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Abstract  

In this report, the Research in Mathematics (RME) team summarizes the Measuring Early 
Mathematics Reasoning Skills (MMaRS) Technical Advisory Board (TAB) meeting held in 
2020. We provide an overview of the session purpose, goals, participants, and a summary of the 
TAB feedback, including recommendations made by the TAB on the MMaRS project.   
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MMaRS Technical Advisory Board 
Report: 2020 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 in the fall of 2019. Due to the COVID-19 pandemic, the RME team cancelled the spring 
2020 in-person meeting. In lieu of this meeting, we recorded a video presentation in the summer 
of 2020 to share a summary of the research activities we completed during the 2019-2020 grant 
award year with the TAB and seek their input via a survey. In this report, we provide an 
overview of the 2020 meeting’s purpose, goals, participants, and a summary of the TAB’s 
feedback, including recommendations made by the TAB about the MMaRS project.  

Purpose and Goals of the Summer 2020 TAB Meeting 
The purpose of the Summer 2020 TAB meeting was to provide an overview of the MMaRS 
research activities underway since the previous 2019 TAB meeting. We also solicited their 
summative feedback about our activities and progress toward reaching the project’s goals and 
objectives. The slide deck used to facilitate discussion during the meeting is included in 
Appendix B. The agenda for the summer 2020 presentation meeting was as follows:  

• Introductions 

• Purpose and Goals 

• Progress on Articulating the Learning Progressions and Designing Item Models 

o Overview of Data Sources 

o Overview of Reconciliation Process 

• Progress on Teacher Advisory Panel 

• Next steps 
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Participants, Process, and Analyses 
Dr. Leanne Ketterlin Geller (PI), Cassandra Hatfield, and Jennifer McMurrer were presenters 
during the 2020 video session. All six TAB members provided their feedback on RME’s 
summative overview of the process. 

TAB Members 

Six experts serve on the MMaRS Technical Advisor Boarding: 

• David J. Chard, PhD (Dean, Wheelock College of Education and Human Development, 
Boston University) 

• 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) 

Process and Analysis 

The RME team conducted a Zoom video presentation and shared the recording with the TAB via 
email. We included an accompanying document (shown in appendix A) in which we listed 
specific questions about the MMaRS research activities and summative process. The RME 
MMaRS team gathered feedback from the TAB about the research activities and questions via 
email over a three-week time period. One RME team member collected and combined the TAB 
responses in a common file and displayed the results from the Likert scale questions in summary 
charts. The team member organized the TAB responses to the open response questions by 
question number below each summary chart and color-coded the narrative by the respondent ID. 
A second RME team member verified the data entry. 

A third RME team member analyzed the responses individually, first by question posed and 
TAB respondent. Then she looked across the TAB responses to identify commonalities and 
differences across the TAB members to each question. She catalogued these commonalities and 
differences in a matrix table and another MMaRS researcher reviewed the matrix alongside the 
common response file and the analysis plan. This secondary-level of review is a strategy used by 
evaluators to reduce bias (Fitzpatrick, Sanders, & Worthen, 2011). We provide a summary of the 
research activities presented in the video and analysis of the TAB feedback in the next section.  
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Overview of MMaRS Research Activities 
Learning progressions serve as the foundation for the test blueprints for the MMaRS project. The 
project PI reviewed the data sources for the learning progressions and provided an overview of 
the learning progression reconciliation process during the opening of the TAB presentation. The 
foundation for the learning progressions were based on an extensive review of the literature as 
well as formative and iterative input from experts in the field. After multiple rounds of internal 
and external review of the learning progressions, to be sure they were comprehensive of student 
thinking within the two constructs, the RME team conducted cognitive interviews with students 
and administered a teacher survey. Data from these two processes contributed to the learning 
progression development and informed the design of the item models.  

The ways in which the MMaRS team conceptualizes learning progressions includes entry 
knowledge, skills, and abilities (KSAs) of students into the learning progressions and exit KSAs 
of the students in Kindergarten through 2nd grade. Intermediary phases and processes connect the 
entry and exit KSAs, which are the series of subcomponents that connect these KSAs. This 
concept is displayed graphically in Figure 1. The questions that MMaRS researchers are 
examining include validity evidence around four aspects of the learning progressions—
developmental appropriateness, ordering, conceptions, and interconnectedness—also shown in 
Figure 1.  

