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Abstract 

 

Triangulating Evidence to Investigate the Validity of Measures: 

Evidence from Discussion during Instruction, Cognitive Interviews, and Written Assessments 

 

By 

 

Kristen O‟Rourke Burmester 

 

 

Doctor of Philosophy in Education 

 

University of California, Berkeley 

 

Professor Mark Wilson, Chair 

 

 

Classrooms are a primary site of evidence about learning.  Yet classroom proceedings 

often occur behind closed doors and hence evidence of student learning is observable only to the 

classroom teacher.  The informal and undocumented nature of this information means that it is 

rarely included in statistical models or quantifiable analyses.  This research investigated whether 

or not whole-class discussions, focused on a single articulated learning trajectory, contained 

information that could be used as quantifiable evidence of student knowledge to better 

understand learning processes.  Specifically, the research considered what evidence of student 

knowledge was observable from three modes: whole-class discussions during instruction, 

cognitive interviews, and written quiz assessments.   

The theoretical framework of this study relied on the concept of learning progressions to 

integrate strengths of what are usually thought to be divergent approaches to educational 

research. Specifically, this framework included key aspects of formative and summative 

assessments, used qualitative and quantitative methods, and capitalized on both teachers‟ and 

education measurement researchers‟ notions of validity, to investigate consistency of multiple 

forms of evidence of student learning. The methods used in this study systematically connected 

instruction, learning, and assessment through a shared model of learning. This study focused on a 

model of learning in the domain of statistics in middle school mathematics. A trajectory of 

student learning was described in the Data Modeling and Statistical Reasoning learning 

progression, and the focus of this study was one dimension of the learning progression, the 

Conceptions of Statistics construct.  

Items, item archetypes, item sets, and parallel item sets were designed to elicit particular 

ranges of performances described in the construct map. In order to study the degree to which 
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consistency between student responses could be found, administration of the three instruments 

was tightly controlled to limit learning gains and losses over time. Decision rules were created to 

systematically establish units of analysis from discussion and interview responses that were 

comparable with quiz responses. Parallel interpretation guides were designed so that raters could 

score response units consistently across the assessment modes. Raters‟ scores were examined to 

investigate the reliability of response interpretations, and multimodal scoring was used to 

investigate the relationship between the three sources of evidence. 

Results suggest that evidence of knowledge observed in the three modes, while distinct in 

their levels of detail, consistently validated one other, and the learning construct itself.  Interrater 

score differences, kappa coefficients, correlations, and percent agreements were moderate to 

strong at every level of analysis, indicating that, when aligned in this way, interpretations of 

responses resulted in reliable scoring. Rater reflections noted that there were six factors that may 

influence the quality of evidence observed. Specifically, they were: the level of verbosity, 

interpretability, responsiveness to topic, uniqueness of contribution, and frequency and density of 

evidence affected the degree to which raters were confident in their determination of scores. 

Analyses comparing interview and quiz scores, discussion and quiz scores, and 

discussion, interview, and quiz scores found that the mean score differences were low and 

percent agreement was moderate to strong.  The analyses found that scores in the discussion and 

quiz had stronger consistency than either mode had with the interview. Similarly, correlations 

between the discussions, interviews, and quizzes across all students and all items indicated that a 

statistically significant correlation was found between discussions and quizzes, and discussions 

and interviews but not between interviews and quizzes. Those correlations were modest 

suggesting that although a positive relationship was found, they were not so highly correlated as 

to be considered equivalent. Overall, results from the study found that student responses in 

discussions, interviews, and quizzes could be consistently scored to determine students‟ levels of 

understanding. 

This work is a significant contribution to the field for a number of reasons.  This study is 

the first of its kind to apply the construct map as a tool for coordinating classroom discussions, 

assessment design, evidence interpretation, and analytical decisions. Further, this study relied on 

the use of assessments in classroom discussions as one of the three sources of evidence of 

student knowledge, and established a systematic process for collecting and analyzing both text 

and numerical data for quantitative analysis. Specifically, this study took a systematic approach 

to the interpretation and scoring of evidence so that nuanced scoring of evidence from interviews 

and discussions could be summarized into units of analysis comparable with quiz scores. Finally, 

this work is a significant contribution to the field because it supports making a shift in the means 

by which teachers and researchers look for and identify changes in student knowledge. 
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CHAPTER 1: INTRODUCTION 

 

Accountability policies in education require quantitatively-scored assessment data to 

monitor student achievement and teaching quality. However, instruction and learning which 

takes place between quantified assessments contains a wealth of information revealing the ways 

students learn and how students progress.  It is the aim of this research to investigate whether or 

not discussions focused on articulated learning trajectories contain information that could be 

harnessed to enhance our evidence of student knowledge so that teachers and researchers may 

better understand learning processes.  

Historically, classroom discussion information is usually only accessible to the classroom 

teacher. The informal and undocumented nature of this information means that it is rarely 

included in statistical models or quantifiable analyses. The importance of bridging different 

forms of assessment has been described by experts from across the field in seminal works such 

as Knowing What Students Know (Pellegrino et al, 2001), Assessment for Learning: Putting it 

into Practice (Black et al, 2003) and Towards Coherence Between Classroom Assessment and 

Accountability (Wilson, 2004). Scholars, such as Paul Black, Lorrie Shepard, Dylan Wiliam, and 

Mark Wilson, have written extensively about the need to establish a coherent assessment system 

using a shared foundation of a learning progression to link classroom-based formative 

assessments and accountability measures.  

While the authors suggest various mechanisms to make connections and expound the 

possibilities afforded by a coherent approach to assessment, they are careful to note the 

complexity of the work needed to link classroom evidence with other measures. For example, in 

Chapter 1 of Towards Coherence Between Classroom Assessment and Accountability, Wilson 

noted complexities such as getting instruction and assessment systems to “speak the same basic 

language regarding their educational goals” (p. 7), transferring knowledge to teachers about 

learning progression frameworks (p. 6), implementing new instructional practices that relate to 

learning progressions and assessment practices that relate to instruction (p. 6), “harnessing the 

flood of assessment information” (p. 3), and making “judgments available for outside scrutiny” 

(p. 6).  

This study is the first of its kind to grapple with these issues in a concrete way. In this 

study, I investigate whether evidence of student knowledge from student speaking in classroom 

discussions, is sufficiently robust, targeted, and able to capture ranges of student ability levels, to 

be used as evidence about how and what students are understanding in a quantifiable manner and 

how that evidence is related to other forms of assessment. 

 

Research Objectives 

Broadly, this research investigates what evidence of student knowledge could be 

interpreted from responses to different types of prompts, and whether or not those sources of 
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evidence produce consistent findings. Specifically the research asks, what level of interrater 

reliability is attained by independent rater interpretations of evidence in the three modes, and 

what, if any, is the relationship between evidence of student knowledge obtained from written 

quiz assessments, cognitive interviews, and student talk during instruction?   

The investigation includes four research questions and their subparts. The first question 

asks about the reliability of rater interpretations of evidence.  The next two research questions 

rely on validity analysis to investigate the consistency of interpretations of evidence in one-to-

one comparisons – assessment to interview, assessment to instruction.  The final question 

triangulates evidence from the three sources.  The hypothesis is that evidence of knowledge 

observed in the three modes, while distinct in their levels of detail, can be seen as validations of 

each other and of the construct. Appendix 1 contains a summary of research questions and 

associated methods. 

 

Question 1: What level of interrater reliability can be attained when scoring evidence of student 

knowledge from the three modes?   

In the quest to abstract the „truth‟ from multiple sources of data of student knowledge, 

this research relies upon methods for interpreting and qualifying data.  It could be argued that the 

methods for interpreting, parsing, and scoring data are subjective and may lack reasonable 

reliability. To respond to this criticism, this study investigates the degree to which interrater 

reliability is attained when multiple raters score students‟ utterances. The complexity of 

analyzing discourse may result in interrater reliability that is lower than traditional assessment 

reliability but given the processes described in this paper for tight alignment of the three sources 

of evidence, average levels of rater agreement might be found.  

 

Question 2: What, if any, is the relationship between evidence of student knowledge drawn from 

cognitive interviews and written quiz assessments? 

Assessment practices use sources of evidence such as cognitive interviews with students 

to investigate the validity of written assessment responses.  A validity analysis using interview 

response data is used to investigate the trustworthiness of written responses.  This strand of the 

study investigates validity, or consistency, in four ways by asking: (1) whether each student 

responded consistently to items (and item parts) in the interview and quiz, (2) whether each 

student responded consistently in the two modes across all items, (3) whether items provided 

consistent responses in the two modes across all people, and (4) whether students responded 

consistently to all items in both modes.  Items were piloted with a similar population of students 

so high levels of consistency between the two forms are expected. 

 

Question 3: What, if any, is the relationship between evidence of student knowledge drawn from 

class discussion instruction and written quiz assessments? 
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Assessment practices have not sought to validate written assessments using class 

discussion. This research investigates what evidence, if any, of student knowledge is available 

from conjecture-driven whole-class discussion instruction to validate responses from written quiz 

assessments. Methods from the first strand are replicated in this portion of the study to 

investigate validity, or consistency, in four ways by asking: (1) whether each student responded 

consistently to items (and item parts) in the quiz and discussion, (2) whether each student 

responded consistently in the quiz and discussion across all items, (3) whether items provided 

consistent responses in the quiz and discussion across all people, and (4) whether students 

responded consistently to all items in the quiz and discussion.  Procedures described in this paper 

ensure tight alignment of instruction and assessment so that the same validity methods used to 

relate cognitive interview evidence to written assessments can be applied to evidence gathered in 

discussions.  Since no other research has compared evidence of student understanding from 

discussions with evidence from written assessments, there is no established criterion of 

consistency. 

 

Question 4: To what degree can a triangulated relationship be established between evidence of 

student knowledge drawn from class discussion instruction, cognitive interviews and written quiz 

assessments? 

Concurrent data triangulation is defined as the concurrent use of quantitative and 

qualitative methods to gather multiple points of evidence to investigate the convergence, 

difference, or some combination of phenomena (Creswell, 2009). In this method, bias from any 

single point of evidence is compensated across multiple sources of evidence.  Since earlier 

portions of the study included validity analyses of the quiz assessment responses using interview 

evidence and a separate validation analysis of discussion evidence using quiz responses, this 

strand marries the results to investigate the consistency across all three modes of assessment.  

This section uses the triangulation method to investigate validity, or consistency, in by asking: 

(1) whether each student responded consistently to items (and item parts) in the three modes, (2) 

whether each student responded consistently in the three modes across all items, (3) whether 

items provided consistent responses in three modes across all people, and (4) whether students 

responded consistently to all items in the three modes.   

In addition to the triangulated validity analysis, an investigation of the nature of 

complimentary, consistent, or divergent relationships between sources is used to provide 

additional grounds for considering the relative strengths and weaknesses of the three sources of 

evidence.  Unlike traditional assessments that provide a snapshot of the student‟s knowledge at 

precisely the moment of administration, this work incorporates a broader set of evidence about 

student knowledge from across time and sources to investigate what students know. 
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Overview 

The next chapter, Chapter 2, situates this research in well-established traditions in 

education.  The theoretical framework described in that section examines how this study relied 

on aspects of qualitative and quantitative approaches, formative and summative assessment 

traditions, and teacher and researcher notions of validity.  Throughout this paper, and in detail in 

the next chapter, I describe a new approach to the study of student learning that bridges these 

approaches. 

Chapter 3 describes methods used in the Constructing Data Modeling Worlds project and 

in my study. First, I describe how the project challenged the notions of traditional teaching and 

formal assessment by creating a bridge that systematically interwove teaching and assessment.  

Next, I describe the goals of the project and the methods of my study with a clear focus on how 

theorized learning constructs were used to examine student engagement with statistical concepts. 

In this section I describe how the methods and the student population of my study have 

facilitated the collection of sources of evidence about student learning from traditional quiz 

assessments, cognitive interviews, and whole-class discussions.   

Chapter 3 also describes my analytical framework including the research cycle and use of 

multiple raters to investigate the replicability of scoring interpretations.  I describe how the 

alignment process was carefully managed and checked to facilitate the analytical work 

undertaken in this research.  Next, there is a description of how decision rules and statement 

guidelines were established to deal with complexities of these sources of evidence. Finally, I 

describe the computational structure used for analysis and rationale for the criteria used to 

evaluate results. 

Chapter 4 contains the results of my study.  This chapter has four sections that correspond 

to the four research questions. The first section examines interrater agreement using correlations 

and percent agreement between raters‟ scores.  I include a summary of rater reflections on their 

scoring.  The next two sections examine the degree to which a relationship was found between 

the pairs of evidence sources – interview to quiz and discussion to quiz.  The second and third 

sections use both quantitative results and examples to describe relationships between evidence 

that have been uncovered in the study. The fourth section investigates the relationship between 

all three sources of evidence.  Summaries are included at the end of each section to highlight key 

findings and to note anomalies with possible explanations.  

The last chapter is a discussion of the study‟s key findings and contributions to the field. 

This section notes issues and limitations of the work and suggests opportunities that await 

researchers who delve into this rich and largely untapped evidence about learning processes.  
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CHAPTER 2: THEORETICAL FRAMEWORK 

 

 The focus of study was to investigate the consistency of results gathered between 

multiple forms of assessment, in particular, evidence of student knowledge obtained from written 

quiz assessments, cognitive interviews, and student discussions during instruction. In order to 

accomplish these objectives, a theoretical framework was established that centrally relied on 

learning progressions and integrated aspects of what are usually thought to be divergent 

approaches to educational research.   

In this chapter, I review the essential elements of learning progressions and construct 

maps, which are tools used to represent the ideas of one or more dimensions within a 

multidimensional learning progression. I next describe how my theoretical framework draws on 

key strengths of different approaches to educational research and assessment: qualitative and 

quantitative methodologies, formative and summative assessment modes, and teachers‟ and 

educational researchers‟ approaches to validity. My characterizations of these approaches are not 

intended to be complete descriptions; instead I describe dominant norms and practices for the 

purpose of situating my study. I am attempting to demonstrate that a developmental perspective 

of student learning, described through learning progressions and construct maps, was the link 

that bridged these approaches. 

 

Learning Progressions and Construct Maps 

My approach relied on the “close interconnections among new theories of learning, 

reformed curricula, and new ideas about assessment” (Shepard, (2001) p. 26) to observe student 

understanding of particular concepts and skills in the midst of instructional sequences. In 

addition to placing value on individual processes of learning, the methods established in my 

dissertation explicitly linked what is valued in measurement with what is valued in the 

classroom. Underlying my approach was the careful alignment, via construct map performances, 

of curricular goals, instructional plans and activities, systems for determining how and when to 

elicit evidence, what to consider as evidence, and analysis of evidence of students‟ knowledge 

from within the classroom.   

There have been many definitions of learning progressions offered in recent years (CCII, 

2009; Duncan et al, 2009; Lehrer & Wilson, 2011; Masters and Forster, 1996; Wilson, 2005, 

2009) and generally definitions converge on the idea that learning progressions delineate a 

continuum of progressive learning within a domain (the 2009 Journal of Research in Science 

Teaching special issue on Learning Progressions exemplifies this convergence). However, few 

definitions specifically include aspects of learning beyond the content of the domain. For this 

reason, my study adopts the definition of learning progressions provided by Songer et al (2009) 

in the JRST special issue: “Learning progressions take a stance about both the nature and the 

sequence of content and inquiry reasoning skills that students should develop over multiple 

curricular units.”  The addition of inquiry reasoning skills is important for my study because it 
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acknowledges the contribution of communicating ideas in a structured manner as a valued aspect 

of evidence of student knowledge. 

In my study, learning progressions are the basic structure describing how multiple 

dimensions, or constructs, are related to comprise the domain of data modeling and statistical 

reasoning, and construct maps make those progressions explicit. As Wilson (2009) illustrated, 

learning progressions are sometimes described by a single construct map or more often 

comprised of multiple construct maps related in different ways.  

Construct maps, as I will use the term, are tools that describe the ordering of concepts, 

skills, attributes, or ideas along a continuum representing understanding from novice to expert. A 

simple or preliminary construct map may only consider the extremes and a few intermediate 

points of a domain, while a more highly developed construct map would be complex and able to 

articulate most of the variation seen within a domain (Wilson, 2005).   

Construct maps have a central role in my theoretical framework. The centrality of the 

constructs in my work meant that my study began with a learning progression, defined by 

construct maps, and frequently returned to the construct maps in the design of processes for 

teaching and measuring students. Item prompts, response interpretation, and use of evidence 

were tightly tied to the construct continuum. My method relied on the levels of the construct map 

as markers for expected learning and skills of focus in both teaching and measuring. Construct 

maps were used to design prompts for formative assessment conversations used in instructional 

discussions. They were also used to design assessments as conceptually-targeted prompts 

flexible enough for use in multiple forms of formal assessments, rather than as single-shot tests 

with multiple choice items. By linking both the instructional and assessment prompts to the 

construct maps, student responses to prompts in the different modes were consistently 

responding to particular concepts and skills.  

 

Formative – Summative Assessments 

The Bear Assessment System (BAS; Wilson, 2001) provided the structure for designing 

constructs, items, and interpretation systems used in my study. As Shepard (2000) points out, the 

BAS is not only an assessment system but “a rare example of a curriculum embedded, issues-

oriented assessment system developed to support classroom-level assessment that satisfies 

requirements for comparability across classrooms through scoring moderation and a system of 

link[ed] tests.” This section describes how formative and summative ideas were combined in my 

study to facilitate the collection and comparison of multiple sources of evidence about student 

knowledge.  

Before I describe my assessment approach, I need to define formative and summative 

assessments. Summative assessments have been defined as structured mechanisms used, either 

intermittently within instruction or apart from instruction, to gather evidence for analysis that is 

interpreted by raters outside of the classroom, in order to determine whether an individual 
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student has attained a certain level of competency and to make claims about their performance 

relative to others (NRC, 2001).  Common examples of summative assessments, and the types of 

summative assessments described in the NRC report, are large-scale assessments comprised of 

multiple-choice items that are administered and interpreted by external individuals or 

organizations using formal statistical models. Formative assessments have been defined as 

practices undertaken by individuals within the classroom, during instructional sessions, to gather 

evidence for the improvement of student learning or instructional decision-making. The 

definition is intentionally general so that it encompasses the more nuanced definitions of related 

terms such as classroom or diagnostic assessments (Black & Wiliam, 2001; Shepard, 2001), 

assessments for learning (Stiggins, 2001), and authentic, performance-based or educative 

assessments (Wiggins, 1998).   

Given these definitions, the assessment design in my study was a mixture of both 

formative and summative approaches. Specifically, I took a formative approach to the types of 

evidence of learning that were considered important, a balanced (formative and summative) 

approach to the ways evidence was captured, and a summative approach to the interpretation and 

use of evidence. The next few paragraphs explain this hybrid approach in more detail. 

My theoretical framework relies on a formative approach to what constitutes evidence of 

learning. Specifically, in my study I chose to value naturally occurring, authentic, and 

constructed student responses over closed forms of assessment. Since one form of assessment 

took place during instruction, student responses included the demonstration of different aspects 

of their knowledge that they brought to learning.  The expectation for authentic evidence of 

knowledge was mirrored in the unrestricted nature of interview responses and constructed quiz 

responses. Formative assessment approaches value these types of individual differences since 

they contribute to an emerging and nuanced view of the student. Further, unlike summative 

assessments that are intentionally generalized so that contexts of the learning environment do not 

interfere with comparability of evidence, my approach sought to  pay particular attention to the 

surrounding context of learning, such as subject matter content, instructional methods, and 

classroom environment by establishing construct-based links between instruction and 

assessment. Unlike the single-shots or snap-shots of knowledge taken in summative assessments, 

my approach continuously collected evidence of student knowledge over time.  In summary, in 

my study, decisions about what evidence to value were more aligned with a formative approach 

in that I chose to value continuously collected, naturally occurring, and authentically constructed 

student responses. 

Although there are substantial benefits to the ongoing and detailed evidence collected in 

formative assessments, there are also limitations of this informal approach to assessment. As 

such, my theoretical framework relied on aspects of both formative and summative approaches to 

the design of item prompts. As the prior section described, formative approaches prompt for 

evidence in a variety of ways, and while this is a strength of its approach it results in evidence 

that is difficult to link to other pieces of evidence.  In the approach taken by my study, item 
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prompts were restricted but student responses were not.  Specifically, prompts were issued in 

three formats: teacher-delivered question prompts, interviewer-delivered prompts and paper-

pencil quiz prompts.  While students were able to respond naturally to these different prompt 

formats, the prompts were focused and constrained by which content the prompt intended to tap 

and the educational approach implicit in the prompt.  

The freedom of response is more akin to a formative approach, and the constraint is more 

akin to a summative approach to item design. Discussion prompts are more difficult to constrain 

because they rely on the teacher to prompt, often repeatedly, for student responses. Discussions 

in this study followed a similar structure to instruction that uses argumentation (Osborne et al, 

2004; Strom et al, 2001) or carefully orchestrated discussions (Ball & Bass, 2000; O‟Connor & 

Michaels, 1996; Stein et al, 2008).  In these environments the teacher is expected to elicit student 

ideas and guide students in claim-making and inquiry reasoning.  This role often centralizes the 

concept that is being discussed and the teacher is responsible for keeping class discussion 

focused on the central concept. Similarly, delivering assessment prompts requires the teacher to 

continually centralize the concept and elicit student ideas and reasoning. In this way, assessment 

prompts are bounded by content but not limited by any particular format.  For example, the 

teacher may initially prompt the class verbally, but then represent aspects of the prompt 

pictorially or textually on the board.  In summary, item prompts in this study were a balance of 

formative and summative assessment approaches. Prompting was akin to summative assessments 

because prompts were bounded to a structure that centralized the concept of the item‟s intention. 

Prompting was also akin to aspects of formative assessments because prompts were often 

invisible to students as they occurred naturally in discussion and did not constrain teacher 

elicitation or student responses to any particular format.   

Finally, my theoretical framework relied on a summative approach to the collection and 

interpretation of evidence of student knowledge. While responses to formative assessment 

prompts are not normally collected for formal analytical purposes, in this study responses were 

formally and systematically recorded. The process for formally acknowledging evidence of 

student learning then allows for a formal process for interpretation. While teachers rarely 

evaluate student responses to formative assessments in a systematic way, in this study a 

standardized interpretation approach relied on construct-aligned guides to establish equivalence 

and numerical assignment.  While the numerical assignment could be used for quantitative 

analyses and for scrutiny of the assessments, the underlying evidence of learning was qualitative 

and, importantly, was still accessible to the analyst. In summary, evidence of student learning 

was formally collected and systematically interpreted in a manner akin to summative approaches 

to assessment.  The next section will consider the analytical methods employed in this study. 
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Qualitative – Quantitative Methods 

The hybrid approach to assessment described above did not dictate a method for analysis.  

In fact, this study intentionally gathered evidence that was both nuanced about student learning 

and uniform about what nuances were considered of value so that, although quantitative and 

qualitative methods are often used in isolation, this theoretical framework expands the 

opportunities for evidence of student learning to be used both qualitatively and quantitatively.   

Qualitative methods offer powerful views of students that investigate what students 

know, how they come to understand and what influences their learning. An emerging and 

nuanced account of the student often gives particular attention to the context surrounding the 

student such as the subject matter content, teaching method, and classroom environment. 

Examples, such as the raw video file Deborah Ball‟s mathematics classroom included in Journal 

of Research in Mathematics Education monograph (2008), indicate the affordances of having 

nuanced data and various interpretative structures for analysis. These detailed accounts of 

learning, if interpreted in a structured way, offer the benefits of qualitative investigations without 

the preclusion of quantitative analyses. 

Quantitative methods offer the possibility of powerful methods used to indicate the 

properties of the students and the items for comparisons. Mathematical models are used to 

analyze data for psychometric properties and to indicate a numerical score for comparing 

students. For example, results from quantitatively-scored standardized tests have been used to 

mark the proportion of students achieving a status of proficient or higher in mathematics or 

English language arts within classes, schools or the state. The summarizations are useful for 

establishing comparability across groups, but often are based on examinations that lack sufficient 

connection to the classroom and do not capture the underlying information needed for more 

detailed investigations.   

Obviously, there are cases where methodologists in one tradition employ methods from 

the other tradition. Qualitative methods may be employed by test makers to determine whether 

assessment items are appropriate for a population or whether student responses are being 

interpreted as intended, and quantitative methods may be employed by qualitative 

methodologists when seeking empirical support via summarizations of findings, investigation of 

correlations, or tests for reliability.  However, even when quantitative and qualitative methods 

are both used, they are rarely employed in a unified manner that maximizes information by using 

each method to lend insight into the other.    

In this study, the methods of analysis relied on a unified approach to data use and 

analysis so that evidence from multiple sources could be used in a complimentary manner to 

offer insights that neither one alone could provide.  As the prior sections have implied, evidence 

of student learning in this study was ultimately numerical. The numerical system facilitated 

quantitative analyses and scrutiny.  Yet the numbering system was based on categorical 

distinctions that contained meaningful details that could be used for qualitative analyses such as 

case studies, profiles of students‟ learning types, and pattern mapping. 
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In summary, my theoretical framework expanded the opportunities for evidence of 

student learning to be used both qualitatively and quantitatively and even in a unified manner. 

However, the benefits of construct alignment established in this theoretical framework did not 

conclude simply with analytical results.  The framework further described how various sources 

of evidence were commonly validated by teachers and educational researchers. 

 

Teacher – Researcher Approaches to Validity 

Teachers and educational measurement researchers rely on different approaches to 

validity.  For purposes of this study, validity is defined as the evaluation of soundness of 

interpretation and use of evidence from assessments. This broad definition encompassed the 

ways that both teachers and measurement researchers approach validity and facilitated the 

integrated view of validity used in this study. 

Teachers use evidence of student knowledge collected from a plethora of sources to make 

determinations about students including what students say and do during instruction, what they 

write in their homework, journal or notebook, or how they score on quizzes or tests (Coburn & 

Talbert, 2006, Dorr-Bremme & Herman, 1983; Shepard, 2006; Stiggins 2001).  When these 

sources of evidence agree with one another the teacher may feel confident in the interpretation of 

the student‟s knowledge.  When sources don‟t agree the teacher may ask the student probing 

questions in subsequent lessons, meet with the student individually, or they may use personal 

judgment to resolve conflicts.   

Educational measurement researchers often rely on formal assessment data to determine 

student levels of knowledge in particular domains. Unlike teachers who rely heavily on what 

students say or do during instruction as evidence of student knowledge, measurement researchers 

do not typically use data from classroom instruction as primary or secondary sources of 

evidence.  Evidence for validity of formal assessments has traditionally been based on internal 

and external test structure, meaning “the theoretical expected patterns of relationships among 

item scores or between test scores and other measures” (Messick, 1995, p. 743).  In order to 

investigate score meaning some researchers use evidence gained by “querying respondents about 

their solutions processes,” (p.743) such as think-aloud or cognitive interviews.  In the cases 

where the evidence from formal assessments and cognitive process interviews fail to agree, 

measurement researchers often posit theoretical shortcomings, denounce the assessment, or 

propose future work.   

Designers of learning progressions and constructs have sought to improve the process for 

deciding what evidence to attend to and how to interpret evidence by reifying what ideas and 

skills are critical components of learning concepts in a particular domain.  Constructs provide a 

roadmap suggesting what evidence to attend to. Constructs can be used as benchmarks for 

designing curriculum, and in turn for instructional lesson planning by teachers. Curriculum and 

instruction that is designed around learning progressions can be supportive of teachers‟ 
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elicitation of particular skills and used generally as an instructional guide. Teachers may design 

assessments to elicit those skills and in scoring may formally credit those same skills in written 

assessments.  Specifically, learning progressions may provide insight into student thinking that a 

teacher in the moment may not otherwise have had the capacity to fully internalize and readily 

incorporate into discussion (Black & Wiliam, 1998). Grounding the teacher‟s attention and 

interpretation of evidence in a construct serves as one form of validity (see Figure 1), and if 

documented formally, the consistency (or inconsistency) of evidence observed from instruction 

and assessment could serve as another form of validity.   

