
 
A peer reviewed, open-access electronic journal: ISSN 1531-7714 

 

Considerations for Designing Measures of Confidence   

 

Casandra Koevoets-Beach, University of Louisville 
Donya Kurdi, University of Louisville 
Morgan Balabanoff, University of Louisville 
 

 
Abstract: Confidence tiers have been paired with multiple choice items across different fields since the early 
twentieth century and have seen widespread adoption in discipline-based education research fields seeking 
to evaluate aspects of self-regulated learning. The design of two-tiered confidence judgments impacts 
interpretability and perception of their utility, so meaningful engagement hinges on intentional design for 
specific constructs. This study uses cognitive interviews exploring students’ interpretations of confidence 
tier components to identify design features which elicit meaningful variation in self-reflection. The evidence 
supports two prevailing motivations for using confidence tiers—prompting metacognition and measuring 
the strength of learners’ alternate conceptions. The challenges and strategies students encounter while 
engaging with confidence tiers serve as the foundation to improve the validity of collected confidence data. 
Recommendations are presented to improve the clarity and utility of confidence tiers to provide meaningful 
evaluation of target constructs. 
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Introduction 

For over a century, assessment developers have used confidence tiers to prompt assessment respondents 
to evaluate their own knowledge. This practice has been used in psychology, social sciences, and increasingly 
in discipline-based education research (DBER) fields to weight assessment scores, evaluate degrees of 
metacognitive knowledge, and make assumptions regarding the strength of alternate conceptions in 
research-based assessments. Since its first mention in the literature in the early 20th century, this practice has 
been referred to by various names (e.g. confidence testing or self-reflective prompting), though in assessment 
contexts, the use of this practice as a second tier for a knowledge/content item has been referred to as a 
confidence tier. The target construct of the confidence tier has been vaguely defined due to its long history 
and expansive applications across disciplines, resulting in challenging ambiguity for assessment developers 
to meaningfully operationalize this tier.  
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In an assessment climate which prioritizes validity and reliability evidence for its measures, the construct 
for this practice must be clearly specified to provide meaningful measurement. This work leverages response 
process validity interviews with undergraduate students to explore participants’ thought processes with 
confidence tiers in varied formats. The purpose of this study is to investigate how learners interpret and 
engage with different features of confidence tiers across assessment items. Through rich qualitative analysis, we 
seek to provide specific recommendations for assessment developers to collect more accurate data and draw more specific and 
operational conclusions. 

 

Background 

Uses of Confidence Testing – Weighted Models 

Literature detailing the use of confidence tiers spans to the early 20th century where it was described as 
a method for increasing the amount of information that could be elicited through multiple choice 
assessments (Echternacht, 1972; Henmon, 1911; Hollingworth, 1913; Trow, 1923). Early proponents of this 
technique were clear in its limitations, describing that “while there is a positive correlation on the whole between degree 
of confidence and accuracy, the degree of confidence is not a reliable index of accuracy” (Henmon, 1911).  

In early applications, confidence testing reportedly improved the reliability of an assessment by weighting 
responses based on the examinee’s degree of confidence (Hevner, 1932; Soderquist, 1936). Weighting 
examinees’ responses were subsequently used to correlate personality factors with assessment behaviors 
(Swineford, 1938; Wiley & Trimble, 1936; Ziller, 1957), and to explore how partial knowledge could be 
assessed (Archer, 1962; Coombs, 1953; Coombs et al., 1956).  

 A notable shift was made towards using statistical decision theory and the concept of probability in 
confidence investigations, accounting for partial knowledge as well as the introduction of an “easing-in” 
process where respondents were slowly introduced to the idea of attaching a quantity to their personal 
probability beliefs (de Finetti, 1965). This approach allowed psychometricians to consider the contribution 
of psychological factors in probabilistic testing, such as the relationship between the degree to which 
examinees display confidence in their responses and certain personality traits (Ebel, 1965; Hansen, 1971).  

From early weighted-model investigations, examinees were found to possess a characteristic tendency 
to be either certain or uncertain which cannot be fully accounted for by stability of knowledge (Hansen, 
1971). These individual differences in personalities threaten the validity of the data produced by weighted-
score techniques (Jacobs, 1971) and have broadly led to declined use of weight-score techniques in favor of 
investigating the role that metacognition plays in the retention of learned material.  

Uses of Confidence Testing – Metacognition 

Metacognition, often defined as “knowing about knowing” (Flavell, 1979; Garner & Alexander, 1989), 
is broken down into two components, where the cognitive knowledge a learner has regarding their own thinking 
processes directly impacts the degree of cognitive regulation that must be done to monitor and evaluate their 
processes of thinking (Jacobs & Paris, 1987). The construct of metacognitive calibration is defined as the level 
of agreement between a respondents’ metacognitive knowledge and their performance on a cognitive 
assessment (Keren, 1991; Yates, 1990) which can be used to draw conclusions about the relationship 
between learners’ metacognitive regulation and cognition.  

Dunning & Kruger (1999) provided evidence of a phenomena termed metaignorance, where the most 
“unskilled” in a domain are most likely to be “unaware” of their degree of competency, compared to those 
with higher skill. This representation of miscalibration in low-performing examinees has gone on to be cited 
in thousands of publications across disciplines, frequently in educational contexts. Assessing for a lack of 
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metacognitive regulation skill (or metaignorance) has increasingly become a prevailing motivation for 
modern work in assessment across diverse fields. Within classroom settings, education researchers have cited 
the prevalence of metaignorance to cluster students and target those with low metacognitive calibration for 
further tailored instruction (Bell & Volckmann, 2011; Nietfeld et al., 2005; Pazicni & Bauer, 2014), or provide 
specific training to improve metacognitive regulation and learning outcomes (Lavi et al., 2019; Thiede et al., 
2011; Zimmerman et al., 2011). In professional certification programs, the degree of a respondent’s 
metacognitive calibration has been built into dynamic algorithms to tailor which content questions they must 
revisit in the future (Sun et al., 2016). 