Figure 1. Learning Progressions: Nature of Knowing in the Domain 

 

 

Developmental appropriateness is aligned to the entry and exit KSAs. The ordering coincides 
with the intermediary phases. The conceptions align with the depth of knowledge for each of the 
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intermediary skills. Then how are those conceptions interconnected with themselves and also 
across core conceptions of the learning progressions.  

Because the primary purpose of the 2020 TAB meeting was to solicit summative feedback about 
the research activities and progress toward reaching the project’s goals and objectives, we 
organized our discussion around the primary research questions and data sources that guided our 
research activities. The specific research questions are displayed in Figure 2 and organized by 
these four components and corresponding data sources. 

Figure 2. Research Questions by Component 

 

Feedback from the TAB is presented for the remainder of this report. First, we provide an overall 
summary of their input. Then, we share detailed input by evidence source.  

Summary of TAB Feedback Across Activities 
The MMaRS research team solicited summative feedback from the TAB about the MMaRS 
research activities. The specific questions posed are included in Appendix A. The six TAB 
members responded with varied input, which we summarized by question topic.  

• Teacher survey data are informative, however, the MMaRS team should consider other 
data sources for the purpose of validating the learning progression. Three of the TAB 
members provided suggestions, including that the MMaRS team ruminate the small sample 
size of teachers by grade level as well as students’ entry knowledge and teachers’ contexts 
before drawing conclusions about the developmental appropriateness and ordering of the 
learning progressions. Nevertheless, teachers’ perceptions from the survey will be important 
considerations for implementation.   
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• Collective use of the quantitative cognitive interview data will provide insight about the 
developmental appropriateness and ordering of the learning progressions.  The TAB 
recommended that the research team clearly define and interpret the p-value and c-
proportion.   

• The reconciliation process for the qualitative cognitive interview data will allow 
MMaRS researchers to make conclusions about the conceptualization and 
interconnectedness of the learning progressions. But one TAB member cautioned that the 
MMaRS team should consider the differences between clinical and cognitive interview data 
for the purposes of coding alignment versus correctness.  

• The integration of qualitative and quantitative data will provide meaningful evidence 
about the validity of the learning progressions.  

• Continued engagement with the Teacher Advisory Panel is an important component for 
implementation and dissemination. The MMaRS research team should be mindful of how 
learning progressions are introduced to the TAP before inquiring about their use.  

Detailed TAB Feedback Across Activities 
Below, we describe the data sources and detailed feedback received by the TAB.  

Teacher Survey  

Teacher survey data were analyzed to answer research questions related to the developmental 
appropriateness and ordering components of the learning progressions. The MMaRS team 
administered two surveys—one related to NRR and the other focused on SR. For each 
subcomponent, or intermediary phase, teachers responded to questions on a four-point Likert 
scale that includes aspects of the following: 

• Time spent teaching the subcomponent 

• When during the school year the subcomponent is taught 

• The importance of the subcomponent as a pre-requisite skill and focal skill to their 
specific grade 

• The developmental appropriateness of the subcomponent by grade 

The responses from the survey were disaggregated by grade and evaluated in alignment with the 
hypothesized learning progression. Roughly 100 teachers responded across the surveys for each 
of the five targeted learning goals. The data from these surveys were examined to address 
research questions associated with developmental appropriateness and ordering. These survey 
data were one component of the reconciliation process. 
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Feedback from the TAB about the Teacher Survey 

Three of the six members of the TAB agreed that the reconciliation process for the teacher 
survey data allows MMaRS researchers to make conclusions about the developmental 
appropriateness and ordering of the learning progressions (shown in Figure 3). Two members 
neither agreed nor disagreed with this statement, and provided additional insights to their rating: 
One cautioned that MMaRS researchers consider responses from second grade teachers may 
reflect their students’ entry knowledge, which may be lacking due to weak teaching or limited 
exposure in K-1. The other TAB member warned that the sample of teachers by grade was small 
and may also be unduly influenced by the sample’s locale, regional specificity, or teachers’ 
experience working with specific types of students.  