 

 

 

 

 

 

 

 

 

Figure 1: Role of Constructs in Teacher Validity 

 

The process of validation undertaken by teachers relies on different evidence than the 

validation processes used by measurement researchers.  Measurement researchers use constructs 

to design item prompts and to interpret responses.  In order to validate assessment claims, 

measurement researchers often rely on response process analysis (i.e., cognitive interviews) 

focused on the same skills as elicited by formal assessments.  Grounding the collection and 

interpretation of evidence in the learning progression or a construct map serves as one form of 

validity (see Figure 2), and the consistency (or inconsistency) of evidence observed in interviews 

and assessments serves as a secondary form. 
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Figure 2: Role of Constructs in Measurement Research Validity 
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As teachers and measurement researchers converge on a shared notion of skills or 

performances that are considered relevant in a domain, shared evidence from across the 

traditions might be used in conjunction with one another as complimentary forms of information. 

Multiple sources of evidence could form a triangulated set of data used to corroborate student 

levels of understanding (see Figure 3).  In the case of this study, a triangulation of three sources 

of data - written assessment, cognitive interview, and discussions within instruction - was used to 

investigate what students know in a particular domain and to examine qualities of the sources of 

evidence for drawing sound interpretations. In summary, the teachers‟ and educational 

researchers‟ approaches to validity could be expanded to include multiple sources of evidence 

through the centralized role of the construct in the processes of teaching and measuring. 

 

 
 

 

In conclusion, my theoretical framework centrally relied on learning progressions to 

integrate strengths of what are usually thought to be divergent approaches to educational 

research.  Specifically, this framework included key aspects of formative and summative 

assessments, qualitative and quantitative methods, and capitalized on both teachers‟ and 

educational measurement researchers‟ notions of validity, to investigate consistency of multiple 

forms of evidence of student learning. The explicit details about how this theoretical framework 

was implemented are described in the next chapter.   
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Figure 3: Role of Constructs in Triangulated Validity 
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CHAPTER 3: METHODS 

  

As I summarized in the previous chapter, the theoretical framework used in my 

dissertation relied on various elements of traditionally divergent approaches in educational 

research. I developed a set of methods that bridges these traditions and the purpose of this 

chapter is to describe these methods. To set these methods in context, I first describe the 

Constructing Data, Modeling Worlds project that provides the content framework for my study.  

Learning constructs play a central role in the Constructing Data, Modeling Worlds project and in 

my research.  I will describe the Statistical Reasoning learning progression and the Conception 

of Statistics (CoS) construct in detail. Next, I describe my study‟s participants and sources of 

evidence. One of the three sources of evidence was collected during classroom discussions.  I 

will describe how the unique characteristics of the discussions facilitated the collection of 

evidence of student learning.  Next, I will describe the design processes used to create items, 

interpretation guides (or rubrics), and to maintain critical links throughout my study. Finally, the 

analytical framework section describes my research cycle, how responses were interpreted, and 

the criteria I used to evaluate results.   

 

Constructing Data, Modeling Worlds Project 

This study is part of the Constructing Data, Modeling Worlds project (NSF 0337675, 

2004). The Constructing Data, Modeling Worlds (hereafter referred to as CDMW) project was 

an investigation of teaching and learning in middle school mathematics where students engaged 

in everyday statistical activities. The project developed a combined instruction and assessment 

system to integrate educational studies of learning about data and statistics with psychometric 

approaches to modeling student knowledge and skill in the domain of statistics. I was a member 

of the project team that included teaching and learning researchers, led by Rich Lehrer at 

Vanderbilt University‟s Peabody School, assessment researchers, led by Mark Wilson at 

University of California at Berkeley, and master teachers in the Nashville Public School District.   

The CDMW team designed a method of instruction called conjecture-driven whole-class 

discussions (Burmester, 2009; Lehrer & Schauble, 2005; Strom et al, 2001).  Conjecture-driven 

whole-class discussions introduced ways in which assessments could be embedded into 

instruction as pivotal questions to instigate and orient discussions.  The CDMW instruction 

focused on data modeling and reasoning and prompted students to pose questions about 

phenomena, identify and measure attributes, construct data, structure and display data, and draw 

inferences about data and statistics (Lehrer & Kim, 2009).  This instructional method will be 

described in more detail later in this section. 

The team also designed seven interrelated constructs.  Levels of the constructs were 

derived from learning design studies that investigated critical performances and common 

learning sequences for different dimensions of statistics. The seven constructs included the 
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definition of how students create data displays, conceptualize and use of statistics, model chance 

processes, and make informal inferences. A unified learning progression was created by defining 

the relationships between the seven constructs. The learning progression and constructs will be 

described in more detail later in this section. 

The CDMW team systematically connected instruction, learning, and assessment through 

a shared model of learning. Specifically, the work of teachers, teaching and learning research, 

and the design of the system of measurement were all aligned to the seven constructs of the 

learning progression. Teachers aligned instructional goals and in-class activities to the skills and 

performances described by the construct.  The teaching and learning experts aligned design 

experiments to the construct levels to investigate the ways the skills and performances were 

demonstrated by students and the order in which they occurred. Assessment researchers designed 

item prompts and methods for interpreting and analyzing student responses that were targeted to 

levels of the construct. These unique circumstances laid the necessary foundation for this study.  

This study was a response to the National Research Council‟s (2001) call to undertake 

research that connects new theories of learning, reformed curricula, and innovative ideas about 

assessment. Specifically, they recommended that research studies view student learning as a 

long-term progression and employ assessment as an instructional tool to observe student 

learning. The next few sections will provide details about how learning constructs, instructional 

methods, and assessments were used in this dissertation to fulfill these goals.  

 

Learning Progressions and Constructs 

Research in the way students engage statistical concepts has helped reveal important 

aspects of learning in the domain of statistics and has enabled the documentation of conceptual 

skills and performances that contribute to high-level statistical competency (Cobb et al, 2003; 

Lehrer et al, 2007; Lehrer & Romberg, 1996; McClain et al, 2002). The ordering of and 

connections between conceptual skills and performances in statistics is an important contribution 

to the growing understanding of how students learn in the domain of statistics (Petrosino et al, 

2003).  

Over a three year period, the CDMW team studied how students reasoned through 

statistics and designed models to describe how students learn and reason statistically using data. 

The models that describe how students learn were empirically constructed using student thinking 

vocalized in the class and provided in assessments over time. The theory of how students learn 

statistics was designed, not as a single unidimensional idea, but rather as intricately linked 

dimensions that, when placed side-by-side, formed a multidimensional progression of learning. 

Dimensions were described in construct maps that gave structure to the ways students organize, 

learn, and use different statistical concepts such as measuring, organizing, modeling, 

manipulating and visualizing data.   
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The team used the term construct to describe the theoretical ordering of concepts, skills, 

attributes, or ideas along a continuum meant to represent understanding within a domain from 

novice to expert.  While a simple or preliminary version of a construct may include only the 

extremes and a few intermediate points of a domain, a more highly developed construct is 

complex and articulates most of the variation seen within a domain.  The learning progression 

was used in the project and in my research as the central reference point for the design of a 

system that linked instruction and assessment.   

A truly embedded assessment system is not an assessment system per se, but rather a 

method of teaching that incorporates the foundational elements of assessment in the design, 

implementation, and redesign of everyday instruction.  According to the authors of Knowing 

What Students Know (Pelligrino et al, 2001), this type of system is the most advantageous and 

effective method for teaching and learning.  The authors pointed out that there were only a few 

such systems in existence, possibly, they conceded, because the development of a truly 

embedded system and the design of multidimensional learning progressions required a 

significant commitment of time, resources, and expertise.  They pleaded for more research in this 

area and specifically called for the development of an exhaustive embedded assessment system 

which would: (1) investigate multidimensional latent variables (or domains with significant 

complexity), (2) completely and seamlessly integrate with the instructional space, and (3) include 

mechanisms for a greater focus on formative or diagnostic in-class feedback.   Notably, most of 

the cases cited as exemplary embedded assessment systems relied on the construct as a central 

reference point linking instruction and assessment practices. 

In the project‟s work and in my research, constructs focused item development by clearly 

describing the performances targeted by items.  Construct-aligned item development helped to 

ensure that the collective set of items covered the full spectrum of performances. Next, 

constructs were used to provide guidance for decoding responses. Specifically, interpretation 

guides were designed to connect proposed responses, construct performances, and actual student 

responses for each item in each form of assessment. Finally, constructs were used to interpret 

results by providing a high-level view of how responses indicated student levels of 

understanding over time within the domain. Although constructs could have been used 

independently for teaching and measuring students, in this study the tight alignment of 

instruction and assessment through the construct facilitated the collection and interpretation of 

evidence across multiple sources.  

Data Modeling and Statistical Reasoning Learning Progression 

The CDMW program developed seven interrelated learning constructs as the basis of the 

Model Measure curriculum and the embedded assessment system. The constructs, or progress 

variables, were developed using empirical results from design experiments exploring the typical 

patterns of change as students learned to create and revise models of data. The series of 

constructs build upon each other beginning with a Theory of Measure (ToM), which introduces 

data modeling via measurement. The second construct, Data Display (DaD), traces the ways that 



 

 16 

students construct and read displays, beginning with an initial emphasis on cases and growing to 

demonstrate sophisticated reasoning about the properties of the aggregate. A closely associated 

construct, Meta-Representational Competence (MRC), considers ways students rely on 

representations to make claims about data and to consider qualities of representations. The fourth 

construct, and the focus of this research, is Conceptions of Statistics (CoS). This construct 

considers the ways that students come to recognize that statistics measure qualities of 

distribution and how students develop understandings of statistics as generalizable. The fifth and 

sixth constructs, Chance (Cha) and Models of Variability (MoV) describe modeling of chance 

events and modeling a distribution of measurements with chance devices, respectively. The 

seventh construct, Informal Inference (InI), describes ways students‟ draw inferences using a 

single sample or multiple samples.  While constructs were initially modeled independently, the 

theoretical framework implies that they are closely related with correlational and causal 

relationships. 

Conceptions of Statistics (CoS) Construct 

This dissertation focused on the Conceptions of Statistics (CoS) construct developed in 

the CDMW project. The CoS construct, shown in Figure 4, describes an increasingly complex 

understanding of the ways statistics can be used to summarize data, describe distributions, and 

notice trends (Lehrer et al, 2007).  The construct highlights the functions of statistics as ways to 

characterize and mathematize qualities of a data sample and the distribution of the sample, rather 

than the obligatory calculation of statistics.  The next few paragraphs describe the successive 

levels of the CoS construct. 
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Level Performances 
CoS4. Discuss 

population 

parameters by 

referring to 

statistics, and their 

sampling 

distribution. 

4(d) Predict and justify changes in a sampling distribution based on 

properties of a sample. 

4(c) Predict that, while the value of a statistic varies from sample-to-

sample, its behavior in repeated sampling will be regular and predictable. 

4(b) Recognizes that the sample-to-sample variation in a statistic is due to 

the chance process involved in measurement. 
4(a) Predict that a statistic‟s value will change from sample to sample. 

CoS3. Consider 

statistics as 

measure of 

qualities of a 

sample distribution. 
 

3(f) Choose statistics by considering qualities of a particular sample. 

3(e) Attribute magnitude or location of a statistic to processes generating 

the sample. 

3(d) Investigate the qualities of a statistic. 

3(c) Generalize the use of a statistic beyond its original context of 

application or invention. 

3(b) Invent a sharable measurement process to quantify a quality of the 

sample. 
3(a) Invent an idiosyncratic measurement process to quantify a quality of 

the sample based on tacit knowledge that other may not share. 
CoS2. Use statistics 

without relating 

them to qualities of 

distribution. 

2(b) Calculate statistics, but no evidence of focusing on function. 
2(a) Treat statistics as describing qualities of a specific case rather than 

summarizing the distribution of the whole data set. 

CoS1. Describe 

qualities of 

distribution 

informally 

1(a) Use visual qualities of the data to summarize the distribution. 

Figure 4: Conceptions of Statistics (CoS) Construct 

 

At level CoS1, students rely on visual inspection of the data but do not use statistics.  In 

these cases students might identify clumps, find generally the middle of the data, or discuss the 

amount of spread observed in the data. At level CoS2, students calculate statistics, but find it 

difficult to explain what these values imply about qualities of the distribution.  For example, a 

student may calculate the mean but does not relate the mean to the center of the distribution.   

At level CoS3, students see statistics as measures of qualities of a distribution, such as its 

center and spread. The initial step of this level starts with the invention of different ways to 

summarize qualities of a distribution. Eventually, students grow to understand the 

generalizability of statistics within different sets of data, and investigate the qualities of statistics 

so that they can anticipate how a change in the process generating a distribution of values will 

influence (or not) the statistic.  Students also exhibit the ability to choose appropriate statistics to 

summarize data.   

At level CoS4, students understand that statistics can describe both the distribution of a 

sample and also the distribution of sample-to-sample variability. For example, students may 

notice that the location of the mean is expected to change in repeat sampling, and begin to 
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discern that the variability of means should be less than the variability of the measurements 

within each sample. 

As earlier sections described, constructs served as the primary reference for teaching and 

assessing students in the CDMW project and in my study. Although constructs were defined at 

the beginning of the project, they were modified when empirical evidence suggested revisions.  

Conjecture-Driven Whole-Class Discussion Instruction 

Instruction in the CDMW project was unique in the ways the teacher integrated 

constructs as the basis of lessons and relied on questions, prompts, or launches to generate 

concept-targeted whole-class discussions. Conjecture-driven whole-class discussion instruction 

is a form of instruction that uses problem-settings, tasks, and activities to develop students‟ 

communication, sense-making, and reasoning skills.  Although it often has the format of an 

argument, conjecture-driven whole-class discussions do not have to maintain this format.  What 

is critical for this type of instruction is the use of conjectures and responses to conjectures in a 

whole-class discussion to maintain student thinking at its core.   A specific process for classroom 

communication is established around conjecture-making so that students make statements about 

the why or how of a phenomenon and are expected to support their claim with evidence.  The 

term conjecture is frequently used to minimally describe claim-making or a single final outcome 

but in this form of instruction, the term takes a wider meaning.  In an instructional setting where 

students are often novice with respect to content, conjectures can be fully developed ideas or 

guesses, and can be the process of positioning their own claim as different from the ideas of their 

peers.    

An important characteristic of what initiated the CDMW discussions were the carefully 

worded item prompts that generated open-ended responses about specific concepts linked to 

particular levels (or ranges) of the construct.  The discussion format allowed students to 

individually demonstrate understanding of mathematics and conceptual reasoning, which were 

able to be linked to student responses in other formats such as quizzes and cognitive interviews. 

In a related construct validity study (Burmester, 2010), I investigated written quiz and 

cognitive interview response modalities.  In that study, response process analysis was used in 

conjunction with written assessment results to investigate the validity of the CoS construct map.  

Some notable results from the construct validity study led to the current study that considers 

student utterances within classroom discussions as data, or evidence of student learning, to be 

investigated alongside other forms of student responses.  First, in the cognitive interviews a few 

of the students referenced what they had communicated to the class during classroom 

discussions. Second, the earlier construct validity study was thought to lack the nuance of how 

students moved through construct levels over time, and particularly over the instructional period. 

The earlier study discussed the need to investigate whether student utterances from these unique 

class discussions could be considered additional forms of assessment evidence used to comprise 

a more nuanced view of learning, and specifically whether methods for interpreting evidence 
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from spoken interview responses might be adapted for interpreting evidence from student 

utterances within conjecture-driven whole-class discussions.  

Sample and Evidence 

Sample Population 

The CDMW project focused on mathematics students in the middle school years (grades 

5-8).  My study was completed with one CDMW class of sixteen students from a Nashville 

public school with a predominantly minority population (76% African American, Hispanic, and 

Kurdish). The school served about 300 students in Grades 5-8 with 69% qualifying for free or 

reduced-price lunch.  Two of the three sources of evidence included the entire class of sixteen 

students. Six students, four female and two male, participated in the individual cognitive 

interviews.  Students were selected by the classroom teacher to provide the researcher with a 

range of mathematical abilities and levels of communicativeness.   

The classroom of this study had a primary teacher and a researcher-teacher who worked 

together to design and implement mathematics instruction and assessments.  Evidence used in 

this research relied only on classroom proceedings led by the research-teacher.  

Sources of Evidence 

In this study, three forms of evidence of student learning in statistics were used with 

middle school students: whole class quizzes, individual cognitive interviews and whole class 

discussions.  This section describes the administration context and instrumentation for each 

source of evidence, and how the content of these three otherwise distinct instruments was 

consistently paralleled to elicit responses focused on the same concepts. 

Written Quiz Evidence.  The written quiz assessment was designed to elicit open-ended 

student responses on concepts linked to particular levels (or ranges) of the construct.   Whole 

class quizzes were paper-based assessment instruments where students responded to prompts in 

writing.  Unlike many traditional paper-pencil assessments where multiple choice responses are 

used, the class quizzes for this study primarily relied on constructed-response items.  Students 

were able to produce original and authentic responses without the structured guidance of 

response choices.  This open-ended format was selected to allow participants to demonstrate 

what they understood of the statistics and to encourage high-level conceptual reasoning despite 

being administered on paper. The use of constructed-response items also facilitated linking quiz 

responses to interview and discussion responses, which were similarly open-ended. The full quiz 

instrument and an example of student work are included in the Appendices 2 and 3, respectively. 

Cognitive Interview Evidence.  Individual cognitive interviews were one-on-one sessions 

where students responded to prompts by talking through their thinking process aloud. The 

interviewer did not interject nor teach the interviewee. The role of the interviewer was to 

encourage the student to continuously think aloud. There was no expectation of correct or 

incorrect responses in the interview, rather the interviewer informed the students that she wanted 
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to understand how the student was thinking about and approaching prompts. The openness of the 

interview format allowed students to demonstrate their mathematical understanding and higher 

level conceptual reasoning, while mirroring the format of responses generated from constructed-

response items used in quizzes and discussions. The full interview instrument and a portion of 

transcript for one student in one item are included in Appendices 4 and 5, respectively. 

Discussion Evidence.  Discussion evidence was designed to prompt students to engage in 

discussions around concepts linked to particular levels (or ranges) of the construct. Discussions 

took place in the everyday classroom environment that students were accustomed to and took 

place with the entire class. The class norm encouraged and valued when students shared their 

thinking above the production of correct responses. The role of the teacher in these discussions 

was to orchestrate the elicitation of responses from every student and maintain the class‟s focus 

on the intended concepts.  The teacher‟s aim was not to lecture or praise correct responses. The 

teacher sought to gain insight into each student‟s thinking to grow the conceptual understanding 

of individuals and the class.  

The sections of discussion that corresponded to each item were designated by the 

initiation of a parallel prompt and continued until the topic shifted away from the conceptual 

intention of the prompt, a new prompt was initiated, or the class session was completed.  

Segments of discussion were demarcated by construct and located by timestamp to relate 

transcripts and video footage used for scoring. The analysis units in discussions were linked to 

quiz and interview responses based on the prompt and the resulting conceptually-focused 

responses.  Figure 11 contains a portion of discussion transcript for one item. 

 

Design Processes 

 This study relied on a carefully constructed design process to ensure the item prompts, 

student responses, interpretation guides, and analyses were consistently linked through the 

construct. The design processes described here were essential for the investigation of consistency 

of scores across students, items, assessment formats, and raters.  

Items Design 

Three parallel forms of assessment using items intended to span the range of 

performances of a single construct were used in this study. This section describes the design of 

construct-aligned items, item archetypes, item sets, and parallel forms of assessment. 

In this study, items were designed with clear links to ranges on the CoS construct. Items 

were designed as constructed-response or open-ended items that provided students in my study 

with an opportunity to demonstrate their reasoning ability. Unlike traditional items that are 

focused on a single correct performance and the student‟s attainment or failure to attain 

correctness, items in this study were designed to elicit responses along a wider plane so that 

more information about what a student knows could be gathered.    
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The design process for creating constructed-response items was a laborious and often 

collaborative process. Consideration was given to the types of statements that might represent the 

desired performances on the construct.  For example, if the response to the prompt is intended to 

indicate how well students are able to investigate the qualities of a mean, a high quality response 

would include some discussion about how the average of a distribution might change with the 

addition, removal, or alteration of a value. Alternatively quality responses would include 

discussion about the implications for a statistic, like the mode, if the altered value is found in the 

middle of a distribution or in the extremities. In both cases, the item prompt would need to ask 

the student to consider a particular statistic in relation to the rest of the data set. A scenario for 

eliciting those types of responses was written and unnecessary or ambiguous phrasing was 

stripped from the prompt through multiple revisions.   

The next step in the item design process was to consider how each scenario elicited 

responses to reflect levels of understanding linked to the construct. Proposed responses to each 

prompt were linked to ranges on the construct and multiple items were grouped so that, in 

combination, the set would capture the full range of performances within the CoS construct. 

Those items selected for grouping into the item set were those that elicited information that was 

wholly, or in large part, distinct from the others and as a result, item sets use as few items as 

necessary to adequately cover the full range of the construct. Less items are needed in 

constructed-response formats than in multiple choice formats because constructed responses 

provide details about the underlying reasons a student failed to respond correctly (indicating 

lower construct level placement) or additional details about conceptual structures for students 

who responded correctly (indicating higher construct level placement).  However, constructed-

response items usually take students longer to complete than multiple-choice items. Figure 5 

locates the observable construct levels from the four items, with a total of eighteen subparts, used 

to elicit responses to indicate students‟ abilities across the full spectrum of the CoS construct. 
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  Level Precision  Method  Median  Mean 

 

Observable level 
 

  4d         

  4c         

 4b         

  4a         

  3f         

 3e         

  3d         

 3c         

  3b         

  3a         

 2b         

 2a         

  1a        
 

Figure 5: Observable levels in the CoS item set 

 

With items that had been carefully defined by intention, scenario, possible responses, and 

construct-alignment, the next step was to design the item archetype that could be used to make 

parallel items. An item archetype is an outline of an item that is clear in its intention, approach, 

and construct-alignment, but is open for alterations in the content of the scenarios, figures, and 

prompts. As a result of this process, responses are unique but focused on the same skills across 

formats. Continuing with the item example from above, the item archetype that elicited students‟ 

investigations of the qualities of a mean was based on this item archetype: 

 

Scenario  

(A group of people) (each with a quantifiable amount of something) (decide to, are 

compelled to) (undergo an activity that will result in a group mean - mean is not 

computed in the scenario).  E.g., Students brought M&Ms to share with the group. The 

M&Ms were combined and given out to each person evenly so that each person got an 

equal number of M&Ms.   

Figure  

Amounts per person are displayed in an unordered table or unordered list. 

Prompt 

1. (Named person 1) (joins/is added) and adds to the (collection of quantified things). 

How many (quantified things) did (named person 1) add if the mean increased?  

2. (Named person 2) (joins/is added) and adds to the (collection of quantified things). 

How many (quantified things) did (named person 2) add if the mean decreased?  

3. (Named person 3) (joins/is added) and adds to the (collection of quantified things).  

How many (quantified things) did (named person 3) add if the mean stayed the 

same? 
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Item archetypes were used to define parallel items for each assessment format. For 

example, the items used in the quiz, interview, and discussion all asked students to consider what 

value could be added to the data set that would increase, decrease, or leave the mean unchanged. 

These prompts, although distinct in the formats they were administered, were all intended to 

elicit information about how students considered statistics as a measure of qualities of a sample 

distribution, or level 3 on the CoS construct map.   

In discussions, the teacher prompted the class by asking, “We know the mean is 28. We 

know there are 10 values, and we know their sum is 280.  Now, one more person joins. They 

bring their soda with them. I tell that person that when they join, the mean amount of soda per 

person can‟t change. What would that person have to bring so that the mean would remain 

unchanged”?  In the interview, the prompt described a situation with per person allotments of 

candies and asked students to determine the number of candies an additional student must have 

brought if the per person allotments to remain the same.  The quiz applied the same idea by 

asking respondents to consider what value one additional student‟s grade might have been that 

caused the “overall class average on the test to stay the same?”  In all three sources of evidence 

the conceptual prompts were focused on how new values added to a data set influenced the mean 

by leaving the mean unchanged. The items were unique in the objects quantified, why quantities 

were pooled, the names of students, data values, number of values, display format for values, and 

mode of administration. 

With parallel items, this study designed parallel item sets to target the same compilation 

of performances in the discussions, interviews and quizzes. One item set for each assessment 

mode was designed with four items per set. As Figure 6  shows, all items were designed to be 

linked through the construct and items in the discussion had parallel prompts in interviews and 

quizzes.  

 

Figure 6: Linked sets of prompts 
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 Finally, quiz and interview items were piloted with a small group of students and then 

quiz, interview and discussion items were field tested with a full class. The pilots surfaced a few 

unforeseen complications due to misinterpreted language, phrasing, and intention of the item.  

Analysis of responses from the item pilot administration was used as verification of high-quality 

item performance, as well as the basis for item revisions and expansions of example response 

descriptions. Although constructed-response items are typically used for formative assessment, 

in recent years these types of items have been added to large-scale standardized tests as well.  

The benefits of constructed-response items, such as having elicited more complex skills than 

could be elicited in multiple-choice items and a reduction in the number of items needed to cover 

the range of skills in the construct, were essential in this study since the same students would be 

assessed three times.  

Interpretation Guide Design 

Response interpretation followed a similar linking format to item prompts.  The linked 

design approach was consistently used throughout this study to ensure that parallel prompts that 

elicited parallel student thinking about a particular concept were interpreted using parallel 

interpretation guides. Methods for interpreting responses were designed and pilot tested a priori 

to ensure that parallel prompts could be scored via parallel interpretation guides.  One 

interpretation guide for one item in one mode is shown in Figure 7. The other eleven guides are 

included in the appendix. 

In this study, interpretation guides were designed to contain both a statement of the 

theory of the response types at each level, as well as example responses at each level, 

representing what might be said or written in student language.  By placing responses to an item 

alongside the construct levels, a necessary link was reaffirmed connecting constructs, items, 

responses, and interpretations. Construct levels were more easily understood by CDMW project 

teachers and by the raters in my study when student language was used as a tangible 

manifestation of the concept. The fine-grained nature of interpreting student responses and 

locating individuals within the construct enabled raters to acknowledge individual levels of 

understanding as a location within the larger path of learning. 
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ITEM 4: Influences on the Mean                                             Interview prompt: M&Ms 

Students brought M&Ms to share with the group. Each person brought as much as they had at 

home.  The M&Ms were combined and given out to each person evenly so that each person got 

an equal number of M&Ms.   
Student Number of M&MS each brought 

Robyn 25 

Jake 37 

Calvin 32 

Sasha 22 

Mike 19 

Lori 45 

a. Sara arrived and added her M&Ms, and the number of M&Ms each person got increased.  

How many M&Ms could Sara have brought?  (Show your work).  Solution: Any value 

greater than 30, value of 37 results in 1 more M&M per person (1 to 5)  

b. A different time, Timothy arrived and added his M&Ms, and the number of M&Ms each 

person got stayed the same.  How many M&Ms could Timothy have brought?  (Show your 

work) Solution: Any value equal to 30 (1 to 4, highest level cannot be achieved) 

c. Another time Brian brought in M&Ms, and the number of M&Ms each person got 

decreased.  How many M&Ms could Brian have brought?  (Show your work) Any value 

less than 30, value of 23 results in one less M&M per person (1 to 5) 

Conceptions of Statistics (CoS) for “Influence on the Mean” item 

Sc Levels Response Exemplars 

5 CoS4 

(c-d) 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the mean 

accurately; c) Predicts and justifies changes that would result based on changes to the 

sample; d) Notices that the behavior of the statistics is regular and predictable. 