Developing metacognitive regulation skill has been shown to improve learners’ assessment performance 
and study regulation (Thiede et al., 2003) and has been linked to high performance on problem-solving tasks 
(Swanson, 1990). In STEM-specific studies, improving metacognition has been found to improve outcomes 
in science literacy, learning, and teaching (Adey et al., 1995; Blank, 2000; Davis, 1996; Georghiades, 2000, 
2004). Increasingly, the literature indicates that explicit metacognitive regulation can improve performance 
in STEM courses (Bunce et al., 2023; Casselman & Atwood, 2017; Cook et al., 2013; Dori et al., 2018) and 
that implicit metacognitive monitoring does not improve learning performance alone (Hawker et al., 2016). 
These findings have reinforced the need for explicit metacognitive prompting, contributing to the profusion 
of confidence tiers in research-based assessments over the past fifty years. 

Multi-Tiered Partial Knowledge Assessment Models 

As cognitive theorists worked to propose different explanations for how knowledge develops in the 
minds of learners, educational measurement scholars have sought to develop assessment tools which 
measure formal reasoning ability across large groups of learners (Burney, 1974; Lawson, 1978; Staver & 
Gabel, 1979). This assessment approach evolved into two characteristic tiers (answer and reasoning) 
intended to measure partial knowledge.  

Treagust’s seminal work (1988) used this structure as a “diagnostic test” to evaluate alternate conceptions 
(ACs) by asking STEM students to indicate a correct answer and then select a reasoning for why their 
response was correct in a secondary tier (Treagust, 1988). This  ushered in a well-known class of assessments 
called concept inventories (CIs), designed to elicit whether students have scientifically appropriate ideas 
within a particular context, i.e. Newtonian beliefs about force (Hestenes et al., 1992).  

In CI development, confidence tiers have been used as a metric of partial knowledge in place of a 
reasoning tier. A key demonstration of this technique is Hasan et al.’s (1999) assessment of classical 
mechanics where the strength of ACs was determined by the degree of certainty in their selected answer. 
This application uses the Certainty of Response Index (CRI) to facilitate an assessor’s identification of items 
a student answered incorrectly due to a strongly held AC or were answered correctly due to guessing. This 
identification practice (the “Hasan hypothesis”) provided a decision matrix for educators to identify the 
presence of ACs (Figure 1) based on self-reflection of their content knowledge (Hasan et al., 1999). The 
Hasan hypothesis represents a key pivot in DBER literature towards the use of a confidence tier to gauge 
the presence of ACs.  

Three- and four-tier assessment formats of an answer and reasoning tier combined with one or two 
confidence tiers have also been used as hybrid diagnostic tests (Al-Rubayea, 1996; Caleon & Subramaniam, 
2010a; Caleon & Subramaniam, 2010b; Franklin, 1992; Hill, 1997). Despite increased sensitivity, the 
limitations of four-tiered assessment structures support use of a restricted two-tiered answer and confidence 
format (Abell & Bretz, 2019; Brandriet & Bretz, 2014; Connor et al., 2021; McClary & Bretz, 2012) or 
keeping a three-tier format of an answer, reasoning, and confidence tier (Assimi et al., 2024; Liampa et al., 
2019; Taslidere, 2016; Yang & Sianturi, 2019). As assessments using confidence tiers have become more 
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commonplace, the stems and scales used to measure the construct of confidence have varied, prompting a 
further look at the specific design features and interpretability of this format. 

Figure 1. Decision tree based on combinations of correct or incorrect and low or high CRI, adapted from 
decision matrix in Hasan et al., 1999 

. 

Confidence Tier Design Features and Target Usage 

As the use of confidence tiers has evolved and changed over time, so has the specific language used in 
different item parts. The prompt of the confidence tier (stem) provides the direction and context for the 
respondent. Examples of different stems and their source publications are included in Table 1. While not 
exhaustive, this list of examples demonstrates the variation in prompts used as confidence tier stems. Some 
use specific terminology referring to “confidence”, while others focus on certainty, correctness, or the type 
of information used to answer an item.  

Table 1. Example stems from studies using confidence tiers 

Stem Publication 

How sure are you? Hunt, 2003  

For each answer you select, indicate whether you answered using 
knowledge learned in classes/books or not. 

Hasan et al., 1999  

Indicate your confidence that your answer to the previous question was 
correct. 

Lundeberg et al., 1992  

How well do you think you understand the text you just read? Griffin et al., 2008  

How confident are you about the answer you chose? McClary & Bretz, 2012 

For me to X, it would be… (on a scale of very easy to very difficult) Ajzen & Madden, 1986 
 

The other component of the confidence tier is the range of options (scale) provided for a respondent to 
choose from. Table 2 provides several examples of the scales used in confidence tier publications which 
illustrate the variation in the terminology and the inclusion of numeric and descriptive response options. 
Another notable difference is in the number of options included (even or odd-numbered) and the presence 
or omission of “average.” Many scales have each response labeled, however, others (i.e. Trafimow et al., 
2002; Webb et al., 1994) are made up of anchor point descriptions with unlabeled options to represent 
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equidistant degrees of agreement. One example (McClary & Bretz, 2012) features two endpoint anchors 
with several unlabeled response options between them. 

Table 2. Example scales from studies using confidence tiers. 