The remaining TAB member disagreed, noting the teacher survey information is interesting to 
consider for implementation; however, the survey data are not relevant to the learning 
progressions themselves. This respondent asked if a teacher thought a concept was not 
developmentally appropriate, could this be because the teacher believed it was appropriate in an 
earlier or later grade span? The TAB member suggested distinguishing between these two 
conditions. This TAB member advised that teachers’ perceptions of appropriateness and ordering 
should be considered but they do not constitute expertise relative to the learning progression—it 
is a well-designed and carefully collected set of data but not for the purpose of validating the 
learning progression.  

Figure 3. TAB Agreement with the Reconciliation Process for the Teacher Survey Data 

 

 

 
 

1 2 2 1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Teacher Survey Data

Strongly Agree Agree Neither Agree nor Disagree Disagree Strongly Disagree
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Cognitive Interviews (Quantitative Analyses) 

The MMaRS team conducted cognitive interviews with students, separately for the NRR and SR 
constructs. The students responded to both content and reasoning questions for each 
subcomponent. Reasoning questions included items such as “can you show me what you were 
doing in your head, can you tell me why you answered that way, can you show me more,” etc. to 
elicit more about the students reasoning behind the responses. All students in kindergarten 
through second grade responded to all of the content and reasoning questions for each 
subcomponent, even if we had hypothesized that the subcomponent was not developmentally 
appropriate. Our rationale for this was to test the hypotheses about these subcomponents.  

As part of the quantitative analyses, students’ responses were scored for “correct and aligned” to 
the learning progression. The learning progression specifies, in some instances, the way a student 
engages with the content. The student may respond correctly but unless they are engaging in the 
content in a specific way, it may not be correct and aligned. For example, there are some 
subcomponents that ask students to specify items on a number line. They may have gotten the 
item correct but they did not use the number line.  

The MMaRS team calculated the empirical p-values and c-proportions. The p-value is the 
proportion of students scoring correctly on the items across all grades. The team also calculated 
the c-proportions, which are the proportion of students who incorrectly responded to the 
hypothesized less difficult subcomponent but correctly responded to the hypothesized more 
difficult subcomponent. These statistics help address questions about ordering and added to the 
validity evidence about the accuracy of the hypothesized learning progression with students’ 
actual performance. The MMaRS team also used rater observations data and analyses as another 
component during the cognitive interviews to better understand student engagement. These data 
contributed to conclusions about the accessibility of the items, and informs item models.  

The PI used a subcomponent for NRR (equal sign as a relational symbol) to illustrate the 
MMaRS team’s process for reconciling both the developmental appropriateness and ordering 
components within the learning progression. The data were combined into reconciliation tables. 
Then the MMaRS team made comparisons between the hypothesized learning progression and 
the observed data. The team used these data to refer back to the hypothesized learning 
progression and analyze each data source to make updates, if applicable, to the learning 
progression.  

Feedback from the TAB about the Cognitive Interview Data 
(Quantitative Analyses) 

The TAB generally agreed that the reconciliation process for the quantitative cognitive interview 
data allows MMaRS researchers to make conclusions about the developmental appropriateness 
and ordering of the learning progressions. As depicted in Figure 4, one member strongly agreed 
and three members agreed with this statement. The remaining two members neither agreed nor 
disagreed.  



 8 

Figure 4. TAB Agreement with the Reconciliation Process for the Quantitative Cognitive 
Interview Data 

 

Some TAB members who agreed provided additional feedback. For example, one member 
acknowledged using a similar analytic technique for the first evaluations of the shape 
composition learning trajectories, which proved useful for the study, but the member suggested 
consideration of Rasch or the Q-Matrix and rule space method. This member also recommended 
that the age ranges be tightened so they are more useful to educators. And the TAB posed two 
comments about the p-value. One cautioned that the p-value may be hard for others to interpret 
and the other TAB member did not understand the “almost-opposite order for p-value and c-
prop” with seems “logically inconsistent.”  

The two TAB members who selected “neither” also shared narrative feedback. One member 
wrote that the quantitative data do not add to the developmental view of learning progressions 
but the MMaRS research team’s treatment of the data as a collective set of information makes 
sense and provides insight into the design of item model for the project. The remaining TAB 
member was not clear about the number of children interviewed at each grade level or how 
students were screened for participation in terms of their overall math performances. This TAB 
member also noted worry about students not getting credit for responses when they were not able 
to articulate a viable reason for their answer, especially for K-2 children. Nevertheless, this TAB 
member commented that the research team made good use of the data given the constraints due 
to sample size.  