 Part a “30 M&Ms per person.  She could have brought 31 or more.”   

Part c “30 M&Ms per person.  She could have brought 29 or less” 

 4 CoS3 

(c-f) 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the mean 

accurately; c) Changes the mean by calculating a single value but selects a value that is 

directionally correct. 

Part a “30 M&Ms per person.  She could have brought (any number 31 or higher).”   

Part b “30 M&Ms per person.  She could have brought 30.”   

Part c “30 M&Ms per person.  She could have brought (any number 29 or lower).” 

3 CoS3 

(c-f)- 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the mean 

incorrectly; c) Changes the mean by calculating a single value but selects a value that is 

directionally correct. 

Part a “28 M&Ms per person.  She could have brought (any number 29 or higher).”   

Part b “28 M&Ms per person.  She could have brought 28.”   

Part c “28 M&Ms per person.  She could have brought (any number 27 or lower).” 

2 CoS2 

(b) 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the mean 

accurately; c) Changes the mean by arbitrarily selecting values that are not directionally 

correct. 

Part a “30 M&Ms per person.  She could have brought 20.”   

Part b “30 M&Ms per person.  She could have gotten (any number but 30).”   

Part c “30 M&Ms per person.  She could have gotten 40.” 

2- CoS2 

(b)- 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the mean 

incorrectly;  

“Each person has 30 M&Ms.”  (student provides no additional answers) 

1 CoS1 Summary: Unable to interpret the context or approach the item. 

“0 because to stay the same just add zero.” 

 
Figure 7: Example Interpretation Guide for Interview Item 4 
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Analytical Framework 

 This section describes the research cycle, the use of multiple raters, the design of decision 

rules for discourse analysis, and computational decisions. 

Research Cycle  

The three sources of evidence used in this research were systematically designed to 

improve the collection of evidence that could consistently indicate levels of individual student 

knowledge.  Administration of the instruments was monitored to ensure that each component 

was completed before the initiation of the next component, meaning all students were presented 

with the same instruments in the same order having had the same content exposure.   

 

 

 

 

 

 

 

 

 

Discussion evidence used in this study was collected over ten days of instruction.  All 

seventeen students were present for instructional days, with the exception of four students who 

joined the class 20 minutes late on Day 8 due to state testing. Those four students were still used 

in the analysis. Upon completion of the instruction, six students participated in individual 

interviews. All six interviews were completed before students were presented with the written 

quiz assessment. Sixteen of the seventeen students completed the quiz, which reduced the 

matched sample to sixteen.   

Responses to the quiz instruments were electronically scanned. Discussions and 

interviews were videotaped and transcribed.  Transcriptions included details specifying which 

objects or representations were referenced by students but did not include socio-cultural aspects 

of the classroom or community such as building alliances or shifts in power that might be 

described in discourse analysis of a different purpose.  From these transcripts, relevant data were 

isolated based on a set of decision rules, which are elaborated in the next section.  Responses 

were interpreted and scored using procedures described in the next three sections. 

Decision Rules 

Prompts used in discussions, interviews, and quizzes resulted in different types of 

responses. Traditional quiz prompts elicited a few written sentences for each item. Quiz 

responses were easily related to an item but were often abbreviated responses due to writing 

requirements, space or time constraints, and difficulty communicating complex ideas succinctly. 

Discussion 

within 

Instruction 

(16 students) 

Cognitive 

Interviews 

 

(6 students) 

Written Quiz 

Assessment 

 

(16 students) 

Days 1-10 Days 11-12 Day 13 

Figure 8: Sequence of Instrument Administration 
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Cognitive process interview prompts allowed students to wander through their thought process 

and communicate orally with little or no restriction, which resulted in long transcriptions of 

student thought. Discussion prompts resulted in responses from multiple students simultaneously 

with interjections from students or the teacher.  Therefore a single student‟s discussion responses 

could be either too long or too fragmented for comparing with quiz responses. This section 

describes the methods I used to deal with the different response data from multiple prompt 

formats.   

Decision rules and statement taxonomy structures were created to consistently parse the 

extended monologues of interviews and bundle the fragmented utterances of discussions.  

Descriptions of parsing and bundling rules are shown in Figure 9 and Figure 10.  For example, a 

lengthy portion of interview transcript began with Amanda working through part 2 of the M&M 

version of the “Influences on the Mean” item.  Amanda became frustrated and decided to move 

onto part 3 of the problem.  Midway through part 3, she realized the answer to part 2 and 

switched back to answer part 2.  Her utterances documented her quick, thorough, and accurate 

response to part 2.  When this section of response was coded, decisions were made about how to 

parse and interpret the student‟s two distinct sections of responses while maintaining the 

integrity of the data. 

Since the ultimate goal of the research was to determine Amanda‟s knowledge state, 

rather than to uncover patterns of behavior or to diagnose missteps in learning, the earlier portion 

of transcript was less relevant than the later portion where she returned with clear understanding.  

Therefore, the decision rule for parsing used here, and in other similar situations, was the 

student’s own reconciliation. The student‟s own reconciliation is defined as the point of self-

determined completion with the problem.  Had Amanda failed to return to part 2, the knowledge 

level attributable to her interview response for this item would have been based on her earlier 

abandonment of the problem, resulting in a lower knowledge level. 

 

Parsing Description 

Student's 

own 

reconciliation 

The most relevant section of transcript is the student‟s own reconciliation or 

point of self-determined completion with the problem. 

Inconsistency Inconsistency within a response bundle requires reflection on the source of 

inconsistency (i.e., student was revoicing or repeating another student‟s idea).  

Determine the source of self-initiated contribution, and reduce weight of 

contributions where originating source of the idea is directly attributable to 

others.  If both responses by the student are validly attributable to that student, 

parse and code both units. 

Figure 9: Examples of rules for Parsing 
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Bundling Description 

Continuous 

thought 

Bundle a student's continuous thought as if there had been no interruptions. 

The contributions should logically cohere around a concept, method, 

procedure, line of thinking, and should be considered concluded when the 

student picks up a new line of thinking. 

Concept 

building 

Over multiple articulations, a student's set of contributions may further 

comprise the building of a single concept.  The direction and application of 

concept development may be inconsistent however they should be used as 

evidence of the continuation of a student's building of conceptual 

understanding.  These statements may be distally voiced or momentarily 

interrupted, but should all be bundled as referencing a single defined 

conceptual idea. 

Figure 10: Examples of rules for Bundling 

 

In whole class discussion of Item 4, response bundling was used to recombine pertinent 

evidence that may have been disjoined by another‟s utterances.    For example, in the section of 

transcript shown in Figure 11 decision rules about bundling were needed to make sense of 

Amanda‟s utterances about how addition of values to a data set influences the mean. Notice that 

Amanda‟s stream of thought is routinely broken by classmates‟ statements or questions.  Since 

each line of transcript contains only a fragment of Amanda‟s thoughts, scoring by transcript line 

would be insufficient.  Figure 12 shows how Amanda‟s fragmented discussion utterances were 

bundled into a continuous thought for response interpretation.   
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Figure 11: Original portion of discussion transcript from May 7th 

 

 

Figure 12: Portion of transcript from May 7 as Continuous Thought 

 

The following example describes both concept building in creating a response unit and 

considerations of the source of inconsistency within a response unit. The influences on the mean 

interview item listed six values that summed to 180. In order to answer the first part of the 

question, students had to compute the base mean of the data set as 30 before adding a new person 

and their contribution. Jerod‟s responses were bundled to comprise the ways that Jerod was 

building his concept of how a new person‟s contribution could be included in the calculation of 

the mean, and how it might change the mean.  Jerod calculated the base mean aloud, “25 plus, 

37, plus, 92, plus 22, plus 90, plus 45, equal to 180. And now they have one, two, three, four, 

five, six, and Sarah.  That‟s seven. So, 180 divided by 7 equals 25.17435. Hmm, let me try six. 

Line Student Statement 

79 Kara Why? You‟re adding nothing. 

80 Katie But you‟re dividing by a higher number. 

81 Amanda You are dividing by a bigger divider. 

82 Kara You‟re dividing by 11. So how come we get still 28? 

83 Michelle She‟s saying why are we adding zero when…She‟s saying it still equals the 

same thing. 

84 Teacher It still equals 280. 

85 Robin but you're still dividing by 11. 

86 Amanda So what we‟re doing…you want to put zero on there, so now there‟s 11 

values and … 

87 Teacher (teacher‟s disciplinary statement) 

88 Kara I don‟t know why you get a different answer when you add zero versus when 

you add 28. 

89 Amanda You don't have 10 numbers anymore, you have 11 now, cuz you are adding 

another number on here (pointing to the row of data points).  You don't have 

10 numbers anymore, you have 11 so you have to divide by 11.  

90 Kara But that's what you did with zero, but you still got different answers. 

91 Amanda Yes, cuz you add 0 onto the sum and you are adding one of the numbers to the 

number of values.  So it's, when you add 0 on here, you are doing this, you are 

putting one more number onto the value.  You are leaving this alone, cuz 0 

plus 280 equals 280, so that's what you are doing. 

Student Bundled statement 

Amanda (in response to a student who has not understood that when you add a person that 

brings nothing, you are adding a 0 to the numerator and 1 to the denominator)  You are 

dividing by a bigger divider.  You don't have 10 numbers any more, you have 11 now, 

cuz you are adding another number on here (pointing to the row of data points)… cuz 

you add 0 onto the sum and you are adding one of the numbers to the number of 

values.  So it's, when you add 0 on here, you are doing this, you are putting one more 

number onto the value.  You are leaving this alone, cuz 0 plus 280 equals 280, so that's 

what you are doing. 
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180 divided by six is 30.  So, each of them got 30. 180 divided by six is 30. So, each of them got 

30.” Then he further demonstrated his understanding of the concept by saying, “How many 

M&M could she have brought….hmmm, she could have brought six, I mean, she could have 

brought seven.  If she brought seven all by herself, She would have gotten 37 because 30, 

everybody has 30 right now.  So she brought 30 for herself, and then she got seven left and then 

everybody else have 30, so that she‟s going to divide them all up.  Give six more to the other six 

people so then, they‟ll all have 31.  And they won‟t be different.  So, I‟m thinking that she could 

have brought 37.”  

At the beginning of this response, Jerod has both incorrectly and correctly computed the base 

mean. Although this could be considered a case of a student‟s own reconciliation, it is also 

possible that the interviewer interjected to change the student‟s conceptual understanding.  The 

rule for inconsistency requires that the transcript be reviewed to determine the underlying source 

of the inconsistency. In this case, the correction was a self-correction and could be further 

analyzed according to the rule of the student‟s own reconciliation. Had the interviewer altered 

Jerod‟s thinking, then the earlier inaccurate calculation would be considered more authentic than 

the correction. So although response units did not typically contain utterances by multiple 

people, in this case, the interviewer‟s questioning was included in the scored unit: 

Jerod: 25 plus, 37, plus, 92, plus 22, plus 90, plus 45, equal to 180. And 

now they have one, two, three, four, five, six, and Sarah.  That‟s seven. So, 

180 divided by 7 equals 25.17435. Hmm, let me try six.  

Interviewer: Why are you going to switch? Why divide with six? 

Jerod: Because if you add Sarah to it, that‟s seven. But Sarah‟s coming on 

later. 180 divided by six is 30. So, each of them got 30. How many M&M 

could she have brought….hmmm, she could have brought six, I mean, she 

could have brought seven.  If she brought seven all by herself, She would 

have gotten 37 because 30, everybody has 30 right now.  So she brought 30 

for herself, and then she got seven left and then everybody else have 30, so 

that she‟s going to divide them all up.  Give six more to the other six 

people so then, they‟ll all have 31.  And they won‟t be different.  So, I‟m 

thinking that she could have brought 37. 

The inclusion of the nature of the interviewer‟s interjection demonstrated that the inconsistency 

was self-initiated and as a result the scoring would be considered together and as the student‟s 

own reconciliation, rather than the differential weighting of the parts as would have been in the 

case with an inconsistency initiated by another. 

Response Interpretation 

The previous section established consistent units of analysis across discussion, interview, 

and quiz responses. This section describes the procedures for interpreting responses for scoring.   
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Scoring of student responses from the three modes was done by two raters who were 

trained according to the following procedure. Both raters had experience teaching mathematics 

in urban schools. The first rater, the author of this dissertation, was an educator in California 

with a few years of classroom teaching experience. The first rater was a member of the CDMW 

team, and was familiar with the content of the domain and the form of instruction.  The first rater 

did not teach the study participants, but interacted with six of the students on two occasions to 

conduct cognitive interviews.   

The second rater was a lead teacher of multiple-subjects who taught for over thirty years 

in public city schools in New York. As a multiple-subjects teacher, she was not familiar with the 

statistical reasoning domain. The second rater was highly-regarded by her peers and 

administrators as an innovative teacher but she had no experience with the form of instruction 

used in this study. Although she taught in an urban environment with similar demographics, the 

second rater did not know any of the students in the study. The second rater was provided with 

an introduction to the program goals, the overall learning progression, and the CoS construct 

both verbally and in documentation.   

The two raters participated in a single day training session to practice scoring responses 

and check for scoring agreement. Responses for the training session were selected randomly 

from pilot sample data. Raters scored one response for each item in each mode in the training 

session. Raters‟ scores were compared after each item so that they could discuss response 

interpretations. From the time that the training session was completed until the completion of the 

scoring of responses, there were no other checks on score consistency or rater retraining. 

Response interpretation for each mode was performed separately, meaning, for example, 

that written quiz responses to Item 1 were scored at a different time than interview responses to 

Item 1 and discussion responses to item 1. The same raters scored all responses from the three 

sources since maintaining the same raters across modes is a critical control that reduces the effect 

of rater differences from the investigation of the different of assessment types.  For all raters, the 

interpretation of responses across the three sources of evidence was intentionally separated so 

that the rater could not benefit from or be tainted by how a student responded in one source of 

evidence when scoring a student‟s responses in another.   

While a classroom teacher or qualitative researcher doing case study research may 

intentionally combine sources of evidence to gain a more nuanced view of the learner, the 

decision in this study to maintain independent scoring across the sources was critical to the 

investigation of each data source as a standalone source of evidence of student learning. Scoring 

was completed in three phases but raters were expected to be as consistent as possible in the 

application of interpretation guides to student responses across phases.  Phase 1 was the scoring 

of quiz evidence. Raters were provided with copies of handwritten student responses to the quiz, 

one interpretation guide (or rubric) for each item and a scoring sheet template for inputting 

scores. Raters analyzed and submitted scores for the quiz before beginning the next phase. Phase 

2 was scoring evidence from the interviews. Raters were provided with audio recordings and 
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transcripts of the six individual cognitive interviews, copies of student written work, one 

interpretation guide for each item, and a scoring template for inputting scores. Raters scored 

interview responses and submitted them before beginning the next phase. Phase 3 was the 

scoring of evidence from discussions. Raters were provided with video recordings and transcripts 

of all pertinent discussions, a table of contents for locating item prompts within lessons, a seating 

chart of the classroom, one interpretation guide for each item, and a scoring template for 

inputting scores. Examples of the instruments, example responses, interpretation guides, and 

scoring sheets are in the appendix.  

 With the designation of response units and timestamps to locate relevant discussions, the 

process of scoring responses was expected to be quite similar for raters in the different modes, 

but the process was different in each response mode. Quiz responses had direct one-to-one 

correspondence between a single piece of evidence and a single box on the scoring sheet. When 

a rater scored part A of item 1 on the quiz, they used a single source of evidence to determine a 

single score and input that value into the scoring sheet. Interview and discussion responses did 

not always have a one-to-one correspondence between evidence, score, and value on the scoring 

sheet. Instead response units, established by bundling and parsing, often resulted in more than 

one unit per student that corresponded to an item part. All relevant response units were scored.  

Where a student-item-mode combination had more than one scored response unit, raters were 

responsible for summarizing multiple scores into a final score according to the interpretation 

guide.  

While only a single final score was input into the scoring sheet for each student for each 

item, the unit scores were captured on the transcripts and could be used for future analysis. The 

rationale that each scorer used to translate multiple unit scores into a final single score was not 

explicitly captured. This might suggest revisions to scoring sheets to more carefully document of 

the response unit scores assigned and the decisions for how raters moved from multiple bundled 

or parsed response units into a final item score.  

The scoring process took each rater a total of five days to complete, totaling 25 hours per 

rater. There was a lapse of a few days to a week between each phase, which was important to 

ensure a fresh perspective on the new form of evidence.  A debriefing session was completed at 

the end of the three phases to document rater thoughts about the complexity of the task and their 

confidence in assigning student levels.  

Analytical Agenda  

Earlier sections in this chapter described the systematic procedures for linking items, 

administering prompts, establishing response units, and scoring responses. This section provides 

details about the data structures and analytical methods used to respond to the four research 

questions. 

Section 1 of the analysis responds to research question 1, which asked what level of 

interrater reliability can be attained when scoring evidence of student knowledge from the three 
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modes. This analysis investigated the replicability of rater interpretations of evidence (i.e., 

scoring) using scores of the six matched-set student responses from discussions, interviews, and 

quizzes determined by two trained raters. Table 1 displays the data structure for two raters‟ 

scores, for six students in three modes for twelve item parts. The raters‟ scores were analyzed to 

determine the level of interrater reliability within each mode and across modes.  Raters‟ scores 

were compared by calculating differences, mean differences, kappas, correlations for the overall 

instrument (all items, all students), by item (across all students), by student (across all items), 

and by item and student.  A percent agreement rater analysis, and in some cases the kappa 

statistic, were used to measure how consistently two independent raters could interpret student 

work.  This analysis was used to discuss areas of consistency, inconsistency, rater confidence 

ratings, and propose revisions. 

   

Table 1: Data structure for Rater scores 

  Rater 1 Rater 2 

Student Item Quiz Interview Discussion Quiz Interview Discussion 

Amanda 1 A       

  1 B       

  1 C       

…
 

…
       

Robin 4 A       

  4 B       

  4C       

 

 

Section 2 of the analysis responds to research question 2, which asked what, if any, is the 

relationship between evidence of student knowledge drawn from cognitive interviews and 

written quiz assessments?  In this section, responses scored by the first rater were compared for 

paired items administered in written quiz assessments and cognitive interviews. Through the 

linking methods described above, paired items were scored with parallel interpretation guides 

using a common lens of the Conceptions of Statistics learning construct. In order to respond to 

the objectives of the second strand of the study, item response scores were grouped by 

respondent by item by mode as shown in Table 2.  
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Table 2: Data structure for 6 students, 12 item parts, Interview and Quiz 

 Student  Item Interview Quiz 

Amanda 1 A   

  1 B   

  1 C   

…
 

…
   

Robin 4 A   

  4 B   

  4 C   

 

Differences between a respondent‟s quiz and interview scores were computed and 

analyzed to investigate whether each student responded consistently to items and item parts in 

the two modes.  Amanda‟s responses, for example, on item 4, parts a-c on the quiz were 

compared to her interview responses as the absolute value of the difference between the two 

scores. An average of the three item part differences was computed as an overall mean difference 

for the item. The process was replicated for each item and a grand mean difference was 

computed across all four items. A difference of zero indicated that the student consistently 

scored at the same level in the two modes.   

 

Table 3: Data structure for differences in item 4, parts A-C by Student 

Student 4A 4B 4C 

Mean  

Difference 

Amanda 0.0 0.0 0.0 0.0 

Jerod     

Judah     

Katie     

Michelle     

Robin     

     

In order to investigate whether students responded consistently in interviews and quizzes 

across all items, a grand mean difference for each student was calculated from the mean 

differences by item. This summary averaged the twelve scores for one student in the interview 

and subtracted that average from the average of the twelve scores for the same student in the 

quiz. Table 4 displays the data format for the overall differences by student. Values closer to zero 

indicate higher levels of consistency across the modes for students on all items.  
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Table 4: Data structure for score differences by Student 

Student 

Interview 

Mean Score 

Quiz 

Mean Score 

Mean Score 

Difference 

Amanda    

Jerod    

Judah    

Katie    

Michelle    

Robin    

 

Table 5 summarizes the data layout for investigating whether items provide consistent 

responses in two modes across all students. This summary represented where items in the three 

modes have or have not been consistent across the students. Averages for the six student scores 

for each item in one mode were subtracted from the average of the same six students‟ scores on 

the item in the other modes, and the absolute value was taken of that result. Values closer to zero 

represent greater consistency.  

 

Table 5: Data structure for score differences by Item 

Item 

Interview 

Mean Score 

Quiz 

Mean Score 

Mean Score 

Difference 

Item 1    

Item 2    

Item 3    

Item 4    

 

The last section includes an analysis of how consistently students responded to all items 

in all modes.  This summary compared the overall mean score across all students and all items 

from the quiz with the overall mean score across all students and all items from the interview. 

Values closer to zero indicated less difference between overall scores in the two modes. 

 

Section 3 of the analysis responds to research question 3, which asked what, if any, is the 

relationship between evidence of student knowledge drawn from class discussion instruction and 

written quiz assessments?  This analysis used scores determined by the first rater for responses to 

sets of parallel item prompts administered in written quiz assessments and orally in discussion-

based instructional units for the full class of sixteen students.  Evidence of student knowledge 

from both formats was viewed through the common lens of the construct and decision rules were 

applied so that interpretations and scores could be used to investigate the consistency of the 

evidence.  Discussion responses were formatted by student by item, and scored.  The scored data 

was structured as student by item by mode as shown in Table 6.  Data structures from Section 2 
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(Table 3-Table 5) were adapted for quiz and discussion responses.  Mean differences between 

scores were computed and analyzed to answer the four subparts of the research question as had 

been done in Section 2. 

 

Table 6: Data structure for 16 students, 12 item parts, Discussion and Quiz  

 Student  Item Discussion Quiz 

Amanda 1 A   

  1 B   

  1 C   

…
 

…
   

Vern 4 A   

  4 B   

  4 C   

 

Item Response Modeling was also used to investigate items and student abilities in 

discussions and quizzes.  A Partial Credit Rasch model (Masters, 1982) was fit to the data using 

ConQuest Generalized Item Response Modeling software (Wu, Adams, Wilson & Haldane, 

2007).  First, response data for sixteen students was used to estimate student abilities and item 

difficulties on the quiz. Then item difficulties from the quiz were used to anchor item difficulties 

and estimate abilities for the same sixteen students in the discussion. Despite the small sample 

size the computation ran without issue. Parameter estimation was expected to have lower 

reliability for the discussion than the quiz as a result of item anchoring. Fit statistics were 

generated and analyzed. Item difficulties and student ability estimates were visually represented 

on a Wright map for all students on all items in discussions and quizzes.  

Wright Maps of students‟ response levels highlight the consistent or inconsistent 

performance attainment for each individual student.  This type of analysis allows for claims 

about the ability of the items and modes to consistently place students at construct levels.  The 

validity argument is strengthened when a student can be consistently placed on the construct, no 

matter which item or which mode is being used for ability placement.  Although this analysis can 

facilitate the identification of cases where students consistently fit a particular construct level, it 

is perhaps most interesting when, conversely, it facilitates the identification of misfitting 

students, which can be analyzed more deeply to investigate patterns within or between items, 

modes, or across a student‟s responses. Examples of consistent and inconsistent respondents are 

used to illustrate misfit across the modes.   

Section 4 of the analysis responded to research question 4, which asked to what degree a 

triangulated relationship could be established between evidence of student knowledge drawn 

from class discussion instruction, cognitive interviews and written quiz assessments? This 

analysis used response data scored by the first rater from discussions, interviews, and quizzes in 

a sequential between-methods triangulation of equal-status independent measures. Between 

methods triangulation is defined in this work as a means of mutual validation that requires 
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multiple forms of evidence about a phenomenon be independently collected and scored before 

analysis begins.  As a check on validity the between-methods approach embraces the notion of 

convergence between independent measures of the same objective.  Analysis of triangulated data 

may result in one of three possibilities, either results (1) converge/confirm, (2) 

complement/supplement, or (3) diverge/contradict.  The collection of evidence in this study, 

while proximal, was considered sequential as procedures were in place to ensure non-

overlapping data collection.  Measures and responses were considered of equal-status because in 

the collection, scoring, and analysis none of the formats were privileged over the others. Finally, 

measures and responses were considered independent because each instrument, while construct-

aligned as a content objective, was unique in the content of the scenario and response format.  

For the three mode analysis, data in Table 7 were structured for student by item by mode which 

married scored data from the prior two analysis sections.   

 

Table 7: Data structure for 6 students, 12 item parts, Discussion, Interview and Quiz 

 Student  Item Discussion Interview Quiz 

Amanda 1 A    

  1 B    

  1 C    

…
 

…
    

Robin 4 A    

  4 B    

  4 C    

 

Analyses of differences were computed and analyzed to answer the four subparts of the 

research question similar to those shown in earlier sections, this time with differences computed 

between all three modes.  To investigate whether students responded consistently in the three 

modes across all items, the grand mean difference for each student was calculated from the mean 

differences by item.  The summary in Table 8 averaged the four item scores in one mode for one 

student and subtracted that average from the average of the four item scores in the each of the 

other modes. Values closer to zero indicate higher levels of consistency across the modes for 

students on all items.  
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Table 8: Data structure for overall differences by Student 

Student 

Discussion- 

Interview 

Difference 

Discussion- 

Quiz 

Difference 

Interview- 

Quiz 

Differences 

Overall 

Difference 

Amanda     

Jerod     

Judah     

Katie     

Michelle     

Robin     

 

Evaluation Criteria  

This section articulates the criteria used to evaluate results.  The criteria used in this study 

were established through an analysis of standards used at testing organizations such as the 

Educational Testing Service (ETS), National Center for Educational Statistics (NCES), National 

Center for Research on Evaluation, Standards, and Student Testing (CRESST), and Pearson 

Education, to evaluate the reliability of rater scoring on constructed responses and multimodal 

scoring of constructed-responses.   

ETS, for example, issued Guidelines for Constructed-Response and Other Performance 

Assessments (Baldwin, 2005) that, among other topics, specifies procedures for scoring 

responses and confirming consistency between raters.  ETS guidelines include variations for 

assessments of the same or different samples of students, in the same or different response 

modes, scored using the same or different scoring rubrics, by single or multiple raters.  In most 

constructed-response tests administered by ETS, a one point difference between raters is not 

treated as a discrepancy needing resolution (Pollock, 1997). The guidelines for the same students 

responding to parallel prompts in different modes, scored by multiple raters using the same 

scoring rubric, and specifically a 4 or 5-point scale, requires that a minimum of 50% of the 

scores are an exact match or agree within a point (Baldwin, 2005). NCES‟s National Assessment 

of Educational Progress (NAEP) criteria are more stringent.  NAEP items scored on 4 or 5-point 

scale require 75% exact agreement between raters in order to be considered adequate (NAEP 

Technical Documentation, 2010).  Similar criteria for adequacy of agreement between 50% and 

80% are documented for Pearson‟s Developmental Reading Assessment (Williams, 1999), 

NCES‟s National Education Longitudinal Study (Pollock, 1997), and CRESST‟s scoring of 

Narrative Collections (Novak et al, 1996).   

The criteria for agreement, correlation, and mean score differences used to evaluate 

results in this study were at least as stringent as the criteria specified in the aforementioned 

reports. The tight alignment between prompts, response units, and interpretation guides and the 

training procedures used in this study were expected to improve the level of rater consistency 

attained. However, the subjective nature of interpreting constructed responses, and in particular 
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in interpreting constructed oral interview and discussion responses were expected to reduce the 

level of consistency attained.  

