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Executive Summary  

The purpose of this report is to describe the development of the interview protocols for the 
numeric relational reasoning (NRR) cognitive interviews. The cognitive interviews provide a key 
piece of evidence for empirically validating the hypothesized learning progressions for NRR of 
the Measuring Early Mathematical Reasoning Skills (MMaRS) project. This report details the 
development of the cognitive interview protocol and the supplemental fidelity of administration 
form. We used an iterative development process to create these interview protocols to verify that 
the knowledge, skills, and reasoning elicited during the interviews represented key components 
of the construct of numeric relational reasoning.  
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Numeric Relational Reasoning: 
Cognitive Interview Protocol 

Development 
Introduction 

The Numeric Relational Reasoning (NRR) construct is defined as the ability to mentally analyze 
relationships between numbers or expressions, often using knowledge of properties of 
operations, decomposition, and known facts (Baroody, Purpura, Eiland, Reid, & Paliwal, 2016; 
Carpenter, Franke, & Levi, 2003; Farrington-Flint, Canobi, Wood, & Faulkner, 2007; Jacobs, 
Franke, Carpenter, Levi, & Battey, 2007). Within the Measuring Early Mathematical Reasoning 
Skills (MMaRS) project, NRR was conceptualized to include three Targeted Learning Goals: 
Relations, Composition and Decomposition, and Properties of Operations. Figure 1 illustrates the 
structure of the NRR learning progression. 

 

Figure 1. Structure of the MMaRS Learning Progressions. 

Within each of the Targeted Learning Goals, multiple Core Concepts were articulated, as 
displayed in Figure 2. 

Targeted	Learning	
Goal

Core	Concepts

Subcomponents

Micro-
conceptualizations

•Relations
•Composition	and	decomposition	of	
number
•Properties	of	operations

•Ex:	Relations
•Comparison
•Ordinality
•Transitivity
•Representations	of	Order

•Ex:	Comparison
•Find	which	quantity	is	more/less
•Use	comparisons	to	benchmarks

•Ex:	Find	which	quantity	is	more/less
•Use	counting	and	matching	strategies
•Use	mental	images	
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Figure 2. Core Concepts for each Targeted Learning Goal in the NRR Learning Progression. 

For each Core Concept, detailed subcomponents were specified to provide greater specificity to 
the knowledge, skills, and reasoning underlying NRR. The overall NRR learning progression is 
intended to serve as a foundation for classroom assessment resources. Before relying on the 
learning progressions to inform instrument development, empirical evidence is needed to verify 
the learning progression. One source of evidence comes from cognitive interviews.  

In conjunction with other sources of evidence including the NRR Teacher Survey (Sparks et al., 
2020), the purpose of the cognitive interviews was to support or refute the conceptualization of 
content and ordering of the hypothesized learning progressions for NRR. By administering the 
cognitive interviews in a one-on-one setting with children in kindergarten through third grade, 
the MMaRS research team was able to gather evidence on prevalent student strategies used 
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within the NRR construct and evidence to evaluate the ordering and conceptualization of the 
hypothesized learning progression.  

The purpose of this technical report is to describe the development of the interview protocols for 
the NRR cognitive interviews. In addition, we describe the development of the supplemental 
fidelity of administration form. 

Research Questions 
The cognitive interviews were designed to address four research questions related to gathering 
validity evidence for the NRR learning progression. These research questions rely on data 
collected directly from the cognitive interviews and from the fidelity of administration form. The 
research questions include:  

RQ 1:  What level of evidence exists to confirm or disconfirm the ordering, content, and 
developmental appropriateness of the learning progressions? 

RQ 2:  What are characteristics of kindergarten, first- and second-grade students’ 
numeric relational reasoning within one-on-one cognitive interviews? 

RQ 3: What was the level of fidelity of implementation (fidelity by 
interviewer/observer)?   

RQ 4: What was the level of accessibility and comfort of students on all tasks within 
every learning progression?    

Table 1 describes the data use by research question. 