 

 
 

1 3 2

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Quantitative Cognitive Interview Data
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 9 

Cognitive Interviews (Qualitative Analyses) 

The MMaRS team also used student responses from the cognitive interviews to study the 
conceptions component of the learning progressions. The specific research questions posed 
around this component included: 

• Do students demonstrate reasoning that is consistent with the hypothesized conceptions? 

• What misconceptions and/or errors do students make? Is there a pattern leading to greater 
competence? 

The MMaRS team also analyzed the student responses to the cognitive interviews to examine the 
interconnectedness of the learning progressions. More specifically: 

• In what ways are students KSAs interconnected? 

• In what ways do prior KSAs impact students’ responding?  

The MMaRS team followed the process illustrated in Figure 5 to prepare and analyze the 
cognitive interview data. After the verbal transcriptions were verified, researchers added 
nonverbal content such as actions and hand gestures to the data files. Two members of the 
MMaRS team used open coding to analyze the cognitive interview data, which included a 
reconciliation process. During that process the researchers developed the axial codes and 
summarized the themes by strategies. The researchers calculated frequencies for themes, 
disaggregated by the students’ grade levels. They also identified and documented misconceptions 
or errors among the students from the cognitive interviews during the coding process related to 
each subcomponent. If the data provided justification, the researchers recommended some 
ordering of the subcomponents.  
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Figure 5. Qualitative Data Analysis for Conceptualization 

 

 

Feedback from the TAB about the Cognitive Interview Data 
(Qualitative Analyses) 

Five of the six TAB agreed or strongly agreed that the reconciliation process for the qualitative 
cognitive interview data allows MMaRS researchers to make conclusions about the 
conceptualization and interconnectedness of the learning progressions (shown in Figure 6).  
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Figure 6. TAB Agreement with the Reconciliation Process for the Qualitative Cognitive Interview 
Data 

 

One member praised the team for including gesturing and commented this qualitative component 
is “an elegant aspect of the research.” Another member was surprised that the MMaRS research 
team used open coding because there is a lot already known from the literature, which comports 
with what the research team found.   

Another TAB member posed questions about the difference between cognitive and clinical 
interviews and the focus the MMaRS researchers’ analysis of these data.  This member wrote: 

My understanding is that a cognitive interview is different than a clinical interview in that a 
cognitive interview is to check and see if the assumed method of working the problem is 
consistent with the intended method. In creating LTs [Learning Trajectories] this is a critical 
difference. As the first goes wherever the student wants to take the task and the task is designed 
to support multiple methods. In contrast, the cognitive interview is checking to see if the item as 
delivered is evoking the kinds of responses intended.  I state this because I need to be sure that we 
are on the same page about what your data were. If you were coding as a cognitive interview, 
then alignment seems like it should be the emphasis.  Correctness is really about how you score 
the result. I was not clear if these two evaluations were being kept separate. 
 

The TAB member who selected “neither” reiterated questions about the number of children at 
each grade level and how they were screened for participation in terms of their overall math 
performance.  
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Integration of Evidence  

As a next step, the MMaRS researchers plan to integrate the quantitative and qualitative data 
from the cognitive interviews. The team plans to meet with the original panel of experts who 
contributed to the development of the initial learning progressions to solicit their help and 
feedback on integrating the quantitative and qualitative data sources.  

Feedback from the TAB about the Integration of Evidence  

Considering the reconciliation tables with the quantitative data and the qualitative work within 
the spreadsheet on conceptualization and interconnections, the TAB agreed that the integration 
of qualitative and quantitative data provides meaningful evidence from which MMaRS 
researchers can draw conclusions about the validity of the learning progressions and the design 
of the item models. This agreement is displayed in Figure 7.  

Figure 7. TAB Agreement about the Integration of Qualitative and Quantitative Data to Validate 
the Learning Progressions 

 

One TAB member commented that the model of describing the subcomponent, discussing the 
variations, and adding in open coding “was quite nice.” Another member provided similar 
feedback about the strength of the methodology and commented a principled procedure for 
validation and trust of different sources is necessary.   