Table 9 specifies the criteria used in this study. Criteria for strong reliability included 

correlations greater than or equal to 0.80, exact agreement of 80% or more, and agreement within 

1 of 90% or more. Criteria for moderate reliability included correlation between 0.60 and 0.80, 

exact agreement of 50-80%, and 80-90% agreement within 1 distinction. Criteria for weak 

reliability included correlation below 0.60, less than 50% exact agreement and less than 80% 

agreement within 1 distinction. Evaluation of the strength of the relationship relied on the joint 

interpretation of these metrics rather than on any single metric.  

 

Table 9: Criteria to evaluate consistency between raters  

Criterion Correlation % Agree 

% Agree 

Within 1 

Strong ≥ .8 ≥ 80% ≥ 90% 

Moderate 0.6-0.8 50-80% 80-90% 

Weak  ≤ 0.6 ≤ 50% ≤ 80% 

 

In this study, the criteria for evaluating consistency between scores on different 

assessment modes was largely replicated for evaluating consistency between raters because in 

both situations an expectation of consistency was built into the study methods. In addition to 

correlations and percent agreement, comparing scores across multiple modes was evaluated 

using mean score differences and overall mean differences.  Criteria used to evaluate mean 

differences on the 4- and 5-point scale qualified differences less than or equal to 0.5 as small 

indicating strong consistency, between 0.5 and 1.0 as moderate, and over 1.0 as substantial 

indicating weak consistency. Criteria for strong indications of consistency included mean 

differences less than or equal to 0.50, agreement of 80% or more within half a distinction, and 

greater than or equal to 90% agreement within 1 distinction. Criteria for moderate consistency 

included mean differences between 0.50 and 1.0, agreement of 50-80% within half a distinction, 

and 80-90% agreement within 1 distinction. Criteria for weak consistency included mean 

differences greater than 1.0, less than 50% agreement half a distinction, and less than 80% 

agreement within 1 distinction. Evaluation of the strength of the relationship relied on the joint 

interpretation of these metrics rather than on any single metric. 

 

Table 10: Criteria to evaluate consistency between scores in different modes 

Criterion 

Mean of 

Differences 

% Agree 

Within 0.5 

% Agree 

Within 1 

Strong ≤ 0.5 ≥ 80% ≥ 90% 

Moderate 0.5-1.0 50-80% 80-90% 

Weak > 1.0  ≤ 50% ≤ 80% 
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These criteria were not intended for high-stakes decisions. In this study, criteria were 

used to indicate where raters, students, items, or modes were found to be inconsistent.  The study 

was intentionally designed to reduce differences by thoroughly linking instructional and 

assessment elements to the CoS construct and by implementing a strict research cycle. Criteria 

described in this section were designed to highlight the extent to which inconsistencies were 

found so that claims could be made about the qualities of different sources of evidence. 
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CHAPTER 4:  RESULTS 

Section 1:  Interrater Agreement 

 Scoring student responses in a sound way relies on having a program that systematizes 

judgment, but even so, a fair amount of subjectivity remains.  This study sought to reduce the 

level of subjectivity by creating interpretation guides that explicitly denote the types of responses 

that could be expected and how those responses might be interpreted, as well as by having a 

comprehensive training procedure. The interpretation guide is not expected to capture every 

variation in student responses, but attempts to provide common examples.  The design of robust 

examples is particularly challenging when considering the expected variation from three 

different assessment modalities. Separate interpretation guides for each item and mode 

combination were created to reduce the subjectivity and enable multiple people to make 

interpretative decisions about student knowledge.  

This section analyzes the scores determined by two raters trained according to the 

procedures described in the methods section above. Correlation is used to describe the 

relationship between the scores given by one rater relative to the other rater for each student in 

each mode, but it does not consider whether or not the same scores were actually given by the 

two raters.  To investigate the numerical agreement of scores from the two raters, percent 

agreement was also used as a secondary indication of consistency. Since differences between 

raters may be prone to some form of systematic error by student or item or mode, it is necessary 

to investigate rater reliability in multiple ways – overall, by mode, by item, and by student. 

Locations of most and least consistency between raters are noted and a reflection on the process 

of scoring is included at the end of this section. 

 

Overall Rater Agreement 

This section of the study compares the scores between two raters for student responses 

for all students and all items within discussions, interviews and quizzes.  

Table 11 displays the correlation between rater scores by mode. Correlations between 

rater scores were found to be strong at 0.90 for discussions, and 0.95 for interviews and quizzes.  

The percent agreement was also calculated to compare the scores between the two raters. Exact 

agreement was 73% for the discussions, 84% for interviews, and 91% for the quizzes. When the 

restriction was loosened so that scores within 1 distinction were included, agreement increased to 

over 95% for all three modes.  Cohen‟s kappa was computed to correct for chance in the overall 

rater agreement for each mode and resulted in kappas of 0.71 for discussions, 0.77 for 

interviews, and 0.84 for quizzes. Since the scoring categories are ordinal, a weighted kappa is 

more appropriate as it considers the concordance of scores in the matrix.  Weighted kappa results 

were 0.83 for discussions, 0.90 for interviews, and 0.92 for quizzes. With the exception of a 

moderate proportion of exact agreement found in discussions, interrater agreement was strong in 
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the three modes of assessments. Reliability results improved for agreement within one distinction 

and weighted kappas, which suggests that the nature of the inconsistency was often raters 

differing by one scoring level. This is likely to have occurred when, in a rater‟s judgment, the 

student demonstrated performances that extended beyond a single level or did not completely 

fulfill the specifications of any one level. 

 

Table 11: Interrater Agreement for 3 modes 

Mode Correlation % Agree 

% Agree 

Within 1 

Discussion .90 73% 96% 

Interview .95 84% 95% 

Quiz .95 91% 97% 

 

Rater Agreement by Student 

Levels of consistency between raters were also analyzed by student for each mode. The 

next three tables display the levels of agreement between the raters‟ scores for each student in the 

discussion, interview and quiz. Scoring agreement data by student showed that correlations 

ranged from 0.66-0.96 in discussions, 0.87-0.99 in interviews, and 0.80-1.0 in quizzes. Amanda, 

Jerod and Robin had correlations of .91 or higher across the discussions, interviews, and quizzes.  

Correlations varied across the three modes and were below 0.8 in at least one mode for Judah, 

Katie and Michelle.  The lowest correlation for any of the students in any of the modes was still 

moderate at 0.75.   

Agreement between raters‟ scores for students in each mode was also used to determine 

the level of matching attained.  Exact agreement ranged from 60-80% in discussions, 78-94% in 

interviews, and 72-100% in quizzes.  While the discussions have a lower exact match agreement 

than interviews or quizzes, the rates for discussions are greater than or equal to those in the 

interviews and quizzes when the percent agreement calculation allows for matching within 1 

distinction. For all six students percent agreement within 1 distinction ranges from 92-100% 

agreement in the discussion, and 89-100% for interviews and quizzes. These findings suggest 

that strong and moderate levels of consistency were attainable for multiple raters scoring student 

responses from different modes. 
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Table 12: Interrater Agreement for 6 students for Discussions 

Student Correlation % Agree 

% Agree 

Within 1 

Amanda 0.95 80% 93% 

Jerod 0.96 77% 92% 

Judah 0.75 60% 100% 

Katie 0.91 80% 93% 

Michelle 0.66 75% 100% 

Robin 0.91 64% 100% 

 

Table 13: Interrater Agreement for 6 students for Interviews 

Student Correlation % Agree 

% Agree 

Within 1 

Amanda 0.95 78% 94% 

Jerod 0.93 78% 94% 

Judah 0.89 78% 89% 

Katie 0.99 94% 100% 

Michelle 0.87 82% 94% 

Robin 0.99 94% 100% 

 

Table 14: Interrater Agreement for 6 students for Quiz 

Student Correlation % Agree 

% Agree 

Within 1 

Amanda 0.94 89% 94% 

Jerod 0.97 89% 100% 

Judah 1.00 100% 100% 

Katie 0.80 72% 89% 

Michelle 1.00 100% 100% 

Robin 0.99 94% 100% 

 

Figure 13 displays correlations between discussion, interview, and quiz by student. The 

figure was used to investigate agreement for each student across all three modes and indicated 

where reliable interpretations became more difficult to attain for particular students. The display 

showed that Judah and Michelle‟s responses were interpreted with more consistency in the quiz 

than in the discussion and interview, and their interviews were scored more consistently than 

discussions. Interpretations of Katie‟s responses were scored with moderate agreement in the 

discussions and interviews, but less so in the quiz.  Relying on student ability estimations 

documented later in the analysis chapter, it is interesting to notice that the two students with high 

levels of rater consistency on the quizzes, moderate levels in interviews, and low levels in the 

discussions also have the lowest overall scores (see Table 22 and Table 31 for scores). These 

results suggest that raters may attain different levels of agreement based on the abilities of the 
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students. A deeper investigation of what aspects of the scoring situation might negatively 

influence agreement or what might affect the confidence a rater has in making score 

determinations, is discussed at the end of this section in rater reflections. 

 

Figure 13: Correlation of rater scores for 6 students in 3 modes 

 

Rater Agreement by Item 

Interrater reliability was also analyzed by item for each mode. The next three tables 

display indications of consistency between the raters‟ scores for each item in the discussion, 

interview and quiz.  The rater scores within discussions, interviews, and quizzes had strong 

correlation (above 0.84) for items 1-3 but only moderate correlation of 0.74 for the 4
th 

item.  Item 

4 had the lowest correlation in all three modes at 0.78 for both interview and quizzes compared 

to 0.74 for discussions. Still correlations of raters‟ scores in all modes for all items were 

moderate to high.   

When investigating the exact percent agreement and agreement within 1 distinction, the 

rates followed a similar pattern where raters‟ scores had stronger agreement in items 1 and 2, less 

agreement for item 3, and the least agreement in item 4.  Exact agreement ranged from 50-87% 

for discussion scores, 59-90% for interview scores, and 75-97% for quiz scores.  Discussion 

scores were less likely than interview and quiz scores to have exact agreement.  The allowance 

of rater agreement within 1 distinction showed that discussions had similar ranges of percent 

agreement to the other two modes. Rater agreement within 1 distinction was 83-100% for 

discussion scores, 82-100% in interview scores, and 89-100% in quiz scores. Taken together 

with correlations, rater scores for items in the three modes found moderate to strong overall 

consistency.  
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Table 15: Interrater Agreement for 4 items for Discussions 

Item Correlation % Agree 

% Agree 

Within 1 

1 Methods 0.94 81% 100% 

2 Precision 0.96 87% 100% 

3 Median 0.84 67% 83% 

4 Mean 0.74 50% 94% 

 

Table 16: Interrater Agreement for 4 items for Interviews 

Item Correlation % Agree 

% Agree 

Within 1 

1 Methods 0.96 90% 98% 

2 Precision 0.97 90% 100% 

3 Median 0.90 83% 92% 

4 Mean 0.78 59% 82% 

 

Table 17: Interrater Agreement for 4 items for Quizzes 

Item Correlation % Agree 

% Agree 

Within 1 

1 Methods 0.97 96% 98% 

2 Precision 0.99 97% 100% 

3 Median 0.95 75% 100% 

4 Mean 0.78 78% 89% 

 

Figure 14 displays correlations for item scores determined by the two raters.  Item 4 had 

the lowest correlation between rater scores in all three modes. Specifically, rater scores for item 

4 had correlations of 0.74 for discussions, 0.78 for interviews, and 0.78 for quizzes. It is 

important to note that items 1 and 2 included more item subparts (8 and 5 subparts respectively) 

than item 3 (2 subparts, a calculation item) or item 4 (3 subparts).  
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Figure 14: Correlation of rater scores for 4 items in 3 modes 

 

Rater Reflections 

The two raters discussed their experiences after they completed the scoring.  This section 

notes common difficulties, and difficulties unique to their positions as someone highly familiar 

(rater 1) and someone less familiar (rater 2) with the content, materials, teacher, teaching 

method, and students.  

The second rater reported that the quiz was both easy and difficult to score.  She felt as 

though the quiz was concrete with a rubric that clearly defined response levels. Of all three 

modes, the quiz was the “easiest” to score because she could “assess understanding without 

having much insight into the student” as a learner. She noted that even if a student followed 

unusual strategies or methods, “it was fairly easy to discern which level to assign.” She noted 

that it was occasionally difficult to “read between the lines” of students responses to reasoning 

questions on the quiz.  

In the interview, she found the combination of audio, transcript, and paper-oriented task 

“interesting” because she felt that she “was able to glean greater understanding of the student‟s 

thought process.”  She noted that occasionally linking those to the rubric required “a bit more 

judgment.”   

Finally, in scoring the discussion, the second rater felt that she “became better acquainted 

with the students.”  She said that she could tell that “a significant effort was made to ensure that 

each kid said something that could be used to score” but she found that there were still students 

who rarely spoke, which made her feel less certain about their level of understanding.  

Both raters found that their levels of confidence for determining students‟ level of 

understanding were affected by a handful of factors.  First, the raters agreed that the most 
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difficult decisions were cases where a student was inconsistent in their responses, meaning a 

single student demonstrated evidence that would place them in more than one level. In a typical 

classroom situation, a teacher would obtain additional data points to reconcile the discrepancies 

of inconsistent responses but the rating procedures of this study restricted raters from accessing 

other data or from collecting new evidence. As a result, raters grappled with details that 

distinguished levels and made their best judgments about what the student understood.  

Second, the raters found that there were interesting interplays with a student‟s ability level 

and the assessment mode. Raters agreed that determining a student‟s exact level on the quiz was 

more difficult if the student was in the upper-end of the interpretation guide because in that case, 

either (a) the student demonstrated a portion of a nuanced reasoning skill that had not been fully 

documented in the interpretation guide or (b) the student demonstrated parts of a single level but 

not the full level. Similarly, raters agreed that determining a student‟s exact level in the 

discussion or interview was more difficult if the student was in the lower-end of the 

interpretation guide because, rather than having a clear indication of misunderstanding, evidence 

of low levels in these two modes tended to be demonstrated as silence, “I don‟t know,” or 

irrelevant remarks.  In both of these situations, raters felt confidence making a general high, mid, 

or low distinction but were less confident when selecting a single level to represent the student‟s 

understanding. 

Third, raters agreed that a student‟s propensity to write or speak succinctly, prolifically, and 

directly to the prompt influenced the degree of confidence they had in making score 

determinations. Through their discussions they found that there is a short list of factors that 

influenced the level of confidence they had in making score determinations.  In summary, they 

found that the quality of evidence gathered within a class discussion depends on the: 

1. talkativeness of the student (verbosity) 

2. clarity of the student‟s idea (interpretability) 

3. level of  “on topic” discussion (responsiveness) 

4. student‟s unique contribution  (uniqueness) 

5. number of points per student (frequency) 

6. spread of evidence about the student over time (density) 

 

This set of factors may have interrelationships worthy of exploration.  The next few 

paragraphs describe hypothetical relationships between factors and how they result in varying 

degrees of rater confidence in making determinations of student understanding.   

The quality of evidence matters for making determinations of student understanding.  

Student responses are obtained when students engage in the discussion by voicing their thoughts 

aloud.  Although some students speak often in class, the clarity of their ideas might be much 

harder to interpret. Other students that talk less often might be clearer in their response so that 

interpretations of understanding can be made. A rater would have more confidence in making 

determinations of student understanding if students were both talkative and clear. 
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The content of evidence matters for making determinations of student understanding.  

Student responses can be more or less responsive to a prompt.  Student responses that fail to 

respond to the prompt, or are otherwise off topic, are considered “noise”.  Similarly, student 

responses can constitute more or less of their own unique idea.  Responses that are not tainted or 

heavily influenced by other students can be considered authentic ideas attributable to that 

student. Students that parrot their peers or reword someone else‟s ideas are demonstrating less 

evidence for a rater to use in making determinations.  A rater would have more confidence in 

making determinations of student understanding if responses were both unique student thoughts 

and on-topic responses to the prompts. 

How frequently evidence is gathered matters for making determinations of student 

understanding.  Collecting a large number of data points in a short period of time produces only a 

partial set of evidence for scoring, and an infrequent collection of data over long periods of time 

provides the rater with a fragmented description of the student.  Instead a rater would have more 

confidence in their determinations of student understanding if they had a multitude of data points 

consistently collected over time. 

Summary of Interrater Agreement 

 Using correlation and percent agreement, this research found moderate to strong 

consistency between raters‟ scores from the discussions, interviews, and quizzes.  These 

findings, although undertaken with an intentionally small sample, suggest that evidence of 

student learning from discussions, interviews and quizzes may be reliable enough for use in 

estimating student abilities quantitatively.  Factors that influenced the quality, content, and 

frequency of evidence of student understanding were noted so that these influences can be 

monitored in the administration of prompts and collection of data in the future. 

 

Section 2:  Analysis Comparing Interview to Quiz 

One common practice in assessment validation is the administration of individual 

interview sessions, such as think-aloud and cognitive process interviews (Ayala et al, 2001; 

Cronbach, 1989), to investigate the strength of the relationship between the results observed in 

the interviews and interpretations of student knowledge drawn from written assessments. This 

section includes results from the six students who participated in cognitive interviews and 

completed class quizzes and asks what, if any, is the relationship between evidence of student 

knowledge drawn from cognitive interviews and written quiz assessments? This research 

examined consistency in four ways: (1) whether each student responded consistently to items 

(and item parts) in the interview and quiz, (2) whether each student responded consistently in the 

two modes across all items, (3) whether items provided consistent responses in the two modes 

across all people, and (4) whether students responded consistently to all items in both modes.  
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Analytical procedures for exploring consistency across the two modes are explained, results are 

displayed, and the significance of the results is discussed. 

Interview to Quiz Comparison by Student and Item 

A “student by item” analysis investigated whether each student responded consistently 

for items (and item parts) in the two modes. This analysis included the least summarization, 

meaning there were more details retained in this analysis than in other analyses.  In this analysis, 

student scores on an item part in one mode were compared to the same student‟s score on the 

same item part in the other mode. 

The next four tables display differences between student scores on the interviews from 

the quizzes for the item parts of each item 1-4. Values closer to zero indicated less difference, or 

higher consistency, in the student‟s responses. The rightmost column contains mean absolute 

differences for each student across the item parts for that item. This detailed look at the data was 

essential for discovering consistencies and inconsistencies in data such as item parts that were 

found to be more inconsistent for individual or groups of students, and for pin-pointing students 

that were scoring inconsistently across the modes for particular items or item subparts.  

Table 18 displays consistencies and inconsistencies in students‟ interview and quiz 

responses on item 1 – the “Compare Methods” item.  In item 1 Jerod was the only student to 

demonstrate exactly the same levels of understanding in his responses to the interview and quiz. 

Most students demonstrated small differences in their responses to the two modes, which did not 

result in large mean differences. Judah was the only student to demonstrate an inconsistent level 

of understanding between scores assigned to their quiz and interview responses in item 1.   

 

Table 18:  Differences between Interview and Quiz scores on item 1 “Compare Methods” 

Student Interview Quiz Difference 

Amanda 2.8 3.1 0.3 

Jerod 3.1 3.1 0.0 

Judah 1.6 3.1 1.6 

Katie 2.7 3.1 0.5 

Michelle 3.0 2.2 0.8 

Robin 2.3 2.7 0.3 

 

Table 19 indicates consistency and inconsistency in student responses on item 2 – the 

“Precision Tool” item.  When student responses were given the same score in the interview and 

quiz, the value in the cell is zero. Amanda, Katie, Judah, Michelle and Robin demonstrated 

completely consistent levels of understanding when responding to item 2 on the quiz and 

interview.  Jerod demonstrated inconsistent levels of understanding in his quiz and interview 

responses.  Overall students responses were consistent in their interview and quiz responses to 

item 2. 
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Table 19:  Differences between Interview and Quiz scores on item 2 “Precision Tool” 

Student Interview Quiz Difference 

Amanda 3.5 3.5 0.0 

Jerod 2.2 2.9 0.6 

Judah 2.1 2.2 0.0 

Katie 2.9 2.9 0.0 

Michelle 2.1 2.1 0.0 

Robin 2.9 2.9 0.0 

 

Table 20 indicates consistency and inconsistency in student responses on item 3 – the 

“Calculate Median” item.  Most students demonstrated the same level of understanding in their 

responses to item 3 on the interviews and quizzes, which resulted in mean differences of zero. 

Two students, Amanda and Judah demonstrated inconsistent levels of understanding by 

incorrectly calculating the median in one mode and correctly calculating it in the other. This was 

the second of three items where Judah was found to have moderate or substantial mean 

differences. 

 

Table 20:  Differences between Interview and Quiz scores on item 3 “Calculate Median” 

 Interview Quiz Difference 

Amanda 2.5 1.6 0.9 

Jerod 2.5 2.5 0.0 

Judah 1.5 2.4 0.9 

Katie 2.5 2.5 0.0 

Michelle 2.4 2.4 0.0 

Robin 2.5 2.5 0.0 

 

Table 21 indicates consistency and inconsistency in student responses on item 4 –the 

“Influences on the Mean” item.  In item 4, Katie was the only student to demonstrate the same 

levels of understanding in her responses to the interview and quiz. Most students demonstrated 

moderate differences in their responses to the two modes. Robin‟s mean difference between her 

average score in the interview and quiz was substantial.  Robin‟s item 4 mean difference of 2.9 

warranted a deeper investigation, summarized in the next paragraph. Judah again demonstrated 

large differences in his responses in the interview and quiz.  Specifically, Judah‟s responses to 

part C of this item were consistent but his responses parts A and B showed large differences in 

his level of understanding.  Although Judah‟s difference was not the largest mean difference in 

item 4, he demonstrated a pattern of inconsistency across all four items. A closer investigation 

revealed that Judah did exceptionally well on the quiz.  In all four items, Judah showed 
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improvement on the quiz over what was observed in class or in the interview that may have 

resulted from an afterschool tutor. 

 

Table 21:  Differences between Interview and Quiz scores on item 4 “Influences on the Mean” 

Student Interview Quiz Difference 

Amanda 4.3 3.5 0.8 

Jerod 3.9 3.2 0.8 

Judah 2.2 3.2 1.0 

Katie 3.5 3.5 0.0 

Michelle 1.5 1.0 0.5 

Robin 3.9 1.0 2.9 

 

A deeper investigation revealed that Robin was inconsistent in her responses to all three 

subparts A, B and C of item 4. In the interview Robin demonstrated a high level of 

understanding. She first calculated the mean “25 plus 37, plus 32, plus 22, plus 19 plus 45 equals 

180. Divided by six. Now it works. Okay, so each person got 30.” Next she guessed that the new 

data value would need to be 10 in order to make the mean increase.  But she quickly changed her 

mind, “Um, not oh, that if I just add 30 of her own and then 6, no 7.  So she could have brought 

37 of them.  She would have had her own 30 and then gave everybody one and then they would 

have had, each person would have had 31” Her interview response indicates a high level of 

understanding, specifically level 4. Unlike her high level interview response, Robin‟s responses 

to item 4 on the quiz (Figure 15) demonstrated either a low level of understanding about the 

mean or a misunderstanding about the item‟s intention.  Her answers suggested that she 

considered the sum of the data and the addition of a new value rather than the mean of the data 

and the addition of a new value.  Her misunderstanding may have resulted in the discrepancy.   

 

 

Figure 15: Robin‟s Quiz responses to item 4 “Influences on the Mean” 
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In Figure 16, score differences between interviews and quizzes for each item are 

displayed by student.  The horizontal lines on the display mark the increments from 0.0 to 3.0 

and provide reference for the magnitude of inconsistency.  Locations where points are on the 

horizontal axis are items where exact agreement was attained.  Katie, for example, has one point 

above the horizontal axis, and all others at zero.  This indicates that Katie had zero difference 

between her interview and quiz scores for the last 3 items. For all students in all items, two 

points (or 8%) on the display crossed over the 1.5 threshold and only one (or 4%) crossed the 2.0 

threshold.  With the exception of Robin‟s inconsistency in item 4, these values indicated 

moderate or better consistency in students‟ responses to prompts in interviews and quizzes. 

 

Figure 16: Differences between Interview and Quiz scores for Student by Item 

Interview to Quiz Comparison by Student 

A student analysis investigated whether each student responded consistently in the two 

modes across all items. Since there were an uneven number of subparts per item, the mean 

differences of student scores from the two modes were calculated using the mean score per item 

per student.  The scores for each item bundle were averaged to get an overall score for the 

student on the quiz and again for the interview. The benefit of this method of calculating 

difference was that it equalized the weights of items with many and few subparts so that the 

average was not unduly influenced by items with more subparts. Table 21 displays the mean 

scores for each mode using the bundled items approach and the difference between the two mean 

scores.  Differences closer to zero indicate higher levels of consistency between the modes.  This 

0.0

1.0

2.0

3.0

Amanda Jerod Judah Katie Michelle Robin

M
ea

n
 S

co
re

 D
if

fe
re

n
ce

s 

Students 

Item 1

Item 2

Item 3

Item 4



 

 53 

summary was useful because it enabled claims about overall student consistency across items in 

the two modes.   

Table 22 displays the average scores for each student in the interview and the quiz with 

the mean score difference in the last column.  Most students, other than Judah, demonstrated 

moderate or strong consistency between the two modes across all of the items. The prior section 

comparing interview to quiz responses by student and item found that Judah‟s inconsistency was 

not isolated to a single item but occurred in all four items to varying degrees. Mean score 

differences ranging from 0.0- 0.6 for the other five students were moderate to strong indications 

of consistency for students by mode.  Figure 17 highlighted score consistency students in the two 

modes. A whisker bar of 0.5 on each side of the quiz score has been added to indicate agreement 

within 1.  Those students whose points were off of the whisker bars had large gaps between 

mean scores.  This display indicated that while a few students had only moderate levels of 

consistency, most student scores were consistent in the two modes. 

 

Table 22: Interview and Quiz scores by Student 

Student 

Interview 

Mean Score 

Quiz  

Mean Score Difference 

Amanda 3.3 2.9 0.4 

Jerod 2.9 2.9 0.0 

Judah 1.8 2.7 0.9 

Katie 2.9 3.0 0.1 

Michelle 2.3 1.9 0.3 

Robin 2.9 2.3 0.6 

Overall 2.7 2.6 0.1 
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Figure 17: Interview and Quiz scores by Student 

 

  

Table 23 shows the mean of item differences between the interview and quiz per student 

and the proportion of the item differences that agree within 0.5 and 1.0 in the two modes.  In the 

previous table, Judah and Robin were found to have moderate mean score differences.  The same 

students were found to have means of item moderate differences between 0.5 and 1.0.  The four 

remaining students had small mean differences.  Across items 1-4, Judah had mean differences 

of 1.6, 0.0, 0.9, and 1.0, which resulted in one out of four items (or 25% of items) agreed within 

0.5, and three out of four items (or 75% of items) had agreement within 1 distinction.  Robin had 

the second highest mean of item differences and a low proportion of item scores with agreement 

within 1 distinction to Judah. In Robin‟s case, most of her item differences were small at 0.3, 0.0 

and 0.0.  Her primary inconsistency was the difference of 2.9 in interview and quiz scores for 

item 4.  The remaining four students had small means of item differences and item scores that all 

agreed within 1 distinction. 