Scale Publication 

o Sure 
o In Doubt 
o Guessing 

Swineford, 1938 

1. The answer is probably true 
2. The answer is possibly true 
3. I have no basis for response 
4. The answer is possibly false 
5. The answer is probably false 

Ebel, 1965 

1. Not Certain 
2.  
3. Somewhat Certain 
4.  
5. Absolutely Certain 

Webb et al., 1994 

0. Totally guessed answer 
1. Almost a guess 
2. Not sure 
3. Sure 
4. Almost Certain 
5. Certain 

Hasan et al., 1999 

 Händel & Fritzsche, 2015 

 

Caleon & Subramaniam, 2010a 

1. Not at all easy 
2.  
3.  
4. Extremely easy 

Trafimow et al., 2002 

 

McClary & Bretz, 2012 

 

Many confidence tiers feature Likert scales to gauge degree of agreement or alignment to the construct 
of “confident vs not confident”. Prior work on Likert-style scales has suggested that responses 
corresponding to average or midpoint option may indicate a null response or “dumping ground” (Chyung 
et al., 2017; Kulas et al., 2008), be related to social desirability, or linked to certain personality traits (Garland, 
1991; Hernandez et al., 2018). In practice, respondents prefer scales which include a midpoint (McDonald, 
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2013; Preston & Colman, 2000), however, Simms et al. (2019) found no significant difference between odd- 
and even-numbered scales psychometrically.  

When measuring latent constructs with Likert scales, dichotomizing or trichotomizing responses during 
analysis can be performed without sacrificing validity and reliability metrics (Matell & Jacoby, 1971). 
Considering that extreme options are more frequently selected (Albaum, 1997), increasing the number of 
response options on a Likert scale may offer negligible advantages. For the optimal number of options in a 
scale, precision decreases clearly below 4 and does not strongly increase after 7 options (Lee & Paek, 2014; 
Lozano et al., 2008).  

Another frequently used scale is the visual analog scale (Aitken, 1969; Flynn et al., 2004; Hayes & 
Patterson, 1921; McClary & Bretz, 2012), which appears as a horizontal line with two opposing anchors on 
either end (e.g., agree vs disagree, confident vs not confident). Respondents indicate their position on the 
interval with a slider bar to provide a measure of the construct. There is modest evidence of psychometric 
superiority for this method over Likert scales (Hilbert et al., 2015; Russell & Bobko, 1992), though they have 
also been demonstrated as statistically similar (Bergman, 2009). Online data collection has made the use of 
analog scales more prevalent, although increasing the number of response options beyond 7 offers 
diminishing returns (Simms et al., 2019).  

To develop measures which investigate self-regulated learning, “easy-difficult” scales have been used 
citing evidence that these scales investigate the same construct as a “confident-unconfident” scale (Manstead 
& van Eekelen, 1998; Sparks et al., 1997; Terry & O’Leary, 1995; White et al., 1994). This differentiation in 
scale design to evaluate academic self-reflection has been evaluated quantitatively, but investigation into 
learners’ interpretation of this scale would offer clarity for assessors who are looking to qualitative literature 
to make design decisions.  

As evidenced in this survey of the variations in assessment design, the target construct of a confidence 
tier has become increasingly difficult to characterize as its uses have expanded. In many cases, the confidence 
tier has been leveraged to examine the strength of alternate conceptions in learners, although it is also widely 
used to investigate and measure metacognition. Despite the substantial differences in these research goals, 
the same tool (confidence tier) is used to collect data and draw conclusions. Determining the nuance in how 
respondents interpret features of confidence tier stems and scales is therefore critical to design more accurate 
measures. 

Recent work has identified the broad range of factors that learners consider when ranking their 
confidence on research-based assessments in a DBER context (Koevoets-Beach et al., 2023), laying 
groundwork for qualitative exploration into how respondents interpret confidence tiers to help tailor stems 
and scales for the desired outcome of the assessment. This current study seeks to build on over a century of 
confidence tier literature to characterize respondents’ interpretations of different stems and scales and help 
provide specific recommendations for future use of this technique in education research. 

 

Framework 

This research is framed by social cognitive theory (SCT; Bandura, 1977, 1986) and the theory of self-
regulated learning (SRL; Zimmerman, 2000, 2002).  

SCT outlines learning as a practice which is affected not only by an individual’s internal personal factors 
(i.e. cognition and emotions), but by the reciprocal interactions between personal factors, an individual’s 
behaviors, and their external environment (Bandura, 1977, 1986). These three categories of factors (personal, 
behavioral, and environmental) are mutually interactive and inform the overall experience of learning. Under 
SCT, it is assumed that when learners engage in assessments, they are not just cognitively engaging with the 
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assessment items through their content knowledge, but also through their environmental and behavioral 
experiences around assessment and the content area. Using this holistic view of cognition allows for 
qualitative analysis of respondents’ engagement with confidence tiers to expand beyond the item itself and 
looked at as a piece of a larger cognitive picture. Within SCT, Bandura (1997) identified general components 
of SRL to include the concepts of metacognition and motivation alongside cognitive processes. SRL 
(Zimmerman, 1989, 2000, 2002) narrows in on the cyclical process of learning. 

SRL theory outlines three phases in the learning cycle: forethought, performance, and self-reflection. 
Forethought occurs prior to learning and involves goal setting and planning, as well as motivational beliefs 
such as self-efficacy and interest. The performance phase includes strategies learners implement during 
learning, such as note-taking or consulting a textbook, as well as monitoring the progress of learning while 
implementing these strategies. The last phase is self-reflection, which includes evaluating one’s performance, 
adapting strategies to enhance performance, feelings of success or failure, and a sense of satisfaction 
regarding the learning task. Learners vary in the degree to which they self-regulate, and some may 
demonstrate more well-developed self-regulatory skills than others (Ning & Downing, 2015; Yip, 2007). The 
SRL cycle describes the thoughts, feelings, and behaviors that learners exhibit while accounting for personal 
factors associated with academic resilience, such as goal-setting, self-efficacy, control over study efforts, and 
motivational beliefs (Borman & Overman, 2004; Freeman et al., 2004; Miller, 2002). This work uses SCT 
and SRL complementarily to explore how students respond to, engage with, and interpret confidence tier 
stems and scales as tools for self-reflection and metacognition within an assessment setting.  