 

 
 

1 5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Integration of Qualitative and Quantitative Data

Strongly Agree Agree Neither Agree nor Disagree Disagree Strongly Disagree



 13 

Teacher Advisory Panel  

During the first meeting sessions in 2018, the TAB suggestions gathering input from teachers to 
examine the usability and usefulness of the MMaRS classroom assessment resources. The 
MMaRS team held two meeting sessions with the TAP in July of 2020. During the first meeting 
session, MMaRS researchers will introduce the learning progressions and study how these tools 
may best facilitate use of the NRR and SR formative assessment to inform its design. During the 
second meeting session, the MMaRS team will build on these and the prior TAP findings to 
iteratively refine the use case and understand how the TAP would like to use the MMaRS 
formative assessments and corresponding learning progressions in their K-2 classrooms.  

Feedback from the TAB about the TAP 

The TAB agreed that the process for engagement with the TAP will allow MMaRS researchers 
to share the importance of the learning progression constructs and further develop the use case 
for the assessments with teachers. As shown in Figure 8, two of the TAB members strongly 
agreed, three agreed, and one neither agreed nor disagreed with the statement. 

Figure 8. TAB Agreement about Engagement with the Teacher Advisory Panel  

 

One TAB member commented that the TAP is “super important as a part of defining the 
implementation and dissemination of the products of work.” Another wondered what, 
specifically, the MMaRS teams plans to discuss with the TAP about learning progressions before 
we ask teachers about how they would use them. And a third TAB member noted he/she is 
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currently working on an international survey of teachers that may be relevant to the MMaRS 
study.  
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Appendix A  

Technical Advisory Board: Questions 
Instructions and Request for Feedback  
 
 
Teacher Survey and Developmental Appropriateness/Ordering 

Please rate your level of agreement with the following statement: 
 

1. The reconciliation process for the teacher survey data will allow MMaRS researchers to make 
conclusions about the developmental appropriateness and ordering of the learning 
progressions. 
 

 Strongly agree 
 Agree 
 Neither agree nor disagree 
 Disagree 
 Strongly disagree 

 
If you selected "disagree" or "strongly disagree" please explain how the reconciliation process 
for the teacher survey data could be improved to draw conclusions about the developmental 
appropriateness and ordering of the learning progressions. 
      

 
 
Cognitive Interviews (Quantitative) 

Please rate your level of agreement with the following statement: 
 

2. The reconciliation process for the quantitative cognitive interview data will allow MMaRS 
researchers to make conclusions about the developmental appropriateness and ordering of the 
learning progressions. 
 

 Strongly agree 
 Agree 
 Neither agree nor disagree 
 Disagree 
 Strongly disagree 

 
If you selected "disagree" or "strongly disagree" please explain how the reconciliation process 
for the quantitative cognitive interview data could be improved to draw conclusions about the 
developmental appropriateness and ordering of the learning progressions. 
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Cognitive Interviews (Qualitative) 

Please rate your level of agreement with the following statement: 
 

3. The reconciliation process for the qualitative cognitive interview data will allow MMaRS 
researchers to make conclusions about the conceptualization and interconnectedness of the 
learning progressions. 

 
 Strongly agree 
 Agree 
 Neither agree nor disagree 
 Disagree 
 Strongly disagree 

 
If you selected "disagree" or "strongly disagree" please explain how the reconciliation process 
for the qualitative cognitive interview data could be improved to draw conclusions about the 
conceptualization and interconnectedness of the learning progressions. 
      

 
 
Integration of Evidence 

Please rate your level of agreement with the following statement: 
 

4. The integration of qualitative and quantitative data will provide meaningful evidence from 
which MMaRS researchers can draw conclusions about the validity of the learning progressions. 
 

 Strongly agree 
 Agree 
 Neither agree nor disagree 
 Disagree 
 Strongly disagree 

 
If you selected "disagree" or "strongly disagree" please explain how the qualitative and 
quantitative data integration could be improved. 
      

 
 
Teacher Advisory Panel 

Please rate your level of agreement with the following statement: 
 

5. The process for engagement with the TAP will allow MMaRS researchers to share the 
importance of the learning progression constructs and further develop the use case for the 
assessments with teachers.  