 

1.0

1.5

2.0

2.5

3.0

3.5

Amanda Jerod Judah Katie Michelle Robin

O
v
er

al
l 

M
ea

n
 S

co
re

 

Students 

Interview

Quiz



 

 55 

Table 23: Indications of Agreement for Interview and Quiz scores by Student 

Students 

Mean of Item 

Differences 

% Agree 

Within 0.5 

% Agree 

Within 1 

Amanda 0.5 50% 100% 

Jerod 0.3 50% 100% 

Judah 0.9 25% 75% 

Katie 0.1 100% 100% 

Michelle 0.3 100% 100% 

Robin 0.8 75% 75% 

 

Comparing Interview to Quiz by Item 

An item analysis investigated whether items provided consistent responses in the two 

modes across all students.  This analysis averaged the six student scores for all subparts of an 

item in one mode and subtracted that value from the same calculation in the other mode.  The 

average of all students‟ scores for all parts of item 1, for example, was calculated as 2.6 in the 

interview and 2.9 in the quiz. Those averages were used to compute the item 1 difference of 0.3, 

shown in the last column. This summary was useful because it clearly represented where items in 

the two modes have or have not been consistent across the students.   

The range of mean scores by item, shown in Table 24, was 2.3-3.2 for the interview and 

2.3-2.9 for the quiz. Although the ranges were similar on the low end, item 4 had a higher mean 

score on the interview than the quiz.  The higher mean score in the interview resulted in a 

moderate mean difference for item 4 of 0.7. This difference was within 1 distinction and was an 

expected finding given earlier results that noted Robin‟s inconsistent responses on the quiz for 

item 4.  

 

Table 24: Interview and Quiz scores by Item 

Item 

Interview 

Mean Score 

Quiz  

Mean Score Difference 

1 Methods 2.6 2.9 0.3 

2 Precision 2.6 2.7 0.1 

3 Median 2.3 2.3 0.0 

4 Mean  3.2 2.6 0.7 

Overall 2.7 2.6 0.1 

 

Mean scores and mean score differences by item for interview and quiz responses is 

displayed in Figure 18.  A whisker bar of 0.5 on each side of the quiz score has been added to 

indicate agreement within 1. With the exception of item 4, points representing item scores in the 

interview and quiz were within the whisker bars for items. Item 4 had moderate differences of 

0.7 while items 1-3 had small differences.  These findings are shown in Figure 18.  The distances 
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between points in the display indicated that items 1, 2 and 3 had strong consistency, and item 4 

had moderate consistency.   

 

Figure 18: Interview and Quiz scores by Item 

 

 Table 25 displays the mean of student differences by item in the interview and quiz.  The 

results show that although the mean score differences from above were small for item 1, the 

mean of student differences for item 1 are moderate at 0.6.  Items 2 and 3 continue to have small 

differences and item 4 continues to have a moderate sized difference. Proportions of agreement 

are moderate for item 1, strong for item 2, moderate to strong for item 3, and moderate to weak 

for item 4. 

 

Table 25: Indications of Agreement for Interview and Quiz scores by Item 

Item 

Mean of Student 

Differences 

% Agree 

Within 0.5 

% Agree 

Within 1 

1 Methods 0.6 67% 83% 

2 Precision 0.1 83% 100% 

3 Median 0.3 67% 100% 

4 Mean  1.0 33% 83% 

 

Table 26 displays the correlations by item and overall for the quiz and interview. 

Correlations are used to further investigate the relationship between the interviews and quiz 

scores by item.  Table 26 displays the correlations of item and overall scores in interviews and 

quizzes.  Statistically significant correlations were found between paired item 2 and between 

quiz item 2 and the interview overall. These correlations were larger than 0.8 suggesting that 
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they may be tapping largely the same skills. Quiz item 3 was found to have a negative correlation 

with interview item 3, and the interview overall, which warrants investigation. 

 

Table 26: Correlation of Quiz and Interview items and overall 

 

Quiz 1 Quiz 2 Quiz 3 Quiz 4 Overall 

Interview 1 0.255    0.033 

Interview 2 

 

0.827*   0.392 

Interview 3   -0.102 

 

0.002 

Interview 4    0.351 0.613 

Overall 0.285 0.938** -0.409 0.223 0.416 

** Correlation is significant at the 0.01 level 

* Correlation is significant at the 0.05 level  

 

Summary of Analysis Comparing Interview to Quiz 

The overall mean score for the quiz was 2.6 (SD 0.43) and interview was 2.7 (SD 0.53), 

resulting in a mean score difference of 0.1 which was not statistically significant.  Coefficient 

alpha reliabilities were 0.77 and 0.84 for the quiz and interview, respectively. Results throughout 

this section have indicated that students‟ response scores were moderately consistent in the 

interview and quiz. When investigating student by item consistency one student in item 4 

demonstrated a high degree of inconsistency between her interview and quiz responses. A deeper 

investigation of the inconsistency found that the difference might have resulted from the student 

having misunderstood the intention of the item on the quiz. Other investigations by student, by 

item and overall found that mean score differences were lower than 1.0, and percent agreements 

within 1 distinction were always greater than or equal to 75% agreement.  These findings suggest 

moderate levels of consistency between scores were found in the quiz and interview. 

 

Section 3: Analysis Comparing Discussion and Quiz 

Teachers engage in formative assessment practices in an effort to use what students say 

during instruction to adjust to learner needs and move students forward in the path of the desired 

learning goal. Formative practices are not intended to replace other assessment practices but are 

additional evidence about how students learn and what students know. Teachers that practice 

formative assessment have access to dual sources of evidence of student learning from formative 

assessment within instruction and more summative forms of assessment such as tests and 

quizzes. But what is the relationship between these sources of evidence of student knowledge?  

This section investigates the relationship between the interpretations of evidence of 

student knowledge occurring in discussions during instruction and interpretations of student 

knowledge drawn from a written quiz assessment afterwards. Analysis includes results from a 

class of sixteen students who both participated in classroom discussions during instruction and 
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completed a written quiz assessment. Analysis investigated whether each student responded 

consistently to items (and item parts) in the discussion and quiz, whether each student responded 

consistently in the two modes across all items, whether items provided consistent responses in 

the two modes across all students, and whether students responded consistently to all items in 

both modes. Results are displayed, and the significance of the results is discussed.  

 

Comparing Discussion and Quiz by Student and Item 

 Student responses to discussion and quiz prompts were interpreted and scored to enable 

comparisons at the level of student by item.  The next four tables display the average discussion 

and quiz scores determined for each student on each item.  The last column notes the difference 

between the discussion and quiz scores.  Difference values that are closer to zero indicate higher 

levels of consistency between the two modes.  

Table 27 displays levels of consistency of student responses to item 1 – the “Compare 

Methods” item.  Score differences ranged from 0.0-1.7, with three students having substantial 

differences, defined as differences greater than 1.0.  Higher differences indicated weak 

consistency in student scores between discussions and quizzes.  In all three cases the students‟ 

discussion score was lower than the quiz score, and all three students had lower ability levels 

(see Wright Map at the end of this section).  Differences for those three students are substantial 

considering the difference in score indicates a significant level difference on the construct. An 

additional four students fell within 0.5 and 1.0, which indicated moderate consistency. The 

remaining nine students had small mean differences less than or equal to 0.5. Overall item 1 

showed varied levels of consistency across student scores in the two modes. 
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Table 27: Differences between Discussion and Quiz scores on item 1 “Compare Methods” 

 Students Discussion Quiz Difference 

Amanda 3.2 3.1 0.0 

Calvin 1.8 2.0 0.1 

David 1.0 2.7 1.7 

Dill 3.0 2.7 0.4 

Jerod 3.0 3.1 0.1 

Judah 1.5 3.1 1.7 

Katie 3.3 3.1 0.2 

Kelly 2.7 2.2 0.5 

Lori 2.5 1.5 1.0 

Maya 3.2 2.3 0.9 

Michelle 1.7 2.2 0.5 

Ned 3.0 2.4 0.7 

Otis 3.0 3.1 0.1 

Robin 3.2 2.7 0.5 

Ted 1.3 2.4 1.2 

Vern 2.5 3.1 0.6 

 

Table 28 displays the magnitude of difference between students‟ discussion and quiz 

scores for item 2 – the “Precision Tool” item.  Student scores on item 2 ranged from 1.3-3.6 in 

discussions and 1.6-3.5 in quizzes.  Five students had differences between 0.5 and 1.0. The 

remaining eleven students had small differences, at or below 0.5.  Overall, differences in item 2 

differences indicated moderate to strong consistency between student responses in discussions 

and quizzes. 
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Table 28: Differences between Discussion and Quiz scores on item 2 “Precision Tool” 

 Students Discussion Quiz Difference 

Amanda 3.4 3.5 0.1 

Calvin 2.7 2.9 0.2 

David 2.3 1.6 0.7 

Dill 3.6 3.4 0.2 

Jerod 3.2 2.9 0.3 

Judah 1.8 2.2 0.4 

Katie 3.4 2.9 0.5 

Kelly 3.2 2.9 0.4 

Lori 2.5 2.2 0.3 

Maya 3.2 2.2 1.0 

Michelle 1.3 2.1 0.8 

Ned 3.6 3.3 0.3 

Otis 3.3 2.9 0.5 

Robin 3.6 2.9 0.7 

Ted 2.3 1.9 0.4 

Vern 3.6 2.9 0.8 

 

Table 29 displays the discussion and quiz scores for each student in item 3 – the 

“Calculate Median” item.  Student scores on item 3 ranged from 1.5-2.5 for both discussions and 

quizzes. Four students had differences between 0.5 and 1.0.  The remaining twelve students had 

small differences at or below 0.5.  These differences mostly indicate strong consistency to item 3 

in the two modes. 
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Table 29: Differences between Discussion and Quiz scores on item 3 “Calculate Median” 

 Students Discussion Quiz Difference 

Amanda 1.6 1.6 0.1 

Calvin 1.5 1.8 0.3 

David 1.5 2.4 0.9 

Dill 2.4 2.5 0.1 

Jerod 2.4 2.5 0.1 

Judah 2.1 2.4 0.3 

Katie 2.5 2.5 0.0 

Kelly 2.4 2.5 0.1 

Lori 2.4 1.6 0.8 

Maya 2.4 2.4 0.0 

Michelle 2.3 2.4 0.1 

Ned 1.5 2.5 1.0 

Otis 2.4 2.5 0.1 

Robin 2.4 2.5 0.1 

Ted 1.5 1.5 0.0 

Vern 2.4 1.8 0.6 

 

Table 30 displays the amount of difference between students‟ discussion and quiz scores 

for item 4 – the “Influences on the Mean” item.  The range of differences in item 4 was wider 

than differences found in items 1-3.  Item 4 ranges from 0.0-2.0. Four students had substantial 

differences greater than 1.0.  Two students had moderate differences and the remaining ten 

students had small differences, less than or equal to 0.5.  Robin had the highest score difference 

of 2.0.  This inconsistency was investigated earlier in section 1. The same conclusion applies 

here since the anomaly occurred in her quiz which was used in both sections 2 and 3.  All four 

students with substantial differences were scored as having higher levels of knowledge in the 

discussion than in the quiz.  This warrants further investigation to determine whether the quiz 

prompt for item 4 is performing differently in the two modes or whether rater interpretations 

varied in the two modes, or another relationship exists between these students, this item and the 

two modes. 
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Table 30: Differences between Discussion and Quiz scores on item 4 “Influences on the Mean” 

 Students Discussion Quiz Difference 

Amanda 3.3 3.5 0.2 

Calvin 2.8 1.5 1.3 

David 3.5 3.0 0.5 

Dill 3.5 3.5 0.0 

Jerod 3.2 3.2 0.0 

Judah 2.2 3.2 1.0 

Katie 3.0 3.5 0.5 

Kelly 1.5 1.0 0.5 

Lori 3.2 1.5 1.7 

Maya 3.0 3.2 0.2 

Michelle 1.0 1.0 0.0 

Ned 2.5 2.7 0.2 

Otis 3.0 3.3 0.3 

Robin 3.0 1.0 2.0 

Ted 2.5 1.0 1.5 

Vern 1.8 2.7 0.9 

  

In Figure 19 the difference in scores between discussions and quizzes for each item are 

displayed by student.  The horizontal lines on the display mark the increments from 0.0 to 2.0 

and provide reference for the magnitude of inconsistency.  There are 9 points (or 14%) are above 

the 1.0 threshold, four (or 6%) above the 1.5 threshold, and none over 2.0. The proportions of 

differences over each threshold were lower than the interview to quiz proportions shown earlier 

in Section 2. Generally, these values indicate reasonable overall consistency in students‟ 

responses to prompts in discussions and quizzes at the student by item level. 
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Figure 19: Differences between Discussion and Quiz scores for Student by Item 

 

Comparing Discussion and Quiz by Student 

 A student analysis examined the consistency of students‟ scores from the discussion and 

quizzes across all of the items. Table 31 used group mean scores and mean differences to 

indicate the overall levels of consistency between the two modes. The range of mean scores was 

used to consider the breadth of the distribution of student ability levels in the two modes. The 

ranges for the discussion and quizzes were almost the same at 1.6-3.0 for the discussion and 1.7-

3.0 for the quiz.  A comparison of group mean scores found that they were nearly equivalent at 

2.55 and 2.47.  Mean score differences ranged from 0.0-0.9.  Three students were found to have 

moderate mean score differences between 0.5 and 1.0. The remaining thirteen students had 

differences less than 0.5.  These were strong indications of consistency between discussions and 

quiz response scores. 
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Table 31: Discussion and Quiz scores by Student 

Student 

Discussion 

Mean Score 

Quiz  

Mean Score Difference 

Amanda 2.9 2.9 0.1 

Calvin 2.2 2.0 0.2 

David 2.1 2.4 0.4 

Dill 3.1 3.0 0.1 

Jerod 3.0 2.9 0.0 

Judah 1.9 2.7 0.8 

Katie 3.0 3.0 0.1 

Kelly 2.5 2.1 0.3 

Lori 2.6 1.7 0.9 

Maya 2.9 2.5 0.4 

Michelle 1.6 1.9 0.4 

Ned 2.7 2.7 0.1 

Otis 2.9 3.0 0.0 

Robin 3.0 2.3 0.8 

Ted 1.9 1.7 0.2 

Vern 2.6 2.6 0.0 

Overall 2.6 2.5 0.1 

 

 

Table 32 summarizes the differences for the four items as a mean of item differences and 

a proportion of item scores that agreed within 0.5 and 1.0. This table was useful to show how 

much or how little consistency a student had across all four items.  Amanda, for example, had 

differences of 0.0, 0.1, 0.1, and 0.2 on items 1-4 respectively, which resulted in a mean item 

difference of 0.1.  Amanda‟s four item differences were all below both the 0.5 and 1.0 

thresholds. Thus Amanda had 100% agreement within 0.5 and 100% agreement within 1. Vern 

had differences of 0.6, 0.8, 0.9, and 0.6 on items 1-4, respectively. None of Vern‟s four item 

differences agreed within 0.5, but all agreed within 1.0.  Thus Vern had 0% agreement within 0.5 

and 100% agreement within 1.  

Eight students had strong consistency in mean differences and both measures of 

agreement for discussions and quizzes. Five students had varied levels of moderate consistency 

by having two of the three moderate indicators. Three students had weak consistency in at least 

two of the indicators.  These results indicate moderate consistency for half of the students and 

strong consistency for half of the students across discussions and quizzes. 
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Table 32: Indications of Agreement for Discussion and Quiz scores by Student 

Student 

Mean of Item 

Differences 

% Agree 

Within 0.5 

% Agree 

Within 1 

Amanda 0.1 100% 100% 

Calvin 0.5 75% 75% 

David 0.9 75% 75% 

Dill 0.2 100% 100% 

Jerod 0.1 100% 100% 

Judah 0.8 50% 75% 

Katie 0.3 100% 100% 

Kelly 0.4 100% 100% 

Lori 0.9 25% 50% 

Maya 0.5 50% 100% 

Michelle 0.4 75% 100% 

Ned 0.5 50% 100% 

Otis 0.3 100% 100% 

Robin 0.8 50% 75% 

Ted 0.8 50% 50% 

Vern 0.7 0% 100% 

 

 Figure 20 displays the mean scores from Table 31 to visually represent levels of 

consistency.  In the display, points that are within the whisker bar are small differences, less than 

0.5.  Those points not within the whisker bars are moderate differences greater than 0.5.  The 

display highlights that Judah, Lori and Robin were scored as having moderately different levels 

of ability on the quiz than in the discussion.  With the exception of those three students, the 

remainder of the students had low mean score differences between the discussions and quizzes. 
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Figure 20: Discussion and Quiz scores by Student 

 

Comparing Discussion and Quiz by Item 

 An item analysis investigated the level of consistency between discussions and quizzes 

for each item across all students.  Table 33 displays the mean score for each item in discussions 

and quizzes across all students and the difference between them. Mean scores by items ranged 

from 2.2-2.6 for quizzes and 2.1-2.9 in discussions. The overall mean scores were 2.6 and 2.5 for 

the discussions and quizzes, respectively. The differences by item were particularly small at 

either 0.1 or 0.3. The mean score difference for discussion and quiz for the precision item was 

the only difference found to be significant in the study.  This result suggests that the difference, 

despite being small, did not occur by chance as was the case for other differences.  Further 

investigation of this item pair is warranted.  

 

Table 33: Discussion and Quiz scores by Item 

Item 

Discussion 

Mean Score 

Quiz  

Mean Score Difference 

1 Methods 2.5 2.6 0.1 

2 Precision 2.9 2.6 0.3* 

3 Median 2.1 2.2 0.1 

4 Mean  2.7 2.4 0.3 

Overall 2.6 2.5 0.1 

* Significant at the 0.05 level 
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Figure 21: Discussion and Quiz scores by Item 

 

To further investigate how much item responses from discussions and quizzes tend to 

agree, Table 34 displays the mean student differences by item and the proportion of students 

whose scores agreed within 0.5 and 1.0 between the two modes. Items 1 and 2 demonstrated 

moderate consistency in mean differences and agreement within 0.5, and moderate or strong 

consistency with respect to agreement within 1.0.  Item 3 was the most consistent in the two 

modes with the lowest mean of student differences of 0.3 and the highest proportion of 

agreement at 75% and 100% for agreement within 0.5 and 1.0 respectively.  Item 4 was the least 

consistent item in the two modes.  The mean of student differences in item 4 was 0.7 and 75% 

agreement within 1.  Even for item 4, the least consistent item, these results indicate mostly 

moderate consistency between discussions and quiz scores. 

 

Table 34: Indications of Agreement for Discussion and Quiz scores by Item 

Item 

Mean of 

Student 

Differences 

% Agree 

Within 0.5 

% Agree 

Within 1 

1 Methods 0.6 56% 81% 

2 Precision 0.5 69% 100% 

3 Median 0.3 75% 100% 

4 Mean  0.7 63% 75% 
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Correlations are used to further investigate the relationship between the discussion and 

quiz scores by item. Table 35 displays the correlations of item pairs and overall scores in 

discussions and quizzes.  Statistically significant correlations were found between scores overall 

and paired item 2 and paired item 4. Specifically, item 2 in quiz and discussion correlated at 

0.75, item 4 correlated 0.5, and overall scores correlated 0.6. Other relationships were found to 

be significant including items 1 and 2 in discussions that correlated with the quiz overall and 

item 2 in the quiz that correlated with the discussion overall.  The presence of significant 

correlations indicates a relationship exists between the items and the values, which range from 

0.52-0.75 suggest that the items are not measuring the exact same skills. 

 

Table 35: Correlation of Discussion and Quiz items and overall 

 

Quiz 1 Quiz 2 Quiz 3 Quiz 4 Overall 

Discussion 1 0.206 

 

  0.547* 

Discussion 2  0.750**   0.538* 

Discussion 3   0.438 

 

0.212 

Discussion 4   

 

0.524* 0.386 

Overall 0.271 0.657** 0.275 0.485 0.602* 

** Correlation is significant at the 0.01 level 

* Correlation is significant at the 0.05 level  

Rasch Model Estimates 

  An item fit report was run to investigate the item estimates within the two-thirds and 

three-fourths parameters.  Table 36 displays the item difficulty estimates and weighted mean 

square estimates.  Four item parts were not available in the discussion because, due to time 

constraints, the teacher provided the first method of the two method comparison prompt and in 

the precision item there were too few responses; otherwise all items were used in the analysis.  

Items showed fit when the weighted mean square estimate was within the bounds of 0.75 and 

1.33, and had a t-statistic less than the absolute value of 2.0.  Falling below the lower bounds 

suggested that student responses were too uniform whereas items outside the upper bounds were 

too random. Eight items on the quiz had weighted mean square estimates outside of the bounds, 

four over and four under, but using the dual criteria of the t-statistic none of the items showed 

misfit. All but two discussion items had weighted mean squares outside of the bounds, however 

only three had t-values above the absolute value of 2.  The three items were all above the 1.33 

bounds suggesting that they performed randomly. Understanding why the three misfitting items 

elicited such random responses required a deeper look at the item and students‟ responses.   

 A review of discussion evidence scored for part A of item 4 found that evidence for 

interpretations was more limited in part A than parts B and C.  For some students, there were as 

few as 2 pieces of evidence used to determine the student‟s score.  A review of discussion 

evidence scored for the last two parts of item 3 found that some responses that might be 
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considered lower level responses were scored higher because the interpretation guide marked 

them as such.  Specifically, for the question “how do you know it is a good method” a few 

students responded that the method was good because it did what they “wanted” or “expected” it 

to do. The interpretation guide indicated that high-scoring responses would describe 

repeatability, generalization, or fit. The rater interpreted the responses with “wanted” and 

“expected” as indications of this high level idea, when perhaps that is not the case.  In future 

administrations, this item‟s interpretation guide should be clarified to designate the location of 

those types of responses. 

 

Table 36: Item Fit for Quiz and Discussion 

    Quiz  Discussion 

Item Item Part Est Error WMSq CI t  WMSq CI t 

1Method Aapply 1 -2.247 0.248 0.74 ( 0.00, 2.71) -0.10  . . . 

1Method Aapply 2 -2.226 0.248 0.73 ( 0.00, 2.69) -0.10  . . . 

1Method Ainterpret -0.832 0.239 1.44 ( 0.18, 1.82) 1.10  . . . 

1Method Bapply 1 -1.374 0.243 0.77 ( 0.00, 2.08) -0.30  1.77 ( 0.00, 2.14) 1.20 

1Method Bapply 2 -0.826 0.239 0.78 ( 0.19, 1.81) -0.40  1.46 ( 0.12, 1.88) 1.00 

1Method Binterpret 0.598 0.231 0.67 ( 0.57, 1.43) -1.60 

 

0.48 ( 0.21, 1.79) 

-

1.50 

1Method compare 0.89 0.231 0.81 ( 0.60, 1.40) -1.00 

 

0.46 ( 0.00, 2.00) 

-

1.20 

1Method overall 0.752 0.191 0.75 ( 0.38, 1.62) -0.80  0.97 ( 0.10, 1.90) 0.10 

2Precision pick -0.4 0.236 0.93 ( 0.34, 1.66) -0.10  . . . 

2Precision graph -2.219 0.248 1.02 ( 0.00, 2.68) 0.30  1.83 ( 0.00, 2.78) 1.00 

2Precision describe -0.836 0.239 1.46 ( 0.18, 1.82) 1.10  1.07 ( 0.00, 2.24) 0.30 

2Precision gd methd 2.778 0.239 1.18 ( 0.26, 1.74) 0.60  2.31 ( 0.35, 1.65) 3.00 

2Precision overall 1.45 0.204 1.34 ( 0.28, 1.72) 0.90  2.50 ( 0.33, 1.67) 3.20 

3Median calculate -0.415 0.236 1.15 ( 0.34, 1.66) 0.50  1.72 ( 0.26, 1.74) 1.70 

3Median process 0.773 0.208 1.45 ( 0.42, 1.58) 1.40 

 

0.78 ( 0.32, 1.68) 

-

0.60 

4Mean increase 1.546 0.181 0.87 ( 0.32, 1.68) -0.30  1.83 ( 0.34, 1.66) 2.10 

4Mean same 1.14 0.179 0.78 ( 0.25, 1.75) -0.60  1.86 ( 0.23, 1.77) 1.80 

4Mean decrease 1.447* 0.937 0.66 ( 0.26, 1.74) -0.90  1.83 ( 0.04, 1.96) 1.50 

 

Figure 22 displays a Wright Map of the ability estimates from the quiz and discussions 

(left side), item difficulties (right side) on a 6-logit scale (in the middle). The items were colored 

to designate the four item groups. Students‟ ability estimates for the discussion and quiz were 

ordered from least to greatest based on the quiz ability score.  Item separation reliability was 0.98 

and person separation reliability was 0.92 for the quiz and 0.90 for the discussion.  

The Wright Map shows that items were well-distributed from top to bottom but that there 

were too few items in the upper range. The lack of multiple items tapping the upper difficulty 

levels should be rectified in future administrations by the addition of more items that tap high 
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level skills. On the left of the logit scale, distances between the square and diamond points 

indicate the difference of each student‟s scores in discussions and quizzes. The quiz and 

discussion data points are proximally located for students such as Amanda, Otis, Vern, David, 

and Ted, but students such as Lori, Robin, and Judah have points that are far apart.  With the 

exception of these three students, differences between student estimates were within the standard 

errors of measurement. 

 

 

Figure 22: Wright Map of Student Ability Estimates for Discussion and Quiz 

 

Figure 23 displays the differences in student ability estimates between the quizzes and 

discussions.  Points around the 0.0 line show consistent ability estimation in the two modes and 

those points farther away from the line indicate less consistency. Most student ability estimate 

differences were within the +/- 1.0 thresholds and within the standard errors of measurement, 

with four students who exceeded it. With the exception of those few students, this indicated 

moderate to strong levels of consistency of student ability in the discussions and quizzes. 
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Figure 23: Student Ability Estimate differences between Discussion and Quiz 

 

Summary of Analysis Comparing Discussion and Quiz 

The overall mean score for the quiz was 2.5 (SD 0.46) and discussion was 2.6 (SD 0.49), 

resulting in a mean score difference of 0.1 which was not statistically significant.  Coefficient 

alpha reliabilities were 0.77 and 0.82 for the quiz and discussion, respectively. When 

investigating student by item consistency two students in item 1 crossed over the 1.5 threshold 

and two students in item 4 crossed over the 1.5 threshold. Only 6% of student by item data 

crossed over the 1.0 threshold. A moderate degree of consistency between interview and quiz 

responses was found for the rest of the scores.  

Analyses of students across items and items across students found that mean score 

differences and mean item differences were all lower than 1.0. Percent agreement was less clear 

about the level of consistency by student across items since the proportion of agreement by 

student across all items found that Lori and Ted had two of their four items agree within 1 

distinction.  All other students agreed within 1 for 3 or all 4 of the items.  Percent agreement by 

item across all students was always greater than or equal to 75% agreement. Overall the sixteen 

students demonstrated consistency and similar patterns of abilities in the discussions and quizzes.  

Results throughout this section have indicated that students‟ response scores were moderately 

consistent in the discussion and quiz. 
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Section 4: Triangulation of Discussion, Interview, and Quiz 

This section of analysis includes data from all three sources of evidence of student 

knowledge – the discussions within instruction, cognitive interviews, and quizzes. Matched set 

data was only available for the six students who participated in the cognitive interviews. This 

section investigates the degree to which a triangulated relationship could be established between 

evidence of student knowledge drawn from class discussion instruction, cognitive interviews, 

and written quiz assessments. Analyses addressed the question of whether each student 

responded consistently to items (and item parts) in the discussion, interview, and quiz, whether 

each student responded consistently in the three modes across all items, whether items provided 

consistent responses in the three modes across all students, and whether students responded 

consistently to all items in both modes.   

 

Triangulation of Instruction, Interview, and Quiz by Student and Item 

 Student responses to discussion, interview, and quiz prompts were interpreted and scored 

to enable comparisons at the level of student by item.  The following four tables display mean 

score differences for item pairs of discussion to interview, discussion to quiz, and interview to 

quiz.  The last column is the mean of the three differences for each student in each item. 