Table 1 
Data use by research question 
Research Question Data Use 
1 Cognitive Interview Data 
2 Cognitive Interview Data 
3 Fidelity Data 
4 Fidelity Data 

 
Cognitive Interview Protocol 

The purpose of the cognitive interviews was to evaluate the alignment between students’ actual 
reasoning skills associated with NRR and the hypothesized reasoning outlined in the NRR 
learning progressions. Students’ actual reasoning skills were elicited through the NRR cognitive 
interview protocol. Because of the importance of this protocol as a tool for gathering evidence, 
care was taken to verify that it was appropriately designed to measure the intended knowledge 
and skills.  

In this section, we describe the development of the cognitive interview protocol including the 
protocol structure, development processes, and the refinement steps through student tryouts. For 
more information on the development of the NRR learning progression, refer to the NRR 
Learning Progression Development technical report ( Tech. Rep. No. 20-02).  
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Protocol Structure 

We based the NRR interview protocol on the structure of the NRR learning progression as 
depicted in Figure 1. The interview protocol was designed to assess each subcomponent for the 
core concepts in the NRR learning progression. The interview protocol was structured in a linear 
manner to progress through each core concept sequentially. Also, the subcomponents were 
assessed sequentially to progress from least to most sophisticated.  

According to the hypothesized NRR learning progressions, some aspects of the subcomponents 
may vary depending on the grade level. For example, variations in the size of the number ranges 
were designed to account for the developmental appropriateness of students across grades K-2. 
The varied number ranges afforded students access to the content of associated activities 
regardless of student support level and grade level.  

In Figure 3, Green cells [cells marked with an X] indicate number ranges hypothesized to a 
particular grade level (National Governors Association Center for Best Practices, Council of 
State School Officers, 2010). Interviewers intended to adapt to the child in the interview by 
going one number range above or below the hypothesized number range for the grade level 
indicated in the Figure. The only exception was the upper boundary of 199. The protocols were 
not designed to accommodate numbers above 199.  

 0-5 0-10 0-19 0-50 0-99 0-199 

K X X X    

1   X X X  

Initial	development	of	the	protocol	items	

Internal	review	of	the	protocol	items	for	alignment	with	
the	learning	progression	and	appropriateness	for	the	
targeted	age	group

Continued	refinement	of	the	protocol	items	through	
iterative	improvements	

Item	try-outs	with	students	to	evaluate	feasibility,	
accessibility	for	students,	and	alignment	with	the	
learning	progression

Final	production	of	the	item	and	supplemental	materials	
for	administration
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2    X X X 

Figure 3. Number ranges assigned to each grade level.  

Development Process 

The MMaRS research team developed the NRR cognitive interview protocols. We created tasks 
to coincide with each skill statement within the subcomponents of the NRR learning 
progressions. Each task included student materials and assessor materials.  

The purpose of the tasks in the interview protocols was to assess student thinking on a particular 
skill and to develop an understanding of strategies, thinking processes, and reasoning that 
students use when solving problems related to these skills. Each task on the interview protocol 
consisted of (1) content question(s), which elicited the student’s understanding of a specific 
subcomponent, (2) scaffolding question(s) to assist a student that might be challenged by 
processing the content question, and (3) reasoning question(s) to better understand the student’s 
thinking and reasoning that underlie their response to the content question. Each task was called 
a protocol item. Figure 3 shows one protocol item for skill NRR.B.6.d. 
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The protocol items were created by two members of the MMaRS research team. Content, 
scaffolding, and reasoning questions were carefully designed to align with each subcomponent of 
the NRR learning progression.  

Following the initial development, two other members of the MMaRS team completed a series of 
independent reviews of the protocol items to verify the alignment of the content, scaffolding, and 
reasoning questions with the hypothesized learning progressions and appropriateness for the 
targeted age group. All student materials needed to administer the protocol items were evaluated 
for usability. The assessor materials were evaluated for feasibility of scoring. After each review, 
the items were further refined until the team was confident that they adequately represented the 
targeted subcomponents of the learning progressions.  

Refinement Process through Tryouts 

To further evaluate the cognitive interview protocols, we conducted tryouts with children in the 
targeted age ranges. Four students in Grades K-3 (one student per grade level; three female and 
one male) participated in a tryout version of the cognitive interviews. One core concept from the 
NRR learning progressions was assigned to each student, with the exception of Relations, which 
was assigned to two students. Tryouts were video recorded for future use with training of 
interviewers and observers. 