 
 Strongly agree 
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 Agree 
 Neither agree nor disagree 
 Disagree 
 Strongly disagree 

 
If you selected "disagree" or "strongly disagree" please explain how the TAP process for 
engagement could be improved to share the importance of the learning progression constructs 
and further develop the use case for the assessments with teachers.  
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Appendix B  

 

Project MMaRS: 
Measuring Early Mathematical Reasoning Skills

Technical Advisory Board Meeting
June 2020

• 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

• Purpose and Goals

• Progress on Learning Progressions

– Learning Progression Data Sources

– Learning Progression Reconciliation Process

• Progress on Teacher Advisory Panel

• Next Steps

The MMaRS Team

RME Team
• Leanne Ketterlin Geller, PhD, PI

Returning Team Members New Team Members
Josh Geller 
Cassandra Hatfield
Toni Buttner
Qadeer Haider, PhD
Robyn Pinilla, PhD student

Jennifer McMurrer, PhD
Alain Mota
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Purpose and Goals

• Summative overview of process

– TAB's input from 2019

– Seeking TAB feedback

– Questions embedded after each section of the presentation

• Convene to seek TAB's formative feedback in Fall of 2020

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 

Learning Progressions Process

• Learning progressions serve as the foundation for test blueprints

– Describe the learning progression data sources

– Overview of the learning progression reconciliation process

Learning 
Progression 

Development: 
• Literature Based
• Expert Input Teacher Survey

Cognitive Interviews 
(CI) Reconcile 

Learning 
Progressions

Learning Progressions:
Nature of Knowing in the Domain

Entry 
KSAs

Exit 
KSAs

Intermediary Phases

Va
lid

ity
 E

vi
de

nc
e Developmental Appropriateness

Ordering

Conceptions

Interconnectedness
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Research Questions by Component 

Component Research Questions Data Source
Developmental 
Appropriateness

Do the entry and exit KSAs align with teachers’ 
expectations of pre-requisite and target skills?

Does teachers’ frequency of teaching KSA align with 
progression?

Does student performance and engagement indicate floor 
or ceiling effects that align with entry and exit KSAs?

Teacher survey data

Teacher survey data

Scores on CI tasks; observer 
ratings of student comfort

Ordering Are teachers’ perceptions of the appropriateness aligned 
with the hypothesized order? 

Do students demonstrate increasingly sophisticated 
reasoning aligned with the hypothesized ordering?

Do students appear comfortable with tasks and task 
elements? 

Teacher survey data

Scoring of the CI tasks (c-
prop, p-values)

Observer rating of student 
comfort

Conceptions Do students demonstrate reasoning that is consistent with 
the hypothesized conceptions? 

What misconceptions and/or errors do students make? Is 
there a pattern leading to greater competence?

Student responding on CI

Classification of incorrect 
responding on CI

Inter-
connectedness

In what ways are students’ KSAs interconnected? 
In what ways does prior impact students’ responding? 

Student responding on CI

Teacher Survey Data and Analyses

• Teacher Survey (NRR and SR administered separately)

• For each subcomponent, teachers responded to questions on a 4-
point Likert scale:

– Time spent teaching the subcomponent

– When during the school year the subcomponent is taught

– The importance of the subcomponent as a pre-requisite skill and focal 
skill

– The developmental appropriateness of the subcomponent by grade

• Responses were disaggregated by grade and evaluated in 
alignment with the hypothesized learning progression

Teacher Survey Data and Analyses

• Data were analyzed to address 
research questions associated 
with developmental 
appropriateness and ordering

• If the modal value provided 
contrary evidence, the 
subcomponent was flagged

• Convergence of perceptions of 
developmental 
appropriateness and 
importance as a focal skill 
were examined using bubble 
plots

Cognitive Interview Quantitative 
Data and Analyses

• Cognitive interviews administered separately for NRR and SR

• Students responded to content and reasoning questions for each 
subcomponent

• Students’ responses were scored for “correct and aligned” to the 
learning progression

• We calculated the empirical p-values and c-proportions
A.1.b A.1.c A.1.d A.1.e A.1.f A.1.g

A.1.a .417 .467 .267 .357 .267 .077
A.1.b .154 .000 .154 .077 .000
A.1.c .063 .133 .125 .000
A.1.d .200 .188 .071
A.1.e .067 .000
A.1.f .071
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Rater Observation Data and Analyses

• During the CI, observers rated 

– Whether the interviewer reworded the question (dichotomous) 

– Whether the interviewer repeated the question (dichotomous) 

– Whether students were comfortable with manipulatives used in the tasks 
(dichotomous)