Differences that are closer to zero indicate higher levels of consistency between the modes for 

that item. 

 Table 37 displays differences in student responses to item 1 – the “Compare Methods” 

item. Differences in discussion to interview scores for item 1 ranged from 0.1-1.3.  Differences 

in discussion to quiz scores for item 1 ranged from 0.0-0.7. Differences in interview to quiz 

scores for item 1 ranged from 0.0-1.6.  Judah was the only student with a mean of differences 

greater than 1.0.  The remaining five students had moderate or small means of differences under 

1.0. 

 

Table 37: Differences between Discussion, Interview, and Quiz scores on item 1 “Compare 

Methods” 

 Student 

Discussion-

Interview 

Difference 

Discussion-

Quiz 

Difference 

Interview-

Quiz 

Difference 

Mean of 

Differences 

Amanda 0.3 0.0 0.3 0.2 

Jerod 0.1 0.1 0.0 0.1 

Judah 0.1 1.7 1.6 1.1 

Katie 0.7 0.2 0.5 0.4 

Michelle 1.3 0.5 0.8 0.9 

Robin 0.8 0.5 0.3 0.6 
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Table 38 displays difference between students‟ discussion, interview, and quiz scores for 

item 2 – the “Precision Tool” item.  Differences in discussion to interview scores for item 2 

ranged from 0.1 to 1.0.  Differences in discussion to quiz scores for item 2 ranged from 0.1 to 

0.9. Differences in interview to quiz scores for item 2 were almost all 0.0 with the exception of 

Jerod whose difference was 0.6.  All six students had means of differences under 1.0 for item 2. 

 

Table 38: Differences between Discussion, Interview, and Quiz scores on item 2 “Precision 

Tools” 

 Student 

Discussion

-Interview 

Difference 

Discussion

-Quiz 

Difference 

Interview-

Quiz 

Difference 

Mean of 

Differences 

Amanda 0.1 0.1 0.0 0.1 

Jerod 1.0 0.3 0.6 0.6 

Judah 0.4 0.4 0.0 0.3 

Katie 0.5 0.5 0.0 0.3 

Michelle 0.9 0.9 0.0 0.6 

Robin 0.7 0.7 0.0 0.5 

 

Table 39 displays the difference between students‟ discussion, interview, and quiz scores 

for item 3 – the “Calculate Median” item.  Differences in discussion to interview scores for item 

3 ranged from 0.0-0.9.  Differences in discussion to quiz scores for item 3 ranged from 0.0-0.3. 

Differences in interview to quiz scores for item 3 were almost all 0.0 or 0.1 with the exception of 

Amanda and Judah whose differences were both 0.6.  All six students had moderate or small 

means of differences under 1.0 for item 3. 

 

Table 39: Differences between Discussion, Interview, and Quiz scores on item 3 “Calculate 

Median” 

 Student 

Discussion-

Interview 

Difference 

Discussion-

Quiz 

Difference 

Interview-

Quiz 

Difference 

Mean of 

Differences 

Amanda 0.9 0.1 0.9 0.6 

Jerod 0.1 0.1 0.0 0.0 

Judah 0.6 0.3 0.9 0.6 

Katie 0.0 0.0 0.0 0.0 

Michelle 0.1 0.1 0.0 0.1 

Robin 0.1 0.1 0.0 0.1 

 

Table 40 displays the difference between students‟ discussion, interview, and quiz scores 

for item 4 – the “Influences on the Mean” item. Differences in discussion to interview scores for 
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item 4 ranged from 0.0-1.0.  Differences in discussion to quiz scores for item 4 ranged from 0.0- 

2.0. Differences in interview to quiz scores for item 4 ranged from 0.0- 2.9.  With the exception 

of Robin‟s high level of inconsistency, which has been noted repeatedly in earlier analyses, the 

remaining five students had moderate or small means of differences under 1.0 for item 4. 

 

Table 40: Differences between Discussion, Interview, and Quiz scores on item 4 “Influences on 

the Mean” 

 Student 

Discussion-

Interview 

Difference 

Discussion-

Quiz 

Difference 

Interview-

Quiz 

Difference 

Mean of 

Differences 

Amanda 1.0 0.2 0.8 0.7 

Jerod 0.8 0.0 0.8 0.5 

Judah 0.0 1.0 1.0 0.7 

Katie 0.5 0.5 0.0 0.3 

Michelle 0.5 0.0 0.5 0.3 

Robin 0.9 2.0 2.9 1.9 

  

Figure 24 displays the mean of differences in scores between discussion and interview, 

discussion and quiz, and interview and quiz for each of the items for the six students.  The 

horizontal lines mark thresholds of 1.0 and 2.0 to provide reference for the magnitude of 

consistency for students by items in the three modes.  Only 2 points (or 8%) crossed the 1.0 

threshold. One of the two points is the inconsistent response scores determined for Robin in item 

4, which was nearly to the 2.0 threshold. Overall the results suggest that student by item score 

differences were moderate or small and indicate moderate consistency between the three modes. 
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Figure 24: Mean of Discussion, Interview, and Quiz differences for Student by Item 

 

Triangulation of Instruction, Interview, and Quiz by Student 

 A student analysis examined the consistency of students‟ scores from the discussions, 

interviews and quizzes across all items. Table 41 displays differences in student responses in 

each combination of the three modes.  Across items, discussion to interview score differences 

ranged from 0.0-0.7.  Differences in discussion to quiz scores across all items ranged from 0.0-

0.8. Differences in interview to quiz scores across all items ranged from 0.0- 0.9.  All six 

students had means of differences under 1.0.  These are strong indications of consistency across 

the three modes for students. 

 

Table 41: Differences between Discussion, Interview, and Quiz scores by Student 

Student  

Discussion

-Interview 

Difference 

Discussion

-Quiz 

Difference 

Interview 

-Quiz 

Difference 

Mean 

Difference 

Amanda 0.4 0.1 0.4 0.3 

Jerod 0.0 0.0 0.0 0.0 

Judah 0.0 0.8 0.9 0.6 

Katie 0.2 0.1 0.1 0.1 

Michelle 0.7 0.4 0.3 0.5 

Robin 0.1 0.8 0.6 0.5 

Overall 0.1 0.1 0.1 0.1 
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 Figure 25 displays the mean scores for the discussion, interview, and quiz by student.  

The distance between scores indicates the difference, or amount of inconsistency, between their 

scores in the three modes.  A whisker bar of 0.5 on each side of the quiz score has been added to 

indicate agreement within 1.  The display is useful for noticing where modes disagree and by 

how much.  Judah and Robin‟s whiskers do not cover all three of their points.  In both of these 

cases, the quiz is the mode showing difference from the other two. 

 

Figure 25: Discussion, Interview, and Quiz scores by Students 

 

Triangulation of Instruction, Interview, and Quiz by Item 

An item analysis investigated the level of consistency between the discussions, 

interviews, and quizzes for each item across all students.  Table 42 displays the difference 

between mean scores for each item in discussions to interviews, discussions to quizzes, and 

interviews to quizzes across all students.  The last column averaged the three differences from 

the preceding columns.  As expected from findings in earlier sections, results indicate that item 4 

was the only item with moderate levels of difference, and those differences were still within 1. 

The differences by item across all students were particularly small ranging from 0.1-0.4.   
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Table 42: Overall differences between Discussion, Interview, and Quiz scores by Item 

Item 

Discussion-

Interview 

Difference 

Discussion-

Quiz 

Difference 

Interview-

Quiz 

Difference 

Mean 

Difference 

1 Methods 0.1 0.3 0.3 0.2 

2 Precision 0.1 0.0 0.1 0.1 

3 Median 0.1 0.1 0.0 0.1 

4 Mean 0.6 0.1 0.7 0.4 

Overall 0.1 0.1 0.1 0.1 

 

Figure 26 displays the overall mean scores for all students in the three modes by item.  

Whisker bars marking +/- 0.5 have been added to overall quiz scores to indicate the magnitude of 

difference between overall scores in the three modes.   Points cluster or are within the whisker 

bars for three of the four items. This indicates strong consistency between the three modes for 

three-fourths of the items, and moderate consistency for the last item. 

 

 

Figure 26: Discussion, Interview, and Quiz scores by Item 

 

 Table 43 displays the correlations of item pairs in the three modes. Item pair 2 in both 

discussion and quiz, and interview and quiz scores were found to have statistically significant 

correlations.  These correlations were 0.75 and 0.89.  The correlation between interview and quiz 

scores for item 2 indicates that the measures might be considered equivalent. Similarly in item 

pair 4, statistically significant correlations were found in discussion and quiz, and discussion and 
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interview. These correlations were 0.53 and 0.96.  The correlation between discussion and 

interview for item 4 indicates that they might be equivalent measures, however the lower 

correlation of discussion and quiz for item 4 indicates that although a relationship between them 

was found, they are not correlated so highly that they could be considered equivalent. The 

negative correlation found for item pair 3 in interview and quiz has been noted in earlier 

sections. 

 

Table 43: Correlation of Discussion, Interview, and Quiz items 

 

Discussion 

and Quiz 

(n=16) 

Discussion 

and Interview 

(n=6) 

Interview  

and Quiz  

(n=6) 

1 Methods 0.206 0.448 0.255 

2 Precision 0.750** 0.717 0.827* 

3 Median 0.438 0.113 -0.102 

4 Mean 0.524* 0.962** 0.351 

Overall 0.602* 0.844* 0.416 

 

Rasch Model Estimates 

Rasch estimated abilities of sixteen students were described in Section 3. In this section 

those estimates are combined with discussion, interview, and quiz construct-aligned scores and 

are displayed in the modified Wright Maps below. Students are located on the left side of the 

figures according to their estimated ability and the CoS construct continuum is noted in the 

middle. One student in each figure is denoted in bold to indicate that their overall scores per item 

for discussions, interviews, and quizzes are shown on the right side. The grayed areas are the 

observable levels where a response could have been scored. These displays were used to 

highlight the consistent or inconsistent performances of students in the in the three modes.  

Although this analysis can facilitate the identification of cases where students consistently fit a 

particular construct level or range, it is perhaps most interesting when it is used to identify 

misfitting students.  The two figures highlight consistent and inconsistent students and the 

remaining four student maps are provided in the appendix.   

Figure 27 displays Katie‟s scores on the three modes and indicates consistently high-level 

responses. Katie‟s construct-aligned scores were 3.6 for discussions, 3.5 for the interview, and 

3.7 for the quiz. Katie‟s overall ability estimates, in logits ranging from -2.5 to 3.5, from item 

response modeling were 2.83 in the quiz and 2.32 in discussions.  Her responses for all items and 

all modes generally indicated a similar ability estimates.  By any measure, Katie was located at 

the highest end of the sample. 
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Student  Level Precision  Methods  Median  
 

Mean 

 

Observable level 
 

  4d         

Katie  4c   D, Q      

 4b D, I, Q        

Amanda  4a D, I, Q        

Jerod  3f   I      

 3e       I, Q  

Robin  3d       I, Q  

 3c       D  

Judah  3b         

  3a         

 2b 
 

   D, I, Q    

Michelle 2a        

  1a           
 

Figure 27: Student Ability Estimation Construct Map for Katie 

 

Figure 28 displays Robin‟s item scores on the three modes. While Robin was consistent 

across the three modes for items 1-3 and inconsistent in item 4, the level of knowledge attributed 

to Robin from item to item was inconsistent. Robin demonstrated high levels of understanding 

on a difficult item such as the Precision item, yet she was unable to demonstrate high levels of 

understanding on an easier item such as the Methods item. Robin‟s construct-aligned scores were 

3.3 for discussions, 3.6 for the interview, and 2.8 for the quiz. Her overall ability estimates, in 

logits ranging from -2.5 to 3.5, from item response modeling were 0.58 for the quiz and 2.06 for 

discussions. Of all six students, Robin had the widest range of abilities attributed to her in 

construct-aligned scores and ability estimates.  Her responses varied by item and to a lesser 

degree by mode, making her ability difficult to estimate.   
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Student  Level Precision  Method  Median  Mean 

 

Observable level 
 

  4d         

Katie  4c         

 4b D, I, Q        

Amanda  4a         

Jerod  3f       I  

 3e   D      

Robin  3d   I      

 3c   Q    D  

Judah  3b         

  3a         

 2b     D, I ,Q    

Michelle 2a         

  1a       Q 
 

Figure 28: Student Ability Estimation Construct Map for Robin 

 

Summary of Triangulation of Discussion, Interview, and Quiz 

Overall mean scores for the three modes were 2.6 for discussions, 2.7 for interviews, and 

2.6 for quizzes is shown in Table 44.  This resulted in overall mean score differences of 0.0 and 

0.1, and a mean of score differences of 0.05 in each mode.  Such small differences in mean 

scores indicated that students‟ scores were highly consistent, not only in two of the modes but 

across all three modes.  

 

Table 44: Overall mean scores in Discussions, Interviews and Quizzes 

Mode 

Mean 

Score 

Mean of Score 

Differences 

Discussion 2.6 0.05 

Interview 2.7 0.05 

Quiz 2.6 0.05 

 

Table 45 displays the correlations between overall scores in the three modes.  Overall 

discussion scores were found to have statistically significant correlations with the overall scores 

in the other two modes.  These correlations were 0.6 and 0.8 and indicated that although a 

relationship between them was found, they are not correlated so highly that they could be 

considered equivalent. Overall interview scores did not have a statistically significant correlation 

with overall quiz scores. 
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Table 45: Correlation of Discussion, Interview, and Quiz overall 

 

Discussion Interview Quiz 

Discussion 1.00 

  Interview 0.844* 1.00 

 Quiz 0.602* 0.420 1.00 

** Correlation is significant at the 0.01 level 

* Correlation is significant at the 0.05 level 

 

When investigating student by item consistency, Judah and Robin showed differences by 

item. Robin‟s inconsistency was isolated to a single item but Judah had moderate to weak 

consistency across three of the items. Overall, these large differences comprised only 8% of 

student by item data.  Overall, the student by item analysis demonstrated a high degree of 

consistency between responses for the rest of the scores across the discussions, interviews, and 

quizzes.  Analysis by student across items and items across students found that mean score 

differences and mean differences across all three modes were all lower than 1.0.  These results 

suggest that the scores were all consistently indicating student knowledge levels across the 

discussions, interviews, and quizzes. 
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CHAPTER 5:  DISCUSSION 

 

As Chapter 4 demonstrated, this study had positive findings of consistency of evidence of 

student learning gathered across discussions, interviews and quizzes.  These results indicate that, 

with construct-aligned processes for generating and interpreting evidence, student responses to 

prompts issued within the classroom can have moderate or better consistency levels as those 

obtained in other forms of assessment. The final chapter of this dissertation provides a summary 

of key findings and discusses the limitations and significance of this work, as well as future 

research directions that might be undertaken.  

Summary of Key Findings 

 This study investigated the relationship between evidence of student knowledge gathered 

in three forms of assessment.  The study was systematically designed to reduce the variations 

that might lead to differences between the forms of assessment so that comparisons of 

consistency could be examined.  The study included four analysis sections.  The first section 

investigated the consistency of rater scoring in the three forms of assessment. The second section 

investigated the consistency of scores determined in verbal cognitive interviews and written 

quizzes. The third section investigated the consistency of scores determined in verbal discussions 

and written quizzes.  The last section investigated the consistency of scores across discussions, 

cognitive interviews and quizzes. This section will highlight key results and draw conclusions 

from the study overall. 

 The results from rater analyses were strong, especially considering the complexities 

involved in analyzing discourse evidence with psychometric rigor. Factors that may have 

influenced the quality of evidence gathered from discussions were noted. Results showed strong 

overall consistency and moderate to strong consistency by mode, by item and by student. One 

finding worthy of note was the observation of an inverse relationship between student ability 

level and form of assessment.  Students, such as Katie, who were found to have higher levels of 

knowledge in the CoS construct were scored with less rater consistency, measured by correlation 

and proportion of exact agreement, in the quiz than in the discussions or interviews. Conversely, 

students such as Judah and Michelle who were found to have knowledge levels in the lower 

portion of the CoS construct, were scored with more agreement in the quiz than in interviews or 

discussions.  Although this pattern is based on analysis of a limited set of data, this finding 

suggests that future examination of the relationship between student levels of understanding and 

modes of assessment is needed. 

 The results from the three sections investigating the relationship between scores in 

discussions, interviews, and quizzes will be summarized here by highlighting key findings of 

consistency of students, of items, and of modes. The student analyses throughout this dissertation 

found moderate to strong consistency of students‟ scores across the three modes of assessment.  

In all but a few cases, calculations of score difference by student, means of item differences by 
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student, and percent agreement between students‟ scores found strong relationships between 

students‟ scores within and between items, and within and between modes. Investigation of those 

cases where consistency was not found revealed that differences likely resulted from changes in 

the student, rather than issues of scoring or of the measures. Specifically, Judah‟s inconsistency 

was a result of his overall performance on the quiz. His responses to all four items on the quiz 

indicated higher levels of understanding than discussions and interviews.  This suggested that 

either Judah was more adept at communicating his knowledge in writing than communicating 

aloud, or that some source (such as a student potentially having seen an afterschool tutor) not 

controlled for in this study resulted in a change in his overall level of knowledge.  Robin‟s 

largest inconsistency was found in item 4. This large difference may have resulted from her 

misinterpretation of the item on the quiz. Robin‟s score levels on the other items were found to 

be consistent within each item across the three modes, but inconsistent across items.  

 Item analyses found somewhat more than expected consistency of item scores in the 

discussions, interviews, and quizzes. Calculations of score difference by item, means of student 

differences by item, and percent agreement between item scores found strong relationships 

between items‟ scores within and between students, and within and between modes in three of 

the four items.  Results for item 4 showed substantial inconsistencies for a few students and 

differences across the three modes. These inconsistencies may have resulted from the slight 

variations in scenario context used in the assessments or perhaps resulted from variations in the 

learning processes of students who were grappling with the complex concepts elicited by the 

item. Correlations between item pairs found that paired item 2 was correlated with statistical 

significance in all three modes, and item 4 was correlated with statistical significance in 

discussions and quizzes.  The remaining item pairs were not found to correlate with significance. 

Deeper investigation of those low correlations indicated that perhaps a correlated relationship 

could not be established, particularly for item 3 because the small score set had too little 

variation in scores to be computed.  Finally, item analyses using item response modeling found 

that the quiz items parameter estimates showed good fit.  In the discussions, which were 

anchored to the quiz parameters, item fit indices showed that three item parts performed too 

randomly. Wright Maps showed good item distribution but indicated a lack of difficult items. 

Overall, results from the study found that student responses in discussions, interviews, 

and quizzes could be consistently scored and used to determine students‟ levels of understanding. 

Calculations of overall score differences and means of score differences across the three modes 

found that consistency was moderate or strong for all students and all items.  Score difference 

and percent agreement calculations indicated that scores in the discussion and quiz had stronger 

consistency than either mode had with the interview. Similarly, correlations between the 

discussions, interviews and quizzes across all students and all items indicated that a statistically 

significant correlation was found between discussions and quizzes, and discussions and 

interviews but not between interviews and quizzes.  Those correlations were modest suggesting 
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that although a positive relationship was found, they were not so highly correlated as to be 

considered equivalent. 

Significance of the Work 

A significant contribution of this work is the application of the construct as a tool for 

coordinating instructional moves, assessment design, evidence interpretation, and analytical 

decisions. If a primary goal of instruction is to foster and realize student growth as demonstrating 

skills, attributes, and performances within a learning domain, and one primary goal of 

assessment is to elicit, acknowledge, and interpret student progress as the demonstration of skills, 

attributes, and performances within a learning domain, then perhaps it is natural for an embedded 

system that integrates the two to pivot on a shared axis such as the construct.  This work has 

shown that in the classroom, the construct can be used to prompt focused student articulation on 

particular concepts. Linking methods have been used to design linked prompts across 

discussions, interviews and quizzes. This work has shown that listening for and deciphering 

evidence of student knowledge by relating it to a learning construct can guide consistent 

interpretations of evidence.  Finally, evidence from various sources can be used to acknowledge 

individual student knowledge related to construct levels. The centrality of the construct made for 

a consistent basis for the connections across the design, interpretation, and analysis of a unified 

instructional and traditional assessment system. 

Another significant contribution of this study was the administration of assessments as a 

part of classroom discussions to elicit evidence of student knowledge. While this study did not 

compare different types of classroom interactions or methods of formative assessments, the 

teacher-orchestrated discussions used in this study, were found to be sufficiently conducive to 

the elicitation of student evidence. The teacher-orchestrated conjecture-based whole-class 

discussions were focused on construct-linked performance ideas, which generated student 

responses that were both conceptually targeted and articulated as reasoned arguments. Other 

instructional formats might have allowed for the conversation to be dominated by a few students 

or only on accurate ideas; however discussions used in this study were intended to elicit a range 

of evidence of student knowledge from every student in the class. Future research should 

investigate which characteristics of classrooms, classroom events, and student work products are 

particularly conducive to the generation of quality evidence of student learning. 

Another significant contribution of this work is the establishment of a systematic process 

for collecting and analyzing both text and numerical data for quantitative analysis.  If on a 

moment-to-moment basis “insights are to be used to move learning along rather than merely to 

keep score on how much learning has occurred so far, then assessment has to occur in the middle 

of instruction, not only at end points” (Shepard, 2000, p. 43).  Methods used in this research to 

design prompts, create units of analysis, and score responses transformed qualitative dimensions 

into quantitative variables for modeling.  A systematic and repeatable process, such as the one 
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described in this research, is critical to be able to determine whether or not instructionally-

embedded assessments are valid for use for both instructional and accountability decisions.   

This study took a psychometric approach to the interpretation and scoring of evidence so 

that nuanced scoring of evidence from interviews and discussions was summarized into units of 

analysis comparable with quiz scores.  A future opportunity initiated in this work is the 

availability of the underlying nuanced scores for use in making analytical decisions. For 

example, an integrative approach to interpretations such as those described by Moss (1994) 

might incorporate nuanced scores into analyses used to better understand individual learners in 

light of the elements that comprise their understanding and the uniqueness of their learning 

styles.  Further, the prospective use of nuanced learning data should initiate a rational debate 

about how interpretations of granular evidence can be reliably and validly summarized.  

Finally, this work is a significant contribution to the field because it supports making a 

shift in how teachers and researchers look for and identify changes in understanding in students. 

Currently there is a lack of classroom-based evidence of student learning used in quantitative 

analyses for evaluation and accountability purposes. Accountability measures fail to provide 

results that can be used for instructional decisions-making and gain only partial access to the 

nature of learning in schools (Black & Wilson, 2009; Popham et al, 2005; Wiliam, 2010). The 

research undertaken in this study shifts the focus away from a sole reliance on outcome measures 

of multiple-choice paper-pencil assessments to the inclusion of a wide variety of classroom-

based sources of evidence. Using this framework, it is plausible that evidence, for summative 

and formative purposes, might come from any number of student work products (Mislevy et al, 

2007) resulting from construct or learning progression-aligned tasks, activities, small group 

conversations, or whole class discussions. Broadening the notion of assessment to include 

prompts and responses that are obtained proximally, where learning occurs, changes the primary 

focus of assessments from “how we can assess students” to the more important question, “how 

do we know students have learned”? 

Limitations of the Work 

One major limitation is the small sample size used in the research. Although the small 

sample of students and items made this preliminary exploration of methods and analyses 

manageable, the small sample size was insufficient for various analytical computations and made 

the interpretation of results more difficult. For example, the sample of student responses for the 

quiz and discussions was the whole class of sixteen students, but interviews were only performed 

with six of the sixteen students, reducing the matched set of data to six students for the rater 

reliability analysis, interview to quiz analysis, and triangulated analysis. Even the full class of 

sixteen students was insufficient for robust item response analysis as less is known about the 

effects of small samples on results.  Interpretations of item and person fit statistics are generally 

interpreted as fitting when weighted mean squares are within 0.75 to 1.33 with an absolute t-

statistics less than 1.96.  In this study, weighted mean squares that were out of the range often 
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had t-statistics that were less than 1.96. The effect of the small sample on these calculations is 

unknown which complicated interpretations.  Other item response computations such as 

differential item functioning and rater analysis could not be performed with the small sample 

data. The collection of a larger sample in the future will facilitate the use of more sophisticated 

analytical techniques such as multidimensional item response or multi-level modeling to 

investigate student, item, and data relationships. 

Another limitation of this study is the lack of information for making comparisons 

between classes. Numerous factors may have influenced the availability, quality, interpretability, 

and consistency of evidence of student knowledge collected in this study. The results of this 

study are likely influenced by the unique circumstances of this study, which was conducted in a 

classroom equipped with a strong teacher, students who spent two consecutive years working 

together, and a low student-teacher ratio. This study did not collect comparison data to 

investigate the effects of the unique circumstances so the influence of these factors on the 

qualities of evidence of student knowledge collected is unknown.   

The study was limited because there were no systematic mechanisms to notice and 

correct for varying levels of quality evidence produced by each student. The evidence gathered 

per student in the three modes varied considerably by the level of written or verbal articulation 

conveyed by the student. For example, students who are verbally-inclined provided more 

information in interviews and discussions that could be used to make scoring determinations. 

Other students who are better at writing provided more information in quizzes and tests and 

although some children are equally fluent in written and verbal forms, there are also students for 

whom neither comes easily. The difficulty lies in that, for the students who are more adept with 

one over the other or in neither, there are fewer data points for making decisions about the 

student‟s level of understanding than those students who are adept in all of the modes.  The 

quality of evidence gathered within a class discussion, as noted in the rater reflections section, 

depended on the talkativeness of the student (verbosity), the clarity of student‟s idea 

(interpretability), level of “on topic” articulation (responsiveness), the uniqueness of the 

contribution (uniqueness), number of points of evidence per student (frequency), and density of 

evidence over time (density). In the future, data collection should be monitored to initiate 

changes in teacher or interviewer prompting techniques to more evenly elicit high quality 

evidence from all students. 

Although not a limitation of this study per se, concern has been raised about the viability 

of this work at scale.  The question is whether or not on a larger scale the collection and 

interpretation of evidence of student knowledge from discussions might be overly burdensome. 

Exploration of which characteristics and routines are critical for gathering and interpreting this 

data is needed.  The use of a small sample in this preliminary exploration has led to the 

conceptualization of (so far, undocumented) contextual structures, organizational methods, and 

innovative technological assistance that could reduce the burden and improve adoptability of 

discussions as a source of evidence about student knowledge.   
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Future Directions 

As earlier sections have noted, the next step in this work is the collection of a larger 

sample of assessment responses in a similarly enriched assessment environment. The collection 

of a larger sample will require training additional teachers on the methods used in this study for 

instruction and assessment.  Teachers will also need to be trained on relevant constructs and 

learning progressions. Further, the collection of a larger sample will necessitate the creation of 

scalable methods for data collection and response scoring. In addition to analyses begun in this 

study, the larger sample will enable the analysis of dimensionality, differential item functioning, 

and the investigation of issues resulting from missing data. A larger sample enables the use of 

more sophisticated forms of analysis in explanatory item response models, multilevel models, 

and growth models. Future analysis should include variables such as level of student 

engagement, class size, teacher quality and resources to investigate the factors that may influence 

the quality and consistency of evidence. 

This line of research could also be used to study learning in other domains.  The process 

of establishing alignment between the various components of instruction and assessment can be 

replicated for other domains that contain more or less detail than the CoS construct used here. 

Similarly, this method can be used to investigate a multidimensional learning progression such as 

the Data Modeling and Statistical Reasoning Learning Progression (Lehrer & Wilson, 2011). A 

multidimensional analysis might yield interesting information about how students interact with 

response formats within and across dimensional constructs. 