 

Research Objectives 

This study aims to explore how learners interpret and respond to a range of stems and scales used in 
confidence testing. This work also explores whether the way these components are presented  influence how 
learners think about and respond to questions. Therefore, the two research objectives for this study are: 

1. Investigate learners’ interpretations of different stems and scales through their engagement with 
confidence tiers. 

2. Generate recommendations for future administrations of confidence tiers. 

 

Methods 

The study design and participant recruitment were approved to meet ethical human subjects research 
standards by an Institutional Review Board (IRB#: 22.0454). 

Participants 

Participants for this study were ten students at a mid-sized, public university in the southeastern United 
States. This study was conducted using items from a research-based assessment of General Chemistry 
concepts, so participants who had completed the two-semester General Chemistry course sequence within 
the last year were eligible to participate. Participation in the study was voluntary with participants recruited 
from another related research project and compensated for their time with a gift card. All participants were 
provided the informed consent form to review and sign prior to the interview and consent was verbally 
described in person prior to the initiation of the interview. Participants were assured of the confidentiality 
of their responses, and measures were taken to anonymize the data by assigning pseudonyms.   
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Data Collection 

Semi-structured interviews were conducted during the Fall 2023 and Spring 2024 academic semesters, 
with interviews continuing until saturation had been reached. The interview protocol was designed to explore 
participants' ideas, perceptions, and overall knowledge related to the target course content. The interview 
was contextualized in General Chemistry to provide some grounding for students to evaluate the range of 
stems and scales. Interviews consisted of three phases. In the first phase, participants were first presented 
with 2-3 content questions (example in Fig 2) from a research-based assessment of General Chemistry 
knowledge (Balabanoff et al., 2022) and asked to express their thought processes aloud while responding. 
They were prompted to identify the target concept for each question and reflect on their feeling of 
correctness for their selected answer. This initial exercise was used as an “easing in” process (de Finetti, 
1965) to help participants feel comfortable and engage in recall of target General Chemistry concepts. During 
this phase and over the course of the interviews, participants were asked reflection questions to gauge their 
confidence and capture their understanding of broader course material.  

Figure 2. Sample content question from research-based assessment used for interview content. 

 

After engaging with single-tiered assessment items, the second phase of the interviews directed students 
to engage with five distinct confidence stems, each addressing different aspects of confidence and 
understanding. These stems (Figure 3) were adapted from existing literature to align with different techniques 
that have been used to capture students’ confidence and metacognition. The phrasing was intentionally 
varied to allow for comparisons to be made between different stem verbiage. Participants were prompted to 
discuss their interpretations of each stem and discuss what type of reflection they would engage in based on 
the language used; then indicated which stem they felt best prompted self-reflection on their content 
knowledge. This process was repeated with five different response scales which consisted of descriptive 
Likert-style rating scales with both odd and even numbers of response options, a visual analog scale, an 
adaptation of Hasan’s CRI, and an ‘easy-difficult’ scale (Figure 4). Students were asked to engage with each 
scale option, discuss their interpretations and comparisons of each, then indicate which they felt best 
captured confidence in a response. The order of these stems and scales was the same for each participant 
but varied to avoid the appearance of fixed pairs.  

The third interview phase prompted students to use their individually selected stem and scale with a new 
content item to simulate a novel two-tier format. This approach allowed participants to personalize their 
self-assessments and allowed them to reflect on their engagement with the confidence tier, providing insight 
into the functionality and interpretation of the stem and scale they felt best prompted and captured their 
self-reflection. The range and frequency of selected options are illustrated in Figure 5 and these selections 
provided structure for the qualitative coding process as respondents’ reasoning and interpretations of the 
stems and scales were inductively coded. 
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Metrics such as cognitive load, impact of item content, and extended response time associated with 
confidence tiers have been investigated in past literature (see Background) but were not measured within the  

Figure 3. Confidence tier stem options used in interviews 

 

Figure 4. Confidence tier scale options used in interviews 
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Figure 5. Frequency distribution of each selected stem and scale in the third interview phase 

 

scope of this work. This is because previous metacognitive calibration studies weighing these metrics found 
that the two-tier format optimizes metacognitive benefits while balancing the burden of test-taking time and 
cognitive load (Caleon & Subramaniam, 2010a; Caleon & Subramaniam, 2010b). This supports the current 
study’s focus on the design, phrasing, and functionality of items, using interview data to provide an in-depth 
description of students’ connections between confidence and comprehension.  

Data Analysis 

Interview data was cleaned through an online transcription service (Otter.ai) and analyzed using 
qualitative coding software, Dedoose® Version 9.2.6, which provided a structured approach for recognizing 
and categorizing themes based on student responses. Each interview was inductively coded beyond which 
specific stems and scales were selected by participants (Miles et al., 2014). This allowed for the sequential 
identification of thematic codes that emerged regarding students' interpretations of confidence, 
understanding, and the assessment process.  

The coding process began with in vivo coding, which used words and short phrases from the 
participants’ own language in the interviews as codes (Miles et al., 2014). This allowed for pattern recognition 
of repeated phrases by the participants. The initial set of codes were aligned with the two research objectives 
and the range of stems/scales provided to students, which provided a broad spectrum of themes that 
reflected the diversity of student experiences and interpretations.  

As coding progressed, patterns began to emerge across the interviews, providing insights into how 
learners perceive and express confidence and understanding within the context of a research-based 
assessment. Through the iterative coding process, emergent pattern codes were developed (Miles et al., 
2014). Initially, the data were coded into specific categories, but as the analysis deepened, overlapping, 
redundant, or overly broad codes were merged to create more cohesive themes. For example, the distinct 
codes “Confident is subjective” and “Well is subjective” were eventually combined into a single code 
reflecting the shared underlying concept of subjectivity in self-assessment. This approach followed the 
iterative methods aligned with constant comparative analysis (Glaser, 1965), which emphasizes the 
importance of ongoing code refinement to capture the complexity of qualitative data.   

To ensure consistency and reliability in this process, two coders independently reviewed the interview 
data and applied initial codes. After the independent coding phase, coders met to compare their 
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interpretations, revisit and revise any discrepancies, and reach consensus on the final set of codes. This 
structured approach ultimately led to the identification of four major themes that encapsulated the core 
aspects of the students' responses (Figure 6).  