– The overall degree of comfort students demonstrated with the task (4-point 
scale)

• If greater than 50% of students needed the item reworded or repeated 
or fewer than 75% were comfortable with manipulatives, the item was 
flagged for possible confusion or out of range

• If average overall comfort score indicated discomfort, item was flagged

Reconciliation for Developmental 
Appropriateness and Ordering

• Data were combined into reconciliation tables

• Comparisons were made between the hypothesized learning 
progression and the observed data
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Request for Feedback

Teacher Survey and Developmental Appropriateness/Ordering

Please rate your level of agreement with the following statement:

– The reconciliation process for the teacher survey data will allow 
MMaRS researchers to make conclusions about the developmental 
appropriateness and ordering of the learning progressions.

Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly 
Disagree

– If you selected "disagree" or "strongly disagree" please explain how the 
reconciliation process for the teacher survey data could be improved to 
draw conclusions about the developmental appropriateness and 
ordering of the learning progressions.

Request for Feedback

Cognitive Interviews (Quantitative) 

Please rate your level of agreement with the following statement:

– The reconciliation process for the quantitative cognitive interview 
data will allow MMaRS researchers to make conclusions about the 
developmental appropriateness and ordering of the learning 
progressions.

Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly 
Disagree

– If you selected "disagree" or "strongly disagree" please explain how the 
reconciliation process for the quantitative cognitive interview data could 
be improved to draw conclusions about the developmental 
appropriateness and ordering of the learning progressions.

Qualitative Data Analysis

• Overview of learning progression reconciliation process continued

– Cognitive interviews (Qualitative data)

Data 
Preparation

• Non-verbal transcripts
• Pre-Coding

Data 
Analysis

• A priori coding
• Open Coding

Synthesis

• Axial coding of open 
coding themes

SR.A.1.a
• Content Question and Response
• Reasoning Question and Response

• Reasoning Question and Response
Mathematical Reasoning
Tangential 
No Reasoning

Mathematical Reasoning
Themes

Sub-
component

Elements 
that vary

Open 
coding 
themes

Subcomponent 
Synthesized

• Developed axial 
codes

• Summarized 
themes by 
strategies

• Recommended 
some ordering 
when justified

Within each core 
component, we 
defined the 
subcomponent 
using cognitive 
interview data

Qualitative Data Analysis: Conceptualization
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Learning Progression SR: Spatial Reasoning
Within Objects

LEVEL SUBCOMPONENT CODE ORIGINAL SUBCOMPONENT STATEMENT 
& ELEMENTS THAT VARY

OPEN CODING THEMES
SUBCOMPONENT SYNTHESIZED DESCRIPTION 

RECOMMENDATION (Cass/Robyn) *summarize/synthesize 
G (axial coding)*

SUBCOMPONENT MISCONCEPTIONS (M) or STUDENT ERROR 
(E)

Sh
ap

e

1 Sorting SR.A.1.a

Sort similar two- and three-
dimensional shapes regardless of 
size, orientation, and dimensionality. 
[KF-KB]

Elements that varied:    
Regular and irregular circles, 
squares, triangles, and rectangles 
[KF-KB]

Regular or irregular hexagons, 
rhombus, cubes, cones, cylinders, 
spheres, pyramids, prisms, trapezoids 
[KT-2F]

Regular or irregular quadrilaterals 
[2B-2T]

(a) Match shapes: Students 
matched shapes, without naming 
them, to create groups - “Looked 
like that one” or “This one is the 
same as the other” 

(b) Identify 2D shapes: Used formal 
or informal shape names to define 
groups, (e.g., diamond for rhombus) 
- Used 2D shape name, such as a 
rectangle, to explain grouping 

(c) Apply 2D shape name to 3D 
solid: Categorized 3D solids with 2D 
shapes, but applied the name of a 
single face’s 2D shape to the 3D 
solid as a whole - Triangular prism 
called triangle due to triangular-
shaped face 

(d) Recognize Dimensionality: 
Attended to 2D versus 3D 
explicitly.Reasoned about sorting on 
the basis that a solid is 3D and a 
shape is 2D 