Earlier sections mentioned that in order to investigate the use of this framework more 

widely, future research is needed to test the viability of the model in other, less ideal, settings.  

This study benefited from having a high quality teacher who looped with the students for 

multiple years.  The community established between students and students with their teacher 

over this time is noteworthy as it may contribute to the comfort and fluency with which the 

students engage in this form of instruction.  Further, the teacher and students had access to 

graduate students, co-teachers, assessment experts, external raters, recording devices, unlimited 

material resources (paper, post-its, calculators, measuring tools), laptop computers, and data 

analysis software.  There are likely scenarios where this line of inquiry is not as easily replicated. 

It would be interesting to investigate which elements of the instructional environment are the 

most essential components for enabling this work.  

Future research should rely on nuanced evidence of learning to investigate patterns of 

learning in a domain quantitatively. A teacher who knows her students well would likely be able 

to describe the learning styles of her students and how her students learn differently in different 

domains. Differentiated instruction expects that the teacher acknowledge those differences to 

design ways of addressing student needs in the classroom. While some students quickly grasp 

concepts, others grasp them slowly. While some students are consistent and careful with 

computations, others regularly make mistakes. While some students are able to synthesize ideas 

easily, others draw fewer connections. Discussions elicit individualized evidence about the ways 
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student thinking changes. If consistently documented, a pattern of learning emerges over time as 

each shift in student performance indicates the manner in which the student is learning. Patterns 

of learning from within the classroom can be used specifically to aid teachers in the process of 

differentiating instruction, forecasting student abilities, and to design visual learning pattern 

maps for groups of students or individuals.  The same data can be used to facilitate formal and 

generalizable analyses of common learning pathways to aid curriculum and assessment 

development. 

Finally, future research should investigate the adoptability of this model by teachers and 

other researchers to determine the degree to which teachers adopt, adapt and make use of 

processes for formally marking levels of student understanding and drawing connections 

between individual levels of understanding and the learning goals.  “Although single-teacher 

assessments may be significantly less reliable than formal, external tests, it is nonetheless 

possible for teachers operating in a systematic way over time to develop highly accurate 

assessments of student learning” (Shepard, 2000, 35-6). One modification to my approach might 

be to limit the source of discussion evidence to conversations where students‟ reflect on their 

own formal assessment responses and investigate how reliably teachers, with the proper tools, 

training, and time, can determine students‟ levels of understanding in the two contexts.  The 

methods established in this research could be adapted to investigate the validity of teacher 

judgments of student understanding and test the comparability of teacher and researcher 

interpretations of classroom discussion evidence. 
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Appendix 

 

Appendix 1: Research questions and method 

Research Questions Sample  Methods Instruments  Technique 

1. What level of interrater 

reliability can be attained 

when scoring evidence of 

student knowledge from 

class discussion instruction, 

cognitive interviews and 

written quiz assessments?   

Raters 

n=2 

Dual rater 

scoring 

- Responses 

from six students 

on all 

instruments. 

Rater analysis 

2.  What, if any, is the 

relationship between the 

inferences of student 

knowledge drawn from 

cognitive interviews and 

from class quizzes? 

Math 

students  

n=6 

Linked quiz & 

interview 

containing 12 

prompts each 

- Class quiz #2.5  

- Interview 

protocol, audio 

recordings and 

transcripts 

Response 

process analysis 

and  

validity analysis 

3. What, if any, is the 

relationship between the 

inferences of student 

knowledge drawn from 

conjecture-driven whole 

class discussions and from 

class quizzes? 

Math 

students 

n=16 

Linked quiz & 

instruction 

containing 12 

prompts each 

- Class quiz #2.5  

- Observation, 

video recording  

and transcripts of 

discussion 

instruction   

Discourse 

analysis, 

response 

process 

analysis, and  

validity analysis 

4.  To what degree can a 

triangulated relationship be 

established between 

evidence of student 

knowledge drawn from 

class discussion instruction, 

cognitive interviews and 

written quiz assessments? 

Math 

students 

n=6 

Linked data 

triangulation 

of equal 

status, 

sequential, 

independent 

measures 

- Class quiz #2.5 

- Interview 

protocol, audio 

recordings and 

transcripts 

- Observation, 

video and 

transcripts  of 

discussion 

instruction 

Methodological 

concurrent 

triangulation 

analysis 
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Appendix 2: Class Quiz Instrument 

QUIZ 

 

Name: 

Teacher: 

Date: 

 

 

1.  Two classes of students measured the height of a young tree located next to the school gate.  Here are their 

results: 

 

 

 

Leah and Mark wanted to know which class was more precise (or less spread out) in their measurements. They each 

came up with a way to represent how precise the class‟s measurements are.  

Leah’s method: She subtracted the smallest measurement value from the largest measurement value. . 

Mark’s method: He subtracted the value at the 25
th

 percentile from the value at the 75
th

 percentile.  
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a. If you use Leah’s method: 

I. What is the measure of precision for class A? ____ (Show how you got the result) 

 

 

 

 

 

 

II. What is the measure of precision for class B? ____ (Show how you got the result) 

 

 

 

 

 

 

 

 

 

 

III. What conclusion would you draw from using Leah‟s method? Which class is more precise? 

_________________________________________________________________________________________

_________________________________________________________________________________________ 
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b. If you use Mark’s method: 

I. What is the measure of precision for class A? ____ (Show how you get the result) 

 

 

 

 

 

 

 

II. What is the measure of precision for class B? ____ (Show how you get the result) 

 

 

 

 

 

 

 

III. What conclusion would you draw from using Mark‟s method? Which class is more precise? 

_________________________________________________________________________________________

_________________________________________________________________________________________ 

 

 

c.  Compare Leah and Mark‟s methods; will they lead you to the same conclusions? Why or why not? 

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________ 
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2. A group of musicians measured the width of a piano (in centimeters).  They measured the width of the piano two 

times using different measuring tools each time.  The graphs below display the groups‟ measurements using each 

tool. 

 

 

 

 

 

 

 

 

 

 

              Piano width (cm) using tool 1     Piano width (cm) using tool 2 

 

a. Using the graphs above, do you think tool 1 or tool 2 helped the musicians get more precise measurements?      

 (  ) Tool 1     (   ) Tool 2 

 

Explain how the two graphs helped you decide about the precision of the tools. 

__________________________________________________________________________________________

__________________________________________________________________________________________ 

 

b. How would you find the precision of tool 1?  (you don‟t need to calculate this value) 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 

c. How do you know if your method is good? 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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3.  A class of 10 students measured the height of the bookshelves in the school library. Here are the 10 

measurements (in centimeters). 

  

220, 228, 236, 231, 226, 224, 223, 231, 232, 229 

 

a. What is the median of their measurements? ______________________________ 

b. How did you find the median? _________________________________________  

______________________________________________________________________________________

______________________________________________________________________________________ 

4. Students received their final grades in Science today.  In addition to giving each student their grade, the teacher 

also told the class about the overall class average.   

  

 

Student 

Final grade of 

student 

Robyn 10 

Jake 9 

Calvin 6 

Sasha 7 

Mike 8 

Lori 8 

 

a.  When the teacher finished grading Mina‟s work and added her final grade into the overall class average, the 

overall class average increased.  What could Mina‟s final grade have been?  (Show your work). 

______________________________________________________________________________________

______________________________________________________________________________________ 

 

b. A different time, when the teacher finished grading Carl‟s work and added his final grade into the overall 

class average, the overall class average stayed the same.  What could Carl‟s final grade have been?  (Show 

your work) 

______________________________________________________________________________________

______________________________________________________________________________________ 

 

c.  A different time, when the teacher finished grading Danielle‟s work and added her final grade into the 

overall class average, the overall class average went down.  What could Danielle‟s final grade have been?  

(Show your work) 

______________________________________________________________________________________

______________________________________________________________________________________ 
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Appendix 3: Example of Quiz responses 
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 101 
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Appendix 4: Cognitive Interview Assessment Instrument 

 

Interview 
 

Name: 

Teacher: 

Date: 

 

 

1. A group of soccer fans measured the distance between the player and the goal for the kick that scored the winning 

goal. They measured the distance two times.  The first time they used a yardstick and the second time they used a 

tape measure.  The graphs below display their measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. Using the graphs above, which tool do you think helped the soccer fans get more precise measurements?      

 (  ) Yardstick    (   ) Tape measure 

 

b. Explain how the two graphs helped you decide about the precision of the tools. 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________ 

c. How would you find the precision of the yardstick?  (you don‟t need to calculate this value) 

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________

______________________________________________________________________________________ 

d. How do you know if your method is good? 

______________________________________________________________________________________

______________________________________________________________________________________ 
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2.  Two classes measured the height of an eagle‟s nest in the top of a tree.  Here are their results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sam and Amy wanted to know which class was more precise (or less spread out) in their measurements. They each 

came up with a way to represent how precise the class‟s measurements are. 

Sam’s Method:  He subtracted the value at the 25
th

 percentile from the value at the 75
th

 percentile. 

Amy’s Method:  She found all of the repeat values, and then she counted the number of repeat values and divided 

by the total number of values (the percent agreement method). 

 

a. If you use Sam’s method: 

What is the measure of precision for class A? ____ (Show how you got the result) 

What is the measure of precision for class B? ____ (Show how you got the result) 

What conclusion would you draw from using Sam‟s method? Which class is more precise? 

_________________________________________________________________________________________

______________________________________________________________________________________ 

 

b. If you use Amy’s method: 

What is the measure of precision for class A? ____ (Show how you get the result) 

Height of the nest in feet 

Class B measurements 

C
o

u
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Class A measurements 

Height of the nest in feet 

C
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m
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ts
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What is the measure of precision for class B? ____ (Show how you get the result) 

What conclusion would you draw from using Amy‟s method? Which class is more precise? 

_________________________________________________________________________________________

_________________________________________________________________________________________

__________________________ 

 

 

c.  Compare Amy and Sam‟s methods; will they lead you to the same conclusions? Why or why not?  What does this 

tell you about how good Amy and Sam‟s methods are?  

_________________________________________________________________________________________

_________________________________________________________________________________________

________________________________________________________________________________________ 
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3.  A class of 10 students measured the height of the tallest tree in the school playground. Here are the 10 

measurements (in feet). 

  

20, 28, 36, 31, 26, 24, 23, 31, 32, 29 

 

c. What is the median of their measurements? ______________________________ 

d. How did you find the median? _________________________________________  

______________________________________________________________________________________

______________________________________________________________________________________ 

 

4. Students brought M&Ms to share with the group. Each person brought as much as they had at home.  The 

M&Ms were combined and given out to each person evenly so that each person got an equal number of M&Ms.  

  

 

Student 

Number of M&MS 

each brought 

Robyn 25 

Jake 37 

Calvin 32 

Sasha 22 

Mike 19 

Lori 45 

   

a.  Sara arrived and added her M&Ms, and the number of M&Ms each person got increased.  How many 

M&Ms could Sara have brought?  (Show your work). 

______________________________________________________________________________________

______________________________________________________________________________________ 

 

b.  A different time, Timothy arrived and added his M&Ms, and the number of M&Ms each person got stayed 

the same.  How many M&Ms could Timothy have brought?  (Show your work) 

______________________________________________________________________________________

______________________________________________________________________________________ 

 

c.  Another time Brian brought in M&Ms, and the number of M&Ms each person got decreased.  How many 

M&Ms could Brian have brought?  (Show your work) 

______________________________________________________________________________________

______________________________________________________________________________________ 
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Appendix 5: Portion of Transcript from Cognitive Interview, Katie's Item 4 

ITEM 4: Influences on the Mean, M&Ms 

K= Katie 

I= Interviewer 

K: (reading aloud) Students brought M&Ms to share with the group. Each person brought as 

much as they had at home.  The M&Ms were combined and given out to each person evenly 

so that each... So when Sara arrived and added her M&Ms, and the number of M&Ms each 

person got increased.  How many M&Ms could Sara have brought?  OK…..  Then add em 

all up. 

I: And how come you‟re adding em all up? 

K: So to see how much each person gets you have to add em up and then you divide by how 

many people you have. 

I: OK 

K: 30 so they‟re each gonna get 30 with 6 people. (math muttering) 

I: So tell me what you just did. 

K: Hang on. Um what I did was I added up all theirs first and divided by 6.  And then I said 

that she brought 50. She could have brought 5 M&Ms. 

I: Why 50? 

K:  It‟s just a number, it‟s bigger than all these numbers. So she could add something to it. 

So if she brought 50 M&Ms.You add in her 50 to 180 and then you divide by 7 because 

there is one more person. And you, it gets you 32.85 

I: What is the lowest number she could have brought? 

K: Um.  Hold on. The lowest number. Hold on. 

I: What did you just try? 

K: I tried 5 and  if she brings 5 then it would decrease because you‟d have more people but 

not enough M&Ms. OK. 

I: Now what did you try? 

K:  45.  And that one..So I think that would be the lowest you could go.  Cause it has to add 

to it and you need to have this and then you need to have more for yourself and then some 

for everybody else.  And get them to give you some too. 

I: So how many M&Ms do you think Sarah brought? 

K: I think she would have brought 50. 

I: Why? 

K: Yeah… because that would have added to it and made the number go up. 

I: So do you want to write that there.  

K: Yeah. (writing, silence) Ok. (reading aloud) A different time, Timothy arrived and added 

his M&Ms, and the number of M&Ms each person got stayed the same.  How many M&Ms 

could Timothy have brought?  OK.   

I:  So what are you thinking? 
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K: If he brought 30 then it would have stayed the same since everyone else already had 30. 

I: And you‟re checking it? 

K: Yeah.  (math muttering) Yeah, it would be 30. 

I: What made you think 30?   

K: Because since everybody else had already split up all their M&Ms and they had 30 per 

person.  So if he brought 30 too then they‟d each have 30 too and they wouldn‟t have to 

worry about it. (writing) OK. (reading aloud) Another time Brian brought in M&Ms, and the 

number of M&Ms each person got decreased.  How many M&Ms could Brian have 

brought?  (no pause) He could have brought 5.  

I: Could he have brought a different number than 5? Or only 5? 

K:  I think he could have brought any number below 45 because then they would have to 

split them up more to get everybody to have the same number. 

I: And why 45? 

K: Because 45 is their highest number so if it is over that than you know you would have to 

have them break theirs up instead of everybody keeping what they brought. 

I: And what if Brian brings, say 35? 

K: (calculates) Then it would be 30.7, or 0.7 more.  But it‟s not enough to really change it.  

It would be pieces of M&Ms. You‟d be getting pieces of M&Ms instead of a whole one so it 

doesn‟t change anything. 

I: So for the number to decrease, it is anywhere between 5 and what number?  

K: I think we said 35.   

I: 35 increases or decreases? 

K: 35 made it increase but only a little bit. 

I: OK. And what if he brought zero? 

K: Then they‟d have to split it up and he would have some too. Then it would really change 

the number because it wouldn‟t add anything but there would be another person added to it 

anyway.  
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Appendix 6: Quiz Interpretation Guide 

 

1. Compare methods:  Leah and Mark‟s methods 

A. Leah‟s method, correct solutions: 

1) Class A: 30 (0, 1)  

2) Class B: 18 (0, 1)  

3) Class B is more precise according to Leah‟s method. (0, 1 using their own answers, 

even if incorrect, are they correctly comparing their conclusions?) 

B. Mark‟s method, correct solutions: 

1) Class A: 4  (0, 1) 

2) Class B: 8   (0, 1) 

3) Class A is more precise according to Mark‟s method. (0, 1 using their own answers, 

even if incorrect, are they correctly comparing their conclusions?) 

C. Compare two methods, correct solution: They lead to different conclusions (0, 1 using 

their own answers, even if incorrect, are they correctly comparing their conclusions) 

D. Overall:  Looks across A-C  (1 to 5) 

Methods Overall Conceptions of Statistics (CoS) 

Score Levels Response Interpretation guides 

5 CoS4(a),(c),(d) Summary: a) Provides a valid and consistently applied 

interpretation of method described to all method-class 

procedures; b) Draws a conclusion that correctly interprets 

results from Parts A & B; c) Draws a conclusion that correctly 

compares conclusions from A & B that includes a justification 

based on the properties of the sample. 

  

“30,18. 4,8. Class B is precise in Leah‟s.  Class A is more 

precise in Mark‟s.  They are leading to different conclusions" 

4 CoS3(a-f)+ Summary: a) Provides a valid and consistently applied 

interpretation of method described to most (but not all) of the 

procedures; b) Draws a conclusion that correctly interprets 

results from Parts A & B;  c) Draws a conclusion that correctly 

compares conclusions from A & B. 

 

“35,20. 4,8. Class B is precise in Leah‟s.  Class A is more 

precise in Mark‟s.  They are leading to different conclusions" 

3 CoS3(a-f) Summary: a) Provides a valid and consistently applied 

interpretation of method described to most (but not all) of the 

procedures; b) Draws a conclusion that incorrectly interprets 

results from Parts A or B;  c) Draws a conclusion that correctly 

compares conclusions from A & B. 

 

“35,20. 4,8. Class A is precise in Leah‟s.  Class A is more 

precise in Mark‟s.  They lead to the same conclusion." 
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3- CoS3 (a-f)- Summary: a) Provides a valid and consistently applied 

interpretation of method described to most (but not all) of the 

procedures; b) Draws a conclusion that correctly interprets 

results from Parts A or B;  c) Draws a conclusion that 

incorrectly compares conclusions from A & B. 

 

“35, 20. 4,8. Class B is precise in Leah‟s.  Class A is more 

precise in Mark‟s.  They lead to the same conclusion." 

2+ CoS2(b)+ Summary: a) Provides a valid and consistently applied 

interpretation of method described to all four method-class 

procedures; b) Draws a conclusion that incorrectly interprets 

results from Parts A or B;  c) Draws a conclusion that 

incorrectly compares conclusions from A & B. 

 

“30, 18. 4,8. Class A is precise in Leah‟s.  Class B is more 

precise in Mark‟s.  They lead to the same conclusion." 

2 CoS2(b) Summary: a) Provides a valid and consistently applied 

interpretation of method described to most (but not all) of the 

procedures; b) Draws a conclusion that incorrectly interprets 

results from Parts A or B;  c) Draws a conclusion that 

incorrectly compares conclusions from A & B. 

 

“35, 20. 4,8. Class A is precise in Leah‟s.  Class B is more 

precise in Mark‟s.  They lead to the same conclusion." 

2- CoS2(b) - Summary: a) Provides a valid and consistently applied 

interpretation of method described to some (but not all) of the 

procedures; b) Draws a conclusion that incorrectly interprets 

results from Parts A or B;  c) Draws a conclusion that 

incorrectly compares conclusions from A & B. 

 

“35, 20. 4,9. Class A is precise in Leah‟s.  Class B is more 

precise in Mark‟s.  They lead to the same conclusion." 

1 CoS1 Summary: Unable to interpret the context to provide any 

accurate values or draw conclusions, but provides some visual 

summary of the data or methods. 

  

“They methods both sound really good so they can probably tell 

the graphs are precise.” 
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2. Precise tool:  Musician measured the pianos 

a. Correct solution: Tool 2 (0 , 1) 

 

b. How graphs helped, correct solutions:  Describes the clumping, tightness or close 

proximity of data points. (0 , 1) 

 

c. How to find precision, correct solutions:  Various descriptions of central tendency such as 

percent agreement, interquartile range, absolute value of differences, median/mode, or 

using method names from within class such as AMK method, Dilovan method (0 , 1) 

 

d. How to know whether or not your method is good, correct solutions:  Repeated 

experimentation (replicability), useable in other contexts (generalizability) (0 , 1) 

 

e. Overall: Looks across parts a-d  (1 to 5) 

 

Precise Tool  Conceptions of Statistics (CoS) 

Score Levels Response Interpretation guides 

5 CoS4(c)(d) Summary: a) Selects the more precise tool; b)Describes the 

clumping, tightness or taller stacks of the display;  c) Explains some 

procedure or reasoning that includes a central value and the 

proximity of all other values to that point; d) Describes repeatability 

or generalization of method to other contexts. 

  

“Tool 2. Tape measure is better because it has more of a squeezed 

in type of look. I would look at the bins that had the most measures 

it and see if how close they are to the median.  The method is good 

because you can do it again.” 

4 CoS4(a)(b) Summary: a) Selects the more precise tool; b)Describes the 

clumping, tightness or taller stacks of the display;  c) Explains some 

procedure or reasoning that includes a central value and the 

proximity of all other values to that point; d) Does not describe 

repeatability or generalization. 

  

“Tool 2. Tape measure is better because it has more of a squeezed 

in type of look. I would look at the bins that had the most measures 

it and see if how close they are to the median.  The method is good 

because it worked.” 

“Tool 2.  Tape measure is better because it is squished together 

more.  I would find the median then find how far each measure is 

from the median. Because when you find the median you know it‟s 

in the middle.” 
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3 CoS3 

(a)(b) 

Summary: a) Selects the more precise tool; b) Describes the 

clumping, tightness or taller stacks of the display;  c) Explains some 

procedure or reasoning that does not includes a central value and 

the proximity of all other values to that point; d) (+) May or may 

not describe repeatability or generalization of method to other 

contexts. 

 

 “Tool 2. I decided by seeing which one's numbers were more tight 

and which one's weren't.  I would calculate precision.  (+)You have 

a group of about 10 to 15 people try it out.” 

2 CoS2 

(a)(b) 

Summary: a) Selects the more precise tool; b)Describes a 

justification that does not include display tightness;  c) Explains 

some procedure or reasoning that does not includes a central value 

and the proximity of all other values to that point; d) (+) May or 

may not describe repeatability or generalization of method to other 

contexts; 

  

“Tape measure, Tool 2.  A yardstick you can mess up on, but a tape 

measure is just one long like stick with # on it, so you can't mess 

up.  Like if I had one 50 and four 51s I would think that 51 was the 

tightest.  (+) Ask other people if they can do my method.” 

2- CoS2 

(a)(b)- 
Summary: a) Selects the less precise tool; b)Describes a 

justification that does not include display  tightness;  c) Explains 

some procedure or reasoning that does not includes a central value 

and the proximity of all other values to that point; 

  

“Tool 1, Yardstick. Because I feel ask if in the first one distance (in 

ft) using a yardstick has more information all requirements while in 

tape doesn't have. You subtract the highest value which is 91 from 

70 and your answer is 21.  That's how you found your precision.” 

1 CoS1 (a) Summary: Describes precision informally without providing a 

value. 

  

“The precise one is where most of measurements are.” 
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3. Median:  Finding the median 

a. The median, correct solution: 228.5  (0 , 1) 

 

b. Procedure description, correct solution: 1) order, 2) locate the middle numbers, 3) 

average between the two middle numbers  (1 to 4) 

 

Median b Conceptions of Statistics (CoS) 

Score Levels Response Interpretation guides 

4 CoS2 Summary: Provides a detailed and accurate description of, or 

reasoning for, the calculation of median 

  

“I first ordered the measures from least to greatest then divided the 

measures in half and said what is in the middle of 228 and 229 and got 

28.5” 

3 CoS2 (b) - Summary:  Describes a method that would correctly lead to the 

median 

“228. I ordered the numbers and found the middle number in the 

list.” (The student‟s work shows that they failed to include 231 two 

times, even though it was a repeating value) 

“The median is 226.5. Order the values, counted how many 

numbers were in the list, divided that number by two and counted 

that many to see which number was the middle number in the list.”  

  

2 CoS2 (b) - Summary: Describes a method that would not have led to the 

median, such as ordering and finding the middle without 

acknowledging the need to find the average/middle of the middle 

two data points 

“The median is 228.5. I went 5 on 1 side and 5 on the other side and 

ten I found the middle of the 5the one on each side.” 

2- CoS2 (b) -- Summary: Describes an invented method, possibly confusing 

elements of various statistical techniques. 

“8. I ordered all the numbers from least to greatest. I subtracted the 

highest from lowest and divided by 2, I got 8.”  

“The median is 231, there were two 231s, and they are the highest 

so they‟re more accurate.”  

1 CoS1 (a) Summary: Describes the median informally without providing a 

value. 

  

“The median is where most of measurements are.”  
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4. Influences on the mean:  Final grades in science 

a. Add a number that increased the class average, solution: Value greater than 8 (1 to 5) 

b. Add a number that did not change the class average, solution: Value equal to 8   

(1 to 4, highest level cannot be achieved) 

c. Add a number that decreased the class average, solution: Value less than 8 (1 to 5) 

 

Conceptions of Statistics (CoS) for “Influence on the Mean” item 

Sc Levels Response Interpretation guides 

5 CoS4 (c-d) Summary: a) Recognizes the need to calculate the mean; b) Calculates 

the mean accurately; c) Predicts and justifies changes that would result 

based on changes to the sample; d) Notices that the behavior of the 

statistics is regular and predictable. 

Part a “Class average is 8.  She could have gotten more than 8.”   

Part c “Class average is 8.  She could have gotten less than 8.” 

“Class average is 8. She could have 0 all the way up to 8 and it would 

decrease.” 

4 CoS3 (c-f) Summary: a) Recognizes the need to calculate the mean; b) Calculates 

the mean accurately; c) Changes the mean by calculating a single value 

but selects a value that is directionally correct. 

Part a “Class average is 8.  She could have gotten 10.”   

Part b “Class average is 8.  She could have gotten 8.”   

Part c “Class average is 8.  She could have gotten 7.” 

3 CoS3 (c-f)- Summary: a) Recognizes the need to calculate the mean; b) Calculates 

the mean incorrectly; c) Changes the mean by calculating a single value 

but selects a value that is directionally correct. 

Part a “Class average is 7.  She could have gotten 10.”   

Part b “Class average is 7.  She could have gotten 7.”   

Part c “Class average is 7.  She could have gotten 5.” 

2 CoS2 (b) Summary: a) Recognizes the need to calculate the mean; b) Calculates 

the mean accurately; c) Changes the mean by arbitrarily selecting values 

that are not directionally correct. 

Part a “Class average is 8.  She could have gotten 7.”   

Part b “Class average is 8.  She could have gotten 6.”   

Part c “Class average is 8.  She could have gotten 9.” 

2- CoS2 (b)- Summary: a) Recognizes the need to calculate the mean; b) Calculates 

the mean incorrectly;  

“Class average is 6.” (student does not provide additional answers) 

1 CoS1 Summary: Unable to interpret the context or approach the item. 

“0 because to stay the same just add zero.” 

“Her grade will go down.” 
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Appendix 7: Cognitive Interview Interpretation Guide 

 

1. Precise tool:  Soccer Fans 

a. Correct solution: Tape measure  (0 , 1) 

b. How graphs helped, correct solutions:  Describes the clumping, tightness or close 

proximity of data points.  (0 , 1) 

c. How to find precision, correct solutions:  Various descriptions of central tendency such as 

percent agreement, interquartile range, absolute value of differences, distance from the 

median/mode, or using method names from within class such as AMK method, Dilovan 

(CD) method  (0 , 1) 

d. How to know whether or not your method is good, correct solutions:  Repeated 

experimentation (replicability), useable in other contexts (generalizability) (0 , 1) 

e. Overall: Looks across parts a-d  (1 to 5) 

Precise Tool  Conceptions of Statistics (CoS) 

Score Levels Response Interpretation guides 

5 CoS4(c)(d) Summary: a) Selects the more precise tool; b) Describes the clumping, 

tightness or taller stacks of the display;  c) Explains some procedure or 

reasoning that includes a central value and the proximity of all other 

values to that point; d) Describes repeatability or generalization of 

method to other contexts. 

“Tape measure. Tape measure is better because it has more of a 

squeezed in type of look. I would look at the bins that had the most 

measures it and see if how close they are to the median.  The method is 

good because you can do it again.” 

