

Assessment 
Inventory

Cognitive 
Interviews

TAP/Use 
Case

Assumptions:
1. Elicit reasoning and thinking skills aligned with learning progressions
2. Actionable results to inform grouping and “next steps”
3. Minimize construct-irrelevant variance
4. Easy to administer and score; feasible for classroom use
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Project Goals for 2019-20

NRR: 
Fall 2019

NRR: 
Spring 2020

SR: Spring
2020

SR: Summer
2020

SR: Fall
2020

Discussion on Progress 

• Based on your experience designing item models, what other 
sources of data should we consider?

• When working with children in K-2, are there sources of construct-
irrelevant variance to which we should pay particular attention?

• Are there ways in which we can gain efficiency in the timeline? 

• In thinking about our upcoming steps (item models, think aloud 
interviews, item writing, pilot testing, and validity evidence), do you 
have any advice for us? 

Next Steps 

• We would like to convene a 2-day in-person meeting in Dallas in the 
spring

• Purpose: 

– Provide an in-depth review of our process and outcomes

– Review the research design for Year 4

• Availability in April?