Figure 6. Process of qualitative coding process and identification of major themes 

 

Findings 

Participants’ engagement with confidence tiers fell into four major themes: “Confidence” vs 
“Understanding”, Subjectivity of Assessment, Inclusion/Omission of Average, and Purpose of Educational 
Feedback (RO1). These themes elucidate the features of confidence tier stems and scales which allow for 
precise prompting and measurement within a two-tier assessment (RO2).  

RO1: Investigate learners’ interpretations of different stems and scales through their engagement 
with confidence tiers 

Theme 1: “Confidence” vs “Understanding”. When engaging with various items, students 
distinguished between their “confidence” in an answer and their “understanding” of underlying concepts. 
From participants’ descriptions, “confidence” results from test-taking skills or familiarity with phrasing. 
While deep comprehension of a subject may increase confidence, it is complementary to an underlying 
feeling of test-taking competence. This sentiment echoes previous confidence tier literature which has 
indicated that confidence tier responses are often based on underlying personal factors (Ebel, 1965; Hansen, 
1971; Koevoets-Beach et al., 2023).  

Participants described that conceptual knowledge needs to be comfortably applied within an assessment 
for a respondent to rank high confidence in their response. For example: “If I understand the concept, but I don't 
feel confident in the answer, that has to do with something on the application step”, indicating a cognitive division between 
the two constructs where one could exist without the other (e.g. deep conceptual understanding with low 
confidence due to unfamiliar phrasing/terminology). Participants interpreted “understanding” prompts (i.e. 
Stems 2 and 4) as probing their metacognition of content knowledge and interpreted “confidence” prompts 
(i.e. Stems 1 and 3) as probing their test-taking skill. 

During the third interview phase, participants primarily selected “understanding” options for their 
individual two-tier design, citing more critical self-assessment. Participants described evaluating cognition 
more honestly with these “understanding” stems: “Even if I can get the answer, if I'm not able to understand how I'm 
getting [it], I'm doing worse off because I'm not actually understanding those concepts”. Participants described deeper 
metacognitive reflection between learning and applying when responding to “understanding” stems: “If I 
were to say that I applied knowledge that I learned in class but my confidence level was low, maybe the learning in class is not 
translating to being confident about using it”. This distinctly contrasted engagement with “confidence” stems, 
where participants frequently defaulted to time dependency and/or test-taking strategies: “I always feel confident 
my answer at the end no matter what because I use process of elimination”. “Confidence” stem responses often 
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circumvented metacognition by determining how quickly they could respond or how many multiple-choice 
options they could eliminate. 

This indicates that using more specific language regarding “conceptual knowledge” in place of 
“confidence” in stems may be more effective in engaging respondents in and promoting the practice of 
metacognition. Stems which direct attention to the learning process and  application of understanding helps 
learners focus on deeper metacognition rather than surface-level self-evaluation. 

Theme 2: Subjectivity of Assessment. Respondents possessed a strong understanding of the 
subjective nature of assessing one's knowledge, as each individual’s definition of terms such as “well” or 
“confident” may vary enough to muddy responses: “It really depends on what the word 'well' means…if ‘well’ means 
‘correctness’ or ‘do you understand what the question is asking?’ or like, ‘can you recall that this is something that you've learned 
before?’ And if I can do all three, I answered it very well. But if someone else were to see this, maybe that definition could 
change.” The subjectivity of phrasing was frequently cited by respondents when they described engagement 
with different stems. 

When engaging with subjective terminology, respondents struggled to appropriately reflect on how they 
felt about their performance: “[Stem 1] is a very open question because you don’t get a lot of context for my answer. I 
would like it better if it was more specific". In contrast to that, participants using stems and scales that specifically 
captured guessing and/or uncertainty felt that rankings closely matched their own feelings. For example, in 
reference to Stem 2, one participant described: “If I’m having to describe how well I understand the concept, I’m 
gonna get a better idea of how I actually did”. This supports the use of stems that directly prompt metacognitive 
reflection rather than test-taking ability to redirect focus to the self-regulation step of the SRL cycle.   

Participants emphasized the complexity of assessing understanding: “It can be just overwhelming... it’s hard 
to quantify confidence,” but felt that the subjectivity of ranking could be mitigated through the inclusion of a 
complementary number scale, like in Scales 3 and 5. This was described as providing both scope and 
specificity to one’s rankings: "I feel like I would fall in the middle but with [Scale 3] there are more options, you get a 
numerical answer. I think combining words and numbers makes the most sense to think about if you actually knew it or not.” 
Participants found both the greater resolution of possible options and the addition of a numeric range (as in 
Scales 3 and 5) to be helpful in conceptualizing their confidence: “Numbers are easier to quantify but having 
something like this where the scale has both numbers and words gives more room for somebody to be like ‘I'm not like doing 
bad, but I'm not doing great’”. The ability to select from a combination scale offered both rich description and 
specificity for students to rank their degree of certainty in their answer.  

The utility of a full 1-100 scale (Scale 5) was questioned by some respondents, who described it as 
overwhelming and increasing the cognitive load required to engage in each individual confidence tier: “when 
there's a lot of options, that doesn't really make it more precise, it just adds more options”. While several respondents felt 
the large scale helped mitigate the effects of subjectivity, others characterized Scale 5 as having the largest 
degree of subjectivity due to the differences in individual scoring practices: “every student has a different level of 
"confident" in their brain. For one person it could be a 70, and for another it could be a 90”. To strike a balance in 
descriptive power and specificity of construct, a constrained numerical scale may be most useful for 
prompting metacognition.  