The initial developers of the protocol items served as the assessors for the tryouts. Observers 
were also present, and used a copy of the interview protocol to document timestamps, 
interviewer questions, and student responses. Timestamps were recorded to facilitate 
triangulation of student responses from observer notes and transcripts. If the interviewer 
rephrased a question, the observer noted the change in phrasing. Figure 4 also shows that the 
observer circled the second reasoning question and indicated that the second question listed was 
the first question asked. 
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Figure 4. Sample observer notes on a page from the composition and decomposition interview protocol. 

As a result of the tryouts, minor revisions were made to the protocol items and the number and 
ordering of the reasoning questions. Initially, two reasoning questions were included for each 
content questions. Because of the length of time taken for the students to respond to both 
reasoning questions, we decided to reduce the number of reasoning questions to one per content 
question. Reducing the number of required reasoning questions aided in shortening the length of 
the interviews.  

Additional revisions included logistical adjustments to reduce distractions. For example, during 
one of the tryout videos, a child’s marker consistently rolled off of the table so a specific location 
for the child’s marker was included during data collection. 

Fidelity of Administration Form 
To verify that the cognitive interview proceeded as expected, we created a fidelity of 
administration form. The purpose of this form was to gather evidence to address Research 
Questions 3 and 4: 

RQ 3: What was the level of fidelity of implementation (fidelity by 
interviewer/observer)?   

RQ 4: What was the level of accessibility and comfort of students on all tasks within 
every learning progression?    
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To inform these research questions, two members of the MMaRS research team drafted the 
Fidelity of Administration Form (see Figure 5). To address RQ3, questions prompted the 
observers to note if the assessor re-worded the protocol items or repeated the questions. To 
address RQ4, questions prompted the observers to evaluate whether the student seemed 
comfortable with the material and the specific components of the task.  

This form was intended to be completed during the cognitive interviews by a trained observer. 
The observer was expected to respond to all four prompts for each protocol item during the 
cognitive interview.  

 
Did the interviewer 
reword the question? 

Did the interviewer repeat 
the question? 

Did the student seem 
comfortable with the 
materials? 

How comfortable did the 
student appear with the 
task? 

0 - No      1 - Yes 0 - No      1 - Yes NA      0 - No      1 - Yes 0           1            2             3 
Not comfortable to Very 
comfortable                             

This column focuses on 
whether the interviewer 
re-worded the first part of 
the task, which is the first 
row within each new skill 
statement. You do not 
need to track whether the 
interviewer re-worded the 
reasoning question. 
 
Re-wording is considered 
changing significant 
language or structure. For 
example, changing 
“compose the number” to 
“make the number” would 
be considered re-wording. 
However, adding in “and” 
or “ok, so…” would not be 
considered re-wording.   

This column focuses on 
whether the interviewer 
repeated the first part of 
the task, which is the first 
row within each new skill 
statement. You do not 
need to track whether the 
interviewer repeated the 
reasoning question. 
 
Mark “Yes” when the 
interviewer repeats the 
question (on their own or 
if the child asks) because 
the child seems to not 
understand or not 
remember the question.  

This column focuses on 
whether the student 
seemed comfortable or at 
ease with the materials. 
You might want to 
consider these questions 
when determining how to 
respond in this column: 
• Did	the	student	seem	
to	know	how	to	use	the	
materials?	

• Did	the	student	act	like	
they	had	seen	the	
materials	before?	

This column focuses on 
whether the student seemed 
comfortable with the task. 
This response should 
reflect students’ interaction 
with the task. 
• Did	they	seem	to	
understand	what	the	
task	was	asking	them	
to	do?	

• Was	the	student	able	to	
easily	access	the	task	
and	demonstrate	their	
knowledge	(regardless	
of	whether	they	were	
correct	or	not)?	

Figure 5. Detailed description for each of the four fidelity questions for observers.  

Next Steps 
Final adjustments to the protocol items were made following the tryouts. Once these revisions 
were made and approved, the cognitive interview protocols were finalized. Final production of 
the protocol items included developing all of the student materials and assessor documents for 
administration of the cognitive interviews.  
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