4 CoS4(a)(b) Summary: a) Selects the more precise tool; b) Describes the clumping, 

tightness or taller stacks of the display;  c) Explains some procedure or 

reasoning that includes a central value and the proximity of all other 

values to that point; d) Does not describe repeatability or generalization. 

“Tape measure. Tape measure is better because it has more of a 

squeezed in type of look. I would look at the bins that had the most 

measures it and see if how close they are to the median.  The method is 

good because it worked.” 

“Tape measure.  Tape measure is better because it is squished together 

more.  I would find the median then find how far each measure is from 

the median. Because when you find the median you know it‟s in the 

middle.” 
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3 CoS3 

(a)(b) 
Summary: a) Selects the more precise tool; b) Describes the clumping, 

tightness or taller stacks of the display;  c) Explains some procedure or 

reasoning that does not includes a central value and the proximity of all 

other values to that point; d) (+) May or may not describe repeatability 

or generalization of method to other contexts. 

 “Tape measure. I decided by seeing which one's numbers were more 

tight and which one's weren't.  I would calculate precision.  (+)You have 

a group of about 10 to 15 people try it out.” 

2 CoS2 

(a)(b) 
Summary: a) Selects the more precise tool; b) Describes a justification 

that does not include display tightness;  c) Explains some procedure or 

reasoning that does not includes a central value and the proximity of all 

other values to that point; d) (+) May or may not describe repeatability 

or generalization of method to other contexts; 

  

“Tape measure.  A yardstick you can mess up on, but a tape measure is 

just one long like stick with # on it, so you can't mess up.  Like if I had 

one 50 and four 51s I would think that 51 was the tightest.  (+) Ask 

other people if they can do my method.” 

2- CoS2 

(a)(b)- 
Summary: a) Selects the less precise tool; b) Describes a justification 

that does not include display  tightness;  c) Explains some procedure or 

reasoning that does not includes a central value and the proximity of all 

other values to that point; 

“Yardstick. Because I feel as if in the first one distance (in ft) using a 

yardstick has more information all requirements while in tape doesn't 

have. You subtract the highest value which is 59 from 50 and your 

answer is 9.  That's how you found your precision.” 

1 CoS1 (a) Summary: Describes precision informally without providing a value. 

“The precise one is where most of measurements are.” 
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2. Compare methods:  Amy and Sam’s methods 

A. Amy‟s method (percent agreement), correct solutions: 

 BY UNITS BY POINTS 

 Within 25-75 Whole set Within 25-75 Whole set 

1) Class A 5/11= 45% 6/11=55% 12/19= 63% 14/19=74% 

2) Class B 2/14= 14% 4/14= 29% 5/19= 26% 9/19=47% 

NOTE: Student must consistently apply method, if 45% for A then 14% B. 

3) Class A is more precise according to Amy‟s method. (0, 1 Student is correct if using their 

calculations, even if incorrect, are they drawing correct comparison.) 

B. Sam‟s method (subtract), correct solutions: 

1) Class A: 59-55= 4  (0, 1) 

2) Class B: 62-54= 8  (0, 1) 

3) Class A is more precise according to Sam‟s method. (0, 1 Student is correct if using their 

calculations, even if incorrect, are they drawing correct comparison.) 

C. Compare two methods, correct solution: They lead to the same conclusion  

(0, 1 Student is correct if using their answers from A and B, even if incorrect, are they 

drawing correct comparison.) 

D. Overall:  Looks across A-C  (1 to 5) 

Compare Methods Conceptions of Statistics (CoS) 

Score Levels Response Interpretation guides 

5 CoS4(a),(c),

(d) 
Summary: a) Provides a valid and consistently applied interpretation 

of method described to all method-class procedures; b) Draws a 

conclusion that correctly interprets results from Parts A & B; c) 

Draws a conclusion that correctly compares conclusions from A & B 

that includes a justification based on the properties of the sample. 

  

“45%, 14%. 4,8. Class A is precise in Amy‟s.  Class A is more 

precise in Sam‟s.  They are leading to the same conclusion." 

4 CoS3(a-f)+ Summary: a) Provides a valid and consistently applied interpretation 

of method described to most (but not all) of the procedures; b) Draws 

a conclusion that correctly interprets results from Parts A & B;  c) 

Draws a conclusion that correctly compares conclusions from A & B. 

 

“45%, 14%. 4,7. Class A is precise in Amy‟s.  Class A is more 

precise in Sam‟s.  They lead to the same conclusion." 

3 CoS3(a-f) Summary: a) Provides a valid and consistently applied interpretation 

of method described to most or all of the procedures; b) Draws a 

conclusion that incorrectly interprets results from Parts A or B;  c) 

Draws a conclusion that correctly compares conclusions from A & B. 

 

“45%, 14%. 4,7. Class B is precise in Amy‟s.  Class A is more 

precise in Sam‟s.  They lead to different conclusions." 
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3- CoS3 (a-f)- Summary: a) Provides a valid and consistently applied interpretation 

of method described to most (but not all) of the procedures; b) Draws 

a conclusion that correctly interprets results from Parts A or B;  c) 

Draws a conclusion that incorrectly compares conclusions from A & 

B. 

 

“45%, 14%. 4,7. Class B is precise in Amy‟s.  Class A is more 

precise in Sam‟s.  They are leading to different conclusion." 

2+ CoS2(b)+ Summary: a) Provides a valid and consistently applied interpretation 

of method described to all four method-class procedures; b) Draws a 

conclusion that incorrectly interprets results from Parts A or B; c) 

Draws a conclusion that incorrectly compares conclusions from A & 

B. 

 

“45%, 14%. 4,8. Class B is precise in Amy‟s.  Class B is more 

precise in Sam‟s.  They lead to the same conclusion." 

2 CoS2(b) Summary: a) Provides a valid and consistently applied interpretation 

of method described to most (but not all) of the procedures; b) Draws 

a conclusion that incorrectly interprets results from Parts A or B;  c) 

Draws a conclusion that incorrectly compares conclusions from A & 

B. 

 

“45%, 14%. 4,7. Class A is precise in Amy‟s.  Class B is more 

precise in Sam‟s.  They lead to the same conclusion." 

2- CoS2(b) - Summary: a) Provides a valid and consistently applied interpretation 

of method described to some (but not all) of the procedures; b) 

Draws a conclusion that incorrectly interprets results from Parts A or 

B;  c) Draws a conclusion that incorrectly compares conclusions 

from A & B. 

 

“35%, 14%. 4,7. Class A is precise in Amy‟s.  Class B is more 

precise in Sam‟s.  They lead to the same conclusion." 

1 CoS1 Summary: Unable to interpret the context to provide any accurate 

values or draw conclusions, but provides some visual summary of the 

data or methods. 

  

“They methods both sound really good so they can probably tell the 

graphs are precise.” 
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3. Median:  Finding the median 

a. The median, correct solution: 28.5  (0 , 1) 

b. Procedure description, correct solution: 1) order, 2) locate the middle numbers, 3) 

average between the two middle numbers  (1 to 4) 

Median  Conceptions of Statistics (CoS) 

Score Levels Response Interpretation guides 

4 CoS2 Summary: Provides a detailed and accurate description of, or 

reasoning for, the calculation of median 

“I first ordered the measures from least to greatest then divided 

the measures in half and said what is in the middle of 28 and 29 

and got 28.5” 

3 CoS2 (b) - Summary:  Describes a method that would correctly lead to the 

median 

“28. I ordered the numbers and found the middle number in the 

list.” (The student‟s work shows that they failed to include 31 

two times, even though it was a repeating value) 

“The median is 26.5. Order the values, counted how many 

numbers were in the list, divided that number by two and 

counted that many to see which number was the middle number 

in the list.”  

2 CoS2 (b) - Summary: Describes a method that would not have led to the 

median, such as ordering and finding the middle without 

acknowledging the need to find the average/middle of the middle 

two data points 

“The median is 28.5. I went 5 on 1 side and 5 on the other side 

and ten I found the middle of the 5the one on each side.” 

2- CoS2 (b) -- Summary: Describes an invented method, possibly confusing 

elements of various statistical techniques. 

“8. I ordered all the numbers from least to greatest. I subtracted 

the highest from lowest and divided by 2, I got 8.”  

“The median is 31, there were two 31s, and they are the highest 

so they‟re more accurate.”  

1 CoS1 (a) Summary: Describes the median informally without providing a 

value. 

“The median is where most of measurements are.”  
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4. Influences on the mean:  M&Ms 

a. Add a number that increases the number of M&Ms per person, solution: value greater than 

30. Bringing 37 M&Ms results in additional whole M&M per person (1 to 5) 

b. Add a number that did not change the number of M&Ms per person, solution: value equal 

to 30  (1 to 4, highest level cannot be achieved) 

c. Add a number that decreased the number of M&Ms per person, solution:  value less than 

30.  Bringing 23 M&Ms results in one less whole M&M per person.  (1 to 5) 

Influence on the Mean  Conceptions of Statistics (CoS) 

Sc Level Response Interpretation guides 

5 CoS4 

(c-d) 
Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean accurately; c) Predicts and justifies changes that would result based on 

changes to the sample; d) Notices that the behavior of the statistics is regular 

and predictable. 

Part a “30 M&Ms per person.  She could have brought 31 or more.”   

Part c “30 M&Ms per person.  She could have brought 29 or less” 

“Each person has 30 M&Ms. She could bring 0 all the way up to 29 and it 

would decrease the per person amount.” 

4 CoS3 

(c-f) 
Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean accurately; c) Changes the mean by calculating a single value but selects 

a value that is directionally correct. 

Part a “30 M&Ms per person.  She could have brought 37 (any number 31 or 

higher).”   

Part b “30 M&Ms per person.  She could have brought 30.”   

Part c “30 M&Ms per person.  She could have brought 23 (any number 29 or 

lower).” 

3 CoS3 

(c-f)- 
Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean incorrectly; c) Changes the mean by calculating a single value but selects 

a value that is directionally correct. 

Part a “28 M&Ms per person.  She could have brought 30 (any number 29 or 

higher).”   

Part b “28 M&Ms per person.  She could have brought 28.”   

Part c “28 M&Ms per person.  She could have brought 20 (any number 27 or 

lower).” 

2 CoS2 

(b) 
Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean accurately; c) Changes the mean by arbitrarily selecting values that are 

not directionally correct. 

Part a “30 M&Ms per person.  She could have brought 20.”   

Part b “30 M&Ms per person.  She could have gotten (any number but 30).”   

Part c “30 M&Ms per person.  She could have gotten 40.” 

2- CoS2 

(b)- 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean incorrectly;  

“Each person has 30 M&Ms.”  (student provides no additional answers) 
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1 CoS1 Summary: Unable to interpret the context or approach the item. 

“0 because to stay the same just add zero.” 

“Her number of M&Ms will go down.” 
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Appendix 8: Discussion Interpretation Guide 

 

1. Precise tool: (prompt 1) Predicting what might happen when we remeasure, (prompt 2) 

comparing Tape and Paces, (prompt 3) Near-sighted Dr. Rich and Eagle-eyed Mr. Lyle. 

a. Correct solution: (1) Remeasure is likely more precise, (2) Tape is more precise, (3) Mr. 

Lyle is more precise (0 , 1) 

b. How graphs helped, correct solutions:  Describes the clumping, tightness or closer 

proximity of data points.  (0 , 1) 

c. How to find precision, correct solutions:  Various descriptions of central tendency such as 

percent agreement, interquartile range, absolute value of differences, mean/median/mode, 

or using method names from within class (e.g., AMK method, CD/Dilovan method, JT 

method, etc).  (0 , 1) 

d. How to know whether or not your method is good, correct solutions:  If it tells you the 

right thing, fits with the data, is repeatable (replicability), useable in other contexts 

(generalizability)  (0 , 1) 

e. Overall: Looks across parts a-d  (1 to 5) 

 

Precise Tool 

Overall 

Conceptions of Statistics (CoS) 

Score Levels Response Exemplars 

5 CoS4(c)(d) Summary: a) Selects the more precise tool; b) Describes the 

clumping, tightness, “squished in” or taller stacks of the display; c) 

Explains some procedure or reasoning that includes a central value 

and the proximity of all other values to that point; d) Describes fit, 

repeatability or generalization 

“The remeasure (or tape or Mr Lyle) will be more precise with 

more of a squeezed in type of look, like a skinnier hill. I would look 

at the bins that had the most measures it and see if how close they 

are to the median.  The method is good because you can do it 

again.” 

4 CoS4(a)(b) Summary: a) Selects the more precise tool; b) Describes the 

clumping, tightness, “squished in” or taller stacks of the display; c) 

Explains some procedure or reasoning that includes a central value 

and the proximity of all other values to that point; d) Does not 

describe fit, repeatability or generalization. 

“The remeasure (or tape or Mr Lyle) will be more precise with 

more of a squeezed in type of look, like a skinnier hill. I would look 

at the bins that had the most measures it and see if how close they 

are to the median.” 
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3 CoS3 

(a)(b) 
Summary: a) Selects the more precise tool; b) Describes the 

clumping, tightness, “squished in”, or taller stacks of the display;  

c) Explains some procedure or reasoning that does not includes a 

central value and the proximity of all other values to that point; d) 

(+) May or may not describe fit, repeatability or generalization; 

 “The remeasure (or tape or Mr Lyle) will be more precise with 

more of a squeezed in type of look, like a skinnier hill. It is a good 

measure because it fits with what the data says.” 

2 CoS2 

(a)(b) 
Summary: a) Selects the more precise tool; b) Describes a 

justification that does not include display tightness;  c) Explains 

some procedure or reasoning that does not includes a central value 

and the proximity of all other values to that point; d) (+) May or 

may not describe fit, repeatability or generalization; 

“The remeasure (or tape or Mr Lyle) will be more precise because 

we messed up a lot on sighting last time.  The second time our 

procedure was more careful.  (+) Ask other people if they can do 

my method.” 

2- CoS2 

(a)(b)- 
Summary: a) Selects the less precise tool; b) Describes a 

justification that does not include display  tightness;  c) Explains 

some procedure or reasoning that does not includes a central value 

and the proximity of all other values to that point; 

“Our original measure (or pace or Dr. Rich) is better because I feel 

as if in the first one distance (in ft) using a yardstick has more 

information all requirements while in tape doesn't have. I subtract 

the highest value, which is 59, from 50 and the answer is 9.  That's 

how I found my precision.” 

1 CoS1 (a) Summary: Describes precision informally without providing a 

value. 

“The precise one is where most of measurements are.” 
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2. Compare methods:  Comparison of any two methods of investigating degree of central 

tendency such as percent agreement, interquartile range, absolute value of differences, 

mean/median/mode, or using method names from within class (e.g., AMK method, 

CD/Dilovan method, JT method, etc). 

**Note that the following is one example of many opportunities the students have to provide 

evidence of their ability to apply and compare methods.  Many possible combinations of 

methods and data sets may be used to score students understanding. 

A. Rich‟s method presented at 10:09am on May 10th using Dr. Rich/Mr. Lyle data: 

1) Dr. Rich:  50      (no score, given by Rich) 

2) Mr. Lyle:  109, later changed to 52  (no score, given by Rich) 

3) Dr. Rich is more precise according to this invented method. (0, 1) 

 

B. AMK method with Dr. Rich/Mr. Lyle data, correct solutions: 

1) Dr. Rich: 2 (0, 1)  

2) Mr. Lyle: 0 (0, 1)  

3) Mr. Lyle is more precise according to AMK method. (0, 1 Student is correct if using their 

calculations, even if incorrect, are they draw correct comparison.) 

 

C. Compare two methods, correct solution: They lead to the same conclusion that the measures 

made by Mr. Lyle are more precise than Dr. Rich. (0, 1) 

 

D. Overall:  Looks across A-C  (1 to 5) 

Methods Overall Conceptions of Statistics (CoS) 

Score Levels Response Exemplars 

5 CoS4(a),(c),(d) Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for most (but not all) of the procedures 

they attempt; b) Correctly draws conclusions that interpret results 

from Parts A & B;  c) Draws a conclusion that correctly compares 

conclusions from A & B that includes a justification based on the 

properties of the sample. 

  

“2, 0. 50,52. Mr. Lyle is more precise in AMK.  Dr. Rich is more 

precise in the invented method.  They are leading to different 

conclusions. AMK is a better method since it fits what is 

happening in the data." 
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4 CoS3(a-f)+ Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for most (but not all) of the procedures 

they attempt; b) Correctly draws conclusions that interpret results 

from Parts A & B;  c) Draws a conclusion that correctly compares 

conclusions from A & B. 

 

“2, 0. 50,52. Mr. Lyle is more precise in AMK.  Dr. Rich is more 

precise in the invented method.  They are leading to different 

conclusions.” 

3 CoS3(a-f) Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for most (but not all) of the procedures 

they attempt; b) Incorrectly draws or fails to draw conclusions 

that interpret results from Parts A &/or B; c) Draws a conclusion 

that correctly compares conclusions from A & B. 

 

“2, 0. 50,52. Mr. Lyle is more precise in AMK.  Mr. Lyle is more 

precise in the invented method.  They are leading to the same 

conclusion.” 

3- CoS3 (a-f)- Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for most (but not all) of the procedures 

they attempt; b) Correctly draws conclusions that interpret results 

from Parts A &/or B; c) Draws a conclusion that incorrectly 

compares conclusions from A & B. 

 

“2, 0. 50,52. Mr. Lyle is more precise in AMK.  Dr. Rich is more 

precise in the invented method.  They are leading to the same 

conclusion.” 

2+ CoS2(b)+ Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for the procedures they attempt; b) 

Incorrectly draws or fails to draw conclusions that interpret 

results from Parts A &/or B; c) Draws a conclusion that 

incorrectly compares conclusions from A & B. 

 

“2, 0. 50,52. Mr. Lyle is more precise in AMK.  Mr. Lyle is more 

precise in the invented method.  They are leading to the different 

conclusion.” 

2 CoS2(b) Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for most (but not all) of the procedures 

they attempt; b) Incorrectly draws or fails to draw conclusions 

that interpret results from Parts A &/or B; c) Draws a conclusion 

that incorrectly compares conclusions from A & B. 

 

“1, 0. 50,52. Mr. Lyle is more precise in AMK.  Mr. Lyle is more 

precise in the invented method.  They are leading to the different 

conclusion.” 
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2- CoS2(b) - Summary: a) Generally provides a valid and consistently applied 

interpretation of methods for some (but not all) of the procedures 

they attempt; b) Incorrectly draws or fails to draw conclusions 

that interpret results from Parts A &/or B; c) Draws a conclusion 

that incorrectly compares conclusions from A & B. 

 

“0, 1. 50,52. Mr. Lyle is more precise in AMK.  Mr. Lyle is more 

precise in the invented method.  They are leading to the different 

conclusion.” 

1 CoS1 Summary: Unable to interpret the context to provide any accurate 

values or draw conclusions, but provides some visual summary of 

the data or methods. 

“They methods both sound really good so they can probably tell 

the graphs are precise.” 
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3. Median:  Finding the median in various data sets 

a. The median, correct solution: varies, but must be a single number (not two values such as 

48 and 49) (0 , 1) 

b. Procedure description, correct solution:  

Even numbered data set:  1) order, 2) locate the middle numbers, 3) average of the two 

middle numbers.  (1 to 4) 

Odd numbered data set:  1) order, 2) locate the middle number.  (1 to 4) 

 

Median part b Conceptions of Statistics (CoS) 

Score Levels Response Exemplars 

4 CoS2 Summary: Provides a detailed and accurate description of, or 

reasoning for, the calculation of median in odd and/or even data 

sets. 

“The median is 48.5.  I first ordered the measures from least to 

greatest then divided the measures in half, counted to the middle, 

and said what is in the middle of 48 and 49 and got 48.5” 

3 CoS2 (b) - Summary:  Describes a method that would correctly lead to the 

median. 

“48. I ordered the numbers and found the middle number in the 

list.” 

“The median is 46.5. Order the values, counted how many numbers 

were in the list, divided that number by two and counted that many 

to see which number was the middle number in the list.”  

 2 CoS2 (b) - Summary: Describes a method that would not have led to the 

median, such as ordering and finding the middle without 

acknowledging the need to find the average/middle of the middle 

two data points 

“The median is 5. I went in 2 on 1 side and 2 on the other side to 

find the middle number.” 

2- CoS2 (b) -- Summary: Describes an invented method, possibly confusing 

elements of various statistical techniques. 

“38. I ordered all the numbers from least to greatest. I subtracted the 

highest from lowest and divided by 2, I got 38.”  

“The median is 31, there were two 31s, and they are the highest so 

they‟re more accurate.”  

1 CoS1 (a) Summary: Describes the median informally without providing a 

value. 

“The median is where most of measurements are.”  
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4. Influences on the mean:  Ounces of Soda 

a. Add a number that increases the amount of soda per person, solution: Value greater than 

28. (1 to 5) 

b. Add a number that did not change the amount of soda per person, solution: Value equal 

to 28. (1 to 4, highest level cannot be achieved) 

c. Add a number that decreased the amount of soda per person, solution:  Value less than 

23.  (1 to 5) 

Conceptions of Statistics (CoS) for “Influence on the Mean” item 

Sc Level Response Exemplars 

5 CoS4 

(c-d) 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean accurately; c) Predicts and justifies changes that would result based on 

changes to the sample; d) Notices that the behavior of the statistics is regular 

and predictable. 

 Part a “28 ounces per person.  She could have brought 29 or more.”   

Part c “28 ounces per person.  She could have brought 29 or less.” 

“Each person has 28 ounces. She could bring 0 all the way up to 27 and it 

would decrease the per person amount.” 

4 CoS3 

(c-f) 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean accurately; c) Changes the mean by calculating a single value but selects 

a value that is directionally correct. 

Part a “28 ounces per person. She could have brought (any number 29 or 

higher).”   

Part b “28 ounces per person. She could have brought 28.”   

Part c “28 ounces per person. She could have brought (any number 27 or less).” 

3 CoS3 

(c-f)- 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean incorrectly; c) Changes the mean by calculating a single value but selects 

a value that is directionally correct. 

Part a “25 ounces per person. She could have brought (any number 26 or 

higher).”   

Part b “25 ounces per person. She could have brought 25.”   

Part c “25 ounces per person. She could have brought (any number 27 or less).” 

2 CoS2 

(b) 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean accurately; c) Changes the mean by arbitrarily selecting values that are 

not directionally correct. 

Part a “28 ounces per person.  She could have brought 20.”   

Part b “28 ounces per person.  She could have gotten (any number but 28).”   

Part c “28 ounces per person.  She could have gotten 40.” 

2- CoS2 

(b)- 

Summary: a) Recognizes the need to calculate the mean; b) Calculates the 

mean incorrectly;  

“Each person has 28 ounces.”  (student provides no additional answers) 

1 CoS1 Summary: Unable to interpret the context or approach the item. 

“0 because to stay the same just add zero.” 
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Appendix 9: Student Ability Estimation Construct Maps 

Student  Level Precision  Method  Median  Mean 

 

Observable level 
 

  4d I, Q        

Katie  4c I, Q  Q    I  

 4b D        

Amanda  4a D        

Jerod  3f   D, I      

 3e       Q  

Robin  3d         

 3c       D  

Judah  3b         

  3a         

 2b     D, I, Q    

Michelle 2a         

  1a        
 

Student Ability Estimation Construct Map for Amanda 

 

 

Student  Level Precision  Method  Median  Mean 

 

Observable level 
 

  4d         

Katie  4c   Q, I      

 4b Q        

Amanda  4a Q        

Jerod  3f D  D    I  

 3e         

Robin  3d         

 3c       D, Q  

Judah  3b         

  3a I        

 2b     D, I, Q    

Michelle 2a         

  1a        
 

Student Ability Estimation Construct Map for Jerod 
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Student  Level Precision  Method  Median  Mean 

 

Observable level 
 

  4d         

Katie  4c   Q      

 4b         

Amanda  4a         

Jerod  3f         

 3e         

Robin  3d         

 3c       Q  

Judah  3b         

  3a         

 2b D, I  D, I  Q  D, I  

Michelle 2a     D    

  1a Q    I   
 

 

Student Ability Estimation Construct Map for Judah 

 

 

 

Student  Level Precision  Method  Median  Mean 

 

Observable level 
 

  4d         

Katie  4c         

 4b         

Amanda  4a         

Jerod  3f   I      

 3e         

Robin  3d         

 3c         

Judah  3b         

  3a         

 2b   D, Q  I, Q    

Michelle 2a D, I, Q    D    

  1a D, I, Q      D, I, Q 
 

 

Student Ability Estimation Construct Map for Michelle 

 

 



 

 

1
3
3
 

Appendix 10: Rater Scoring Sheet Templates 

 
RATER:   __________________________________ FORMAT:           Discussion      

   
Note re discussion:  Fill in only where data was present.  Feel free to include 
a range where applicable (i.e., min, max, overall). 

         
Item Description Score Am Je Ju Ka Mi Ro 

Methods A1 
CD method,  
Near sighted Dr Rich 0, 1             

Methods A2 
CD method,  
Eagle-eyed Lyle 0, 1             

Methods A3 CD method compare 0, 1             

Methods B1 
AMK method,  
Near sighted Dr Rich 0, 1             

Methods B2 
AMK method,  
Eagle-eyed Lyle 0, 1             

Methods B3 AMK method compare 0, 1             
Methods C Compare conclusions 0, 1             
Methods Overall Methods Overall 1 to 5             

Tool A Pick tool 0, 1             
Tool B How graphs helped 0, 1             
Tool C Find precision of 1 0, 1             
Tool D Good method 0, 1             
Tool Overall Tool Overall 1 to 5             
Median A Calculate 0, 1             
Median B Process 1 to 4             

Mean A Increase 1 to 5             
Mean B Same 1 to 4             
Mean C Decrease 1 to 5             

 Degree of Confidence L-M-H             
 

  



 

 

1
3
4
 

 

RATER:   __________________________________ FORMAT:    Interview       
         
         

Item Description Score Am Je Ju Ka Mi Ro 

Tool A Pick tool 0, 1             
Tool B How graphs helped 0, 1             
Tool C Find precision of 1 0, 1             
Tool D Good method 0, 1             
Tool Overall Tool Overall 1 to 5             

Methods A1 Amy method class A 0, 1             
Methods A2 Amy method class B 0, 1             
Methods A3 Amy method compare 0, 1             
Methods B1 Sam method  class A 0, 1             

Methods B2 Sam method class B 0, 1             
Methods B3 Sam method compare 0, 1             
Methods C Compare conclusions 0, 1             
Methods Overall Methods Overall 1 to 5             

Median A Calculate 0, 1             
Median B Process 1 to 4             

Mean A Increase 1 to 5             
Mean B Same 1 to 4             
Mean C Decrease 1 to 5             

  Degree of Confidence L-M-H             
 

  



 

 

1
3
5
 

 

RATER:   __________________________________ FORMAT:           Quiz      
         
         

Item Description Score Am Je Ju Ka Mi Ro 

Methods A1 Leah method class A 0, 1             
Methods A2 Leah method class B 0, 1             
Methods A3 Leah method compare 0, 1             
Methods B1 Mark method class A 0, 1             
Methods B2 Mark method class B 0, 1             
Methods B3 Mark method compare 0, 1             
Methods C Compare conclusions 0, 1             
Methods Overall Methods Overall 1 to 5             

Tool A Pick tool 0, 1             
Tool B How graphs helped 0, 1             

Tool C Find precision of 1 0, 1             
Tool D Good method 0, 1             
Tool Overall Tool Overall 1 to 5             

Median A Calculate 0, 1             
Median B Process 1 to 4             

Mean A Increase 1 to 5             
Mean B Same 1 to 4             
Mean C Decrease 1 to 5             

  Degree of Confidence L-M-H             
 

 

 

 