Theme 3: Inclusion/Omission of Average. During interviews, participants were asked to describe 
the effects of the inclusion of the “average” midpoint on a confidence scale. Participants felt that an average 
option captured their uncertainty more effectively. Use of a midpoint option was frequently cited as helping 

to prevent under- or overestimating one’s abilities and allowing for more balanced self-evaluation.  When 
presented with an even-numbered scale without a neutral option, students stated they would likely rate 
themselves on the lower end of the scale: “I would probably put ‘poorly’. Just because I would not say that I was 
confident enough to say ‘well’.” Participants described this as a shortcoming for even-numbered scales, though 
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engaging in difficult self-reflection may still be productive for redirecting attention and study efforts if the 
target is metacognitive regulation.  

When participants employed odd-numbered scales with a midpoint, we observed its use as a “dumping 
ground” for unsure responses (Kulas et al., 2008): “If I’m not sure about it […] I just prefer using ‘average’ rather 
than having to put myself on one side or the other”. This avoidance of ranking by relying on the neutral response 
could inhibit meaningful reflection and measurement. Respondents also chose average when they had used 
some content knowledge in conjunction with test-taking strategies but were still unable to confidently select 
a correct response “I started with the process of elimination but […] since there doesn't seem to be a middle ground, I 
wouldn't know where to put myself.” The selection of average reflected learners’ ability to partially navigate a 
question but lacked the specific language an assessor would need to identify why a respondent ranked their 
confidence as average.  

Participants indicated that while “average” might help in comparing oneself to others, it doesn’t provide 
clear, direct information about personal understanding: “If they [respondents] are going to compare themselves...you'll 
get more of that [comparison] and less of the topic itself.” Some provided their perspective for an assessor concerning 
assessment data output quality: “I think when you're looking at data and trying to compare results... if you have a bunch 
of average answers, then you don't really know as much.” Offering an even-numbered scale may force individuals to 
assess their performance more critically, as one participant noted: “not having an average would probably be better 
because you're forcing someone to decide whether they think they did well or not.” While the inclusion of average is a well-
documented preference for survey respondents (McDonald, 2013; Preston & Colman, 2000), it is important 
for assessors to consider whether prompting more critical self-reflection is important in their assessment 
context. Constraining respondents to select either high or low confidence or using specific language that 
captures “informed guessing” or “feeling unsure” may promote more targeted metacognitive engagement 
and provide richer data for analysts.  

Theme 4: Purpose of Education Feedback. When presented with different stem and scale options, 
participants reflected that the intention for using the confidence tier was clearly tied to both learners’ and 
assessors’ goals: “I think whoever's reading this [stem] would be able to gauge their learning better. If they are having to 
describe how well they understand the concept, then you [the assessor] are gonna see how good or bad they actually do”. 
Participants valued the confidence tier for prompting reflection on their understanding of the underlying 
concepts while acknowledging that the tier could be helpful in a classroom setting to identify ACs: "I think 
[Stem 2] would help students in the long run because their answer then makes the professor realize that they don't understand 
a certain concept". Respondents felt the data generated could allow instructional staff to revisit alternate 
conceptions, benefiting students’ overall comprehension. Specifically, they felt that prompting students to 
gauge their understanding of concepts provided the most meaningful information to the assessor: “You want 
to know if somebody's guessing or knowing the content. I feel like that's the point of including the reflection question.” This 
highlights students’ awareness that engagement with these stems prompts their own metacognitive reflection 
while also providing valuable insights for their instructors. They also identified features that would be 
unhelpful for an assessor, such as Scale 4 prompting for a difficulty ranking: “whether or not something was 
difficult or easy for someone would be less important for the teacher just because it could just be reflective of how well you studied 
or sometimes just like if you got enough sleep”.  Overall, students felt that prompting reflection on difficulty would 
be unhelpful both for the respondent and the assessor. 

Participants contrasted the criteria for features most helpful for respondents to what would best serve 
assessors. For example, having more scale options (as in Scale 5) allows more breadth for learners’ accurate 
assessment, but constraining stem options could help assessors interpret the assessment data better: “If you 
have fewer [scale] options, you kind of get people pushed to extremes so you’re able to get a broader range of data.” This idea 
of differing priorities was also seen in the discussion of including an average or midpoint on a scale (see 
Theme 3). The inclusion of average for their own self-reflection helped them capture neutral feelings despite 
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potentially limiting an assessor’s interpretation of students’ data. Acknowledging how the same feature (i.e. 
a neutral option) functions for different stakeholders, respondents exposed a conflict between an assessor’s 
collection of meaningful measurements with a learner’s ability to engage in self-reflection and metacognitive 
regulation. This conflict is mirrored in the varied historical use of confidence tiers and the ability of an 
assessor to make claims about the validity of the data collected using these tools.  

RO2: Generate recommendations for future administrations of confidence tiers  

To develop recommendations for assessment developers who seek to use confidence tiers, the four 
themes observed in students’ response processes have been used to help tailor stems and scales to best target 
constructs of interest. Considering these findings and existing confidence tier literature, there is a distinct 
separation between two target constructs for the use of confidence tiers: (a) engaging learners in 
metacognition, and (b) measuring self-evaluation of conceptual knowledge (Table 3). While complementary, 
each should be explicitly targeted to provide the most clarity for respondents and meaningful data for 
assessors.  

Table 3. Definitions and examples of two target constructs of confidence tiers 

Target Construct Definition Focus Example from Interview Data 

Metacognition The practice of reflecting 
on the degree (or 
strength) of one’s 
knowledge of the content 
being assessed 

Respondent “I think whoever's reading this would be 
able to gauge their learning better.” 

Self-evaluation of 
Conceptual 
Knowledge 

 

The measurable ranking of 
one’s confidence or 
certainty in the 
correctness of their 
answer  

Assessor “You [the assessor] want to know if 
somebody's guessing or knowing the 
content. I feel like that's the point of 
including the reflection question.” 

 

Engaging students in metacognition. For confidence tiers targeting students’ evaluation of their 
content knowledge, our findings indicate that using language which directs attention to the understanding of 
concepts more effectively activates metacognitive regulation. Stem phrasing targeting a student’s 
“confidence” or “ability” opens their interaction with the confidence tier to consider test-taking strategies, 
personal self-efficacy beliefs, and time dependence. Therefore, for a metacognitive confidence stem, learners 
should be prompted to reflect on the “strength” or “degree” of their understanding.  