(e) Compare mathematical or non-
mathematical visible attributes: 
Compared color or size of shapes, 
grouped blue shapes together 
based on color, or compared 
shapes using words such as “big”, 
“little”, or “middle” *All students who 
used size used at least one other 
theme* 

i. The student sorts two-dimensional 
shapes into groups by matching a 
shape to one or more others with the 
same or similar attributes   (a and e)

ii.a. The student is able to sort similar 
two- and three-dimensional shapes 
regardless of size, orientation, and 
dimensionality. (b and c)

ii.b. The student sorts shapes as two-
dimensional versus three-
dimensional. (d)

i. (1) Students attend to color (non-
mathematical attribute) when 
sorting rather than focusing on a 
mathematical attribute; (2) Students 
sort based on size, or reason using 
size comparatives within groups.

ii.a (3) groups shapes on 
commonality rather than sorting 
based on attribute (e.g., cylinders 
have a circular face and therefore 
go with circles; a group of blue 
shapes and a group of green 
shapes)

ii.b.(4) sorts based on dimensionality 
without naming and as deepest 
level of grouping; 

(5) Students

Core 
concept

Core concept 
number

Simple description of 
subcomponent

Naming 
convention 

within LP

Subcomponent statement from originally defined core concept and 
targeted learning goal with defined elements that vary within it.

Themes from open coding with student examples. Synthesized descriptions after coding team reconciliation. Ordering is 
indicated through I, ii, iii progression, but further letter designations are not 
necessarily ordered.

errors and misconceptions seen by students at each level of skill

Qualitative Data Analysis: Conceptualization

3. Composition & Decomposition
Code Kindergarten Grade 1 Grade 2

F B T F B T F B T
SR.A.3.b Compose a two-dimensional composite figure or a three-dimensional composite figure using 

transformations (i.e., translations, reflections, rotations, and combinations of these).

2. Transformation
Code Kindergarten Grade 1 Grade 2

F B T F B T F B T
SR.A.2.a Recognize a two-dimensional figure that has 

been translated.
SR.A.2.b Recognize a two-dimensional figure that has been rotated.
SR.A.2.c Recognize a two-dimensional figure that has been reflected.

1. Shape
Code Kindergarten Grade 1 Grade 2

F B T F B T F B T
SR.A.1.c

Name two- and three-dimensional shapes.

SR.A.1.d Classify two- and three-dimensional shapes 
and describe their defining attributes,.

Evidence of Interconnectedness

Request for Feedback

Cognitive Interviews (Qualitative)

Please rate your level of agreement with the following statement:

– The reconciliation process for the qualitative cognitive interview data 
will allow MMaRS researchers to make conclusions about the 
conceptualization and interconnectedness of the learning progressions.

Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly 
Disagree

– If you selected "disagree" or "strongly disagree" please explain how the 
reconciliation process for the qualitative cognitive interview data could 
be improved to draw conclusions about the conceptualization and 
interconnectedness of the learning progressions.

Request for Feedback

Integration of Evidence

Please rate your level of agreement with the following statement:

– The integration of qualitative and quantitative data will provide 
meaningful evidence from which MMaRS researchers can draw 
conclusions about the validity of the learning progressions.

Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly 
Disagree

– If you selected "disagree" or "strongly disagree" please explain how the 
qualitative and quantitative data integration could be improved.
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Progress on Teacher Advisory Panel

• TAB 2019 suggested soliciting feedback from teachers who do not 
use workshop/stations instructional model

• Recruitment for summer 2020 sessions

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

Understand PrototypeDefine Test Tell

Empathy

Synthesis

Progress on Teacher Advisory Panel

• Meeting Session I

– Purpose: Introduce learning progressions

• Professional development session

– Design: Focus group discussion

• Meeting Session II

– Purpose: Continue to refine the use case

• Instructional grouping and communication

– Design: Storyboards and other HCD activities

Request for Feedback

Teacher Advisory Panel

Please rate your level of agreement with the following statement:

– The process for engagement with the TAP will allow MMaRS
researchers to share the importance of the learning progression 
constructs and further develop the use case for the assessments with 
teachers.

Strongly agree, Agree, Neither agree nor disagree, Disagree, Strongly 
Disagree

– If you selected "disagree" or "strongly disagree" please explain how the 
TAP process for engagement could be improved to share the 
importance of the learning progression constructs and further develop 
the use case for the assessments with teachers.

Submitting Your Feedback

• Answer questions in the word document attached to the email.

• Email your word document back to Toni at tbuttner@smu.edu by 
July 17th.