To design a metacognition-targeted confidence scale, a key consideration is respondents’ use of a mid-
point option. Unlabeled midpoint options or “average” labels can lack specificity and are more likely to 
become a “dumping ground” for unsure responses or social desirability bias (Garland, 1991; Kulas et al., 
2008). Our data supports the use of odd-numbered response scales which shift away from “average” towards 
“informed guessing” or “feeling unsure” to allow learners to extract more meaning from their own results 
and better direct their study efforts. If using a complementary numerical scale, a constrained number of 
options (e.g.,  Scale 3) strikes balance between descriptive power and specificity.  

For metacognitive regulation of study efforts, gradual and consistent exposure in the form of 
metacognitive training has been recommended (Papaleontiou-Louca, 2003; Pazicni & Bauer, 2014; 
Zimmerman et al., 2011). Confidence tiers used to improve metacognitive regulation should therefore be 
implemented with formative assessments which are themselves designed to provide frequent feedback to 
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learners about their learning processes (Harlen & James, 1997). By pairing confidence tiers with formative 
assessments such as clicker questions or checkpoint quizzes (Bunce et al., 2023; Colthorpe et al., 2018), 
assessors provide opportunity for learners to engage in self-reflection and comparative benchmarking with 
peers. For assessments designed to be summative, confidence tiers may be less impactful as a metacognitive 
tool for learners but still offer valuable information to assessors to measure the strength of alternate 
conceptions.   

Measuring self-evaluation of conceptual knowledge. Recommendations for designing confidence 
tiers to specifically target the strength of alternate conceptions requires further consideration of how their 
output impacts assessors’ interpretations. As confidence tiers are operationalized differently, design features 
follow. Specifically, confidence tier stems targeting measurement may benefit from more narrowly targeting 
the construct of interest. For example, an amendment to the stem used for our General Chemistry 
assessment may prompt students: “How certain do you feel you understand the chemistry concepts asked about above?” 
Measurement of learners’ understanding of a certain concept may be conducted in the context of either a 
summative or formative research-based assessments.   

For confidence tier scales, a major design feature to consider is the inclusion of an average/mid-point 
option or the use of an even number of options within a scale. Midpoint or “average” options allowed 
respondents to convey uncertainty about their performance and to avoid providing a negative assessment 

when unsure.  For assessment in high-attrition courses such as General Chemistry (Koch & Drake, 2018) 
where a static negative self-reflection may be pervasive (Atherton, 2017), providing an average option may 
help mitigate bias in self-evaluation and allow for a more accurate measurement. Respondents report a 
preference to have a midpoint for their own self-reflection, but acknowledge the likelihood for it to become 
a sink for unsure responses, potentially inhibiting the transmission of helpful information to an assessor. We 
recommend using a scale with no midpoint or using the specific terminology of “made an informed guess” 
rather than “average”, “neutral”, or no label to help direct attention to self-regulatory knowledge. 
Participants recognized that restricting the number of scale options and eliminating average could provide 
more meaningful data output for an assessor to use to improve instruction and learning outcomes, aligning 
with existing literature (Lee & Paek, 2014; Lozano et al., 2008; Simms et al., 2019). 

Participants in our interviews described that confidence scales which combine numerical values and 
descriptions could help respondents interpret the thresholds more consistently with one another. By 
combining these two features (similarly to Scale 3) assessors can provide more clarity for the student while 
controlling for the subjectivity identified in a large numeric scale with only two anchor labels. This also helps 
account for the problem of ordinality associated with Likert-style scales (Jamieson, 2004), specifically for 
those who seek to quantitatively analyze assessment responses as interval data.   

Using a scale which clearly identifies uncertainty and informed guessing helps assessors identify alternate 
conceptions and pinpoint where extra instruction and assistance could be directed. Scale phrasing should 
allow respondents to identify these differences. We recommend using a restricted numeric scale (4-6 options) 
alongside highly descriptive Likert-style responses to allow for assessors to make stronger claims regarding 
the unidimensional and interval qualities of their measurements and draw clearer conclusions about 
conceptual understanding.   

 

Implications 

Assessment developers have used confidence tiers over the last century to investigate students’ cognitive 
models and metacognition. For assessment to be meaningful to both assessors and students, the purpose of 
the assessment must be clearly defined and aligned with an understanding of the construct being measured. 
Much of the murkiness that has been demonstrated in the output from confidence tiers has stemmed from 
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the misalignment with their intended purpose. Extant literature supports using confidence tiers to assess and 
improve learners’ metacognitive regulation to improve learning outcomes, therefore assessors must (1) 
understand the construct being measured, (2) select the outcome that matches the construct being studied, 
and (3) use multiple outcome measures whenever possible (Schraw, 2009).  

This work has helped delineate how respondents interpret stems and scales for different constructs, 
however, the recommendations provided must align with the target construct of interest. If the priority for 
an assessment developer is to promote metacognition, that construct must be embedded in the instrument 
through its intended use as a formative tool. An instrument that will be used to collect measurement data 
for quantitative analysis should be designed with unidimensionality, validity, and reliability in mind for each 
chosen feature.   

This work revealed two major target constructs that could be studied using confidence tiers: engaging 
learners in metacognition and measuring their self-evaluation of conceptual knowledge. Responsibility falls 
to the assessment developer to select which target construct best fits their goal for using a confidence tier 
and to use the most appropriate features for that construct. Within the framing of reflective interviews, 
respondents identified how confidence tiers allow for an assessor to identify if respondents are guessing on 
an assessment or using some degree of knowledge combined with test-taking strategies, emphasizing the 
importance of properly framing the purpose of self-reflective measurement and tailoring scales to serve 
assessors and learners most appropriately.   

To improve metacognitive calibration, it has been shown that repeated self-assessment alone is not 
enough to improve this skill (Hawker et al., 2016; Webb & Karatjas, 2018). Literature from DBER fields has 
recommended that self-assessment should be used in conjunction with metacognitive training, reviewing 
one’s own past performance, and benchmarking, i.e. comparing one’s performance against that of others 
(Pazicni & Bauer, 2014). With this recommendation in mind, assessors should consider using metacognitive 
prompting within formative settings to echo the ‘easing in’ process that has been recommended for decades. 
Formative metacognitive training allows assessment developers who use a confidence tier tool to conduct 
more accurate measurement and identification of alternate conceptions with a population who is more 
metacognitively experienced. Ultimately, these recommendations should allow for a) improved 
metacognitive prompting and b) valid and reliable data regarding formal reasoning and alternative 
conceptions to be collected to improve future instruction.  

 

Limitations 

This study was conducted at one institution with a narrow sample population who had completed an 
introductory STEM course. While the interview protocol leveraged stems and scales from previous 
instruments that spanned contexts, this study was conducted within the single context of a General 
Chemistry assessment and reflection on content knowledge was done within that context. The sample 
collected was limited in size to ten interviewees, though interviews were continued until saturation was 
reached across the major observable themes. Despite the constrained sample size, the findings which 
emerged from this rich qualitative data provide a strong foundation for the recommendations to tailor stems 
and scales which reflect respondents’ interpretations of confidence tiers. These findings converge with 
previous qualitative work demonstrating that confidence tiers can be subjective and result in use of unreliable 
metrics such as test-taking strategies (Koevoets-Beach et al., 2023). In examples outside of education like 
professional certification exams, assessment designers are advised that novices and experts within narrow 
sample populations may interpret and respond to confidence tiers differently (Fraundorf et al., 2022). Given 
that our findings converge with existing work across contexts, this supports our findings being transferable 
to a study conducted with a larger sample size. One further consideration for the limited sample size is that 
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the linguistic or cognitive distinctions apparent to college students may not generalize to younger learners 
or English language learners. Further investigation is required to better understanding how their engagement 
may differ. 

It may be noted that no demographic data was obtained for the interviewees or reported for this study. 
The influence of gender and intersectional identities has been observed for confidence tiers in quantitative 
studies (Lundeberg et al., 1992) but was considered outside of the scope of this study. The scope of language 
and design features used in confidence tiers up to this point provides enough breadth that learners may rely 
on variable external factors which can be highly influenced by their diverse lived experiences to make their 
confidence judgments. It is our hope that through implementation of these highly tailored recommendations 
for confidence tier stems and scales, equity implications can more aptly be addressed in future studies as the 
tool is more narrowly focused on metacognition and content knowledge.  

This work focused directly on using learners’ interpretations to generate recommendations which directly 
prompt self-reflection and provide meaningful measurement of the target constructs, however, we can 
acknowledge that the utility of confidence tiers is dependent on individuals’ willingness to engage with them. 
Our recommendations seek to increase meaningful engagement with confidence tiers, but a single exposure 
with this type of metacognitive prompting is not enough to improve accuracy in self-assessment calibration. 
With repeated exposure to these types of measures and regular practice, confidence tiers can become more 
reliable tools for both the learner and the assessor.  

The recommendations generated from literature review and qualitative interviews have been largely 
directed towards developers of research-based assessments, particularly in DBER fields. While we believe 
these recommendations include widely applicable features for classroom assessment, they do focus on 
threats to validity and reliability of data in novel instrument design which may be of less concern in non-
research contexts. In contexts outside of the classroom, these considerations may still be valuable for 
assessment development which seeks to target self-regulated learning in specific participant populations. 
Extensive quantitative literature has been reported regarding the psychometric qualities of different scale 
types and these studies were considered to be part of the rationale for conducting this qualitative study. 
Future work comparing the psychometric qualities of an assessment which used both an original confidence 
tier and a revised version based on our recommendations would further solidify the findings from our 
cognitive interviews.    

 

Conclusions 

This study highlighted how design differences in two-tiered confidence items can have distinct impacts 
on respondents’ interpretations and perceived utility. Examination of how learners understand and interpret 
these components allowed us to identify both strategies and challenges that affect their confidence 
judgments. Our analysis revealed deeper understanding of the misalignment that can occur when design is 
not rooted in learners’ mental models, justifying the need to tailor confidence stems and scales to reflect the 
construct of interest. Our recommendations first require an assessment designer to identify whether the 
target for using a confidence tier is to improve/promote metacognition or to measure learners’ self-
evaluation of their confidence in assessed content. 

 If targeting metacognitive practice: 

• Use should be in low-stakes, formative assessments 

• Stems should use specific language targeting “strength of understanding” 
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• Scales may be odd-numbered but with the midpoint option labeled as “made an informed guess” 
or “felt unsure” to direct reflection 

• Scales should be constrained between 4 and 7 options 

• Multiple interactions with the tier should be embedded in the design, rather than a single use 

If targeting measurement of self-evaluation of conceptual knowledge: 

• Use can be in either formative or summative assessments 

• Stems should be narrowly tailored to prompt reflection on the exact context of the assessment 

• Scales are recommended to be even numbered to provide more analytical power and eliminate 
the “dumping ground” of “average” 

• Scales should provide 4-6 descriptions with paired numerical values to direct reflection which 
can be analyzed as interval data 

• Scale descriptions should target uncertainty and informed guessing to provide actionable 
interpretations for assessors 

These evidence-based recommendations are intended to improve the clarity and utility of confidence 
tiers, promote a more meaningful evaluation of understanding from both learners and assessors, and 
strengthen the quality of data used to make claims about respondents’ cognition and/or metacognition. We 
intend to lay foundation for further research which investigates the potential effects of assessment design 
on learners’ perceptions and understanding. By identifying and attending to those effects, assessors can 
develop more robust confidence claims and target learners who may benefit from more direction in 
developing their skills to engage with self-regulated learning.  
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