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Abstract
The literature on calibration suggests that students consider a multitude of factors when
they self-evaluate task performance. Nevertheless, few studies have focused on calibra-
tion within a complex task enviornment, such as when students are asked to
compose written responses based on multiple texts. In this study, we examined the
criteria that undergraduate students considered when they were asked to self-evaluate
their written responses, composed based on multiple texts. Moreover, we considered the
extent to which these criteria had an effect on students' objective response quality,
calibration accuracy, and confidence bias. Findings revealed that students indeed cited
a variety of criteria in justifying their self-evaluations including task-, context-, and
person-related factors, consistent with prior research. Further, our study indicated that
high quality written responses were associated with accurate calibration and with stu-
dents' relative under-confidence. We further found that low-performing students demon-
strated less accurate calibration and greater over-confidence. Implications for improving
students’ metacognitive awareness during complex task completion are discussed.
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Introduction

Multiple text use is a key competency necessary for learning in the twenty-first
century (List and Alexander 2017; Goldman and Scardamalia 2013). At the same
time, students, even at the undergraduate level, have been found to struggle with
multiple text use, including with composing written responses based on multiple texts
(Anmarkrud et al. 2014; Authors, 2019c; Mateos and Solé 2009). Specifically, students
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have been found to experience challenges with both the superficial (e.g., mechanics, like
spelling and grammar, Cavaleri and Dianati 2016; Fallahi et al. 2006) and deeper-level (e.g.,
evaluating and integrating information) aspects of response composition (Du & List, under
review; List et al. 2017; Britt and Aglinskas 2002; Strømsø et al. 2013; Wiley and Voss 1999;
Wiley et al. 2009). This may be explained in a variety of ways. For one, students may become
overwhelmed by the informational demands of writing based on multiple texts (Cerdán and
Vidal-Abarca 2008). For another, students may not have the skills necessary to engage in
multiple text integration (Britt and Sommer 2004). At the same time, another possibility is that,
while students are able to somewhat effectively integrate multiple texts during processing, this
integration fails to transfer to the written responses that they compose (Wolfe and Goldman
2005). In part, this failure of transfer may be due to students’ deficits in conceptualizing what
may constitute a quality written response based on multiple texts (List, Du, & Wang (under
review); List and Alexander 2015). In this study we examine this possibility. Specifically, we
identify the criteria that students draw on in evaluating the quality of their written responses and
examine the association between the self-evaluation criteria that students use to determine
response quality and their actual task performance.

Multiple text use

While a variety of models have been proposed to conceptualize students’ multiple text use, the
most prominent of these is the Multiple Documents Task-Based Relevance Assessment and
Content Extraction (MD-TRACE) model of multiple texts (Rouet and Britt 2011; Rouet 2006).
The MD-TRACE suggests that students’ process of multiple text use unfolds through a series
of five, recursive steps. In Step 1, students form an initial cognitive representation of the
assignment based on the task demands provided (i.e., construct a task model), at the same time
conceptualizing the external (e.g., texts) and internal resources (e.g., prior knowledge) avail-
able to them to aid in task completion. In Step 2, students determine that they have an
information need, requiring them to access information, beyond their prior knowledge. This
information need serves to initiate the process of multiple text use. Step 3, therefore, is devoted
to students’ engagement with multiple texts, including information selection, processing, and
integration. Specifically, in integrating multiple texts, students may be expected to construct a
documents model or a cognitive representation of content presented across texts and the
associations among them (Britt et al. 1999; Perfetti et al. 1999). In Step 4 of the MD-TRACE,
students are expected to produce a task product, typically a written response based on multiple
texts. Finally, in Step 5, students evaluate the quality of their task product, relative to the task
model developed in Step 1, and determine either that the response they composed is sufficient
to meet task demands or decide to iteratively return to earlier stages in the model.

Step 5 of the MD-TRACE, or students’ self-evaluations of their task products, is the
focus of the present paper. We consider Step 5 to be a critical, albeit under-examined, step
of the multiple text use process, related to students’ judgments of their own performance
and to students’ potential re-engagement in processes associated with selecting, evaluating,
and integrating earlier accessed texts. While students’ self-evaluations of written responses
composed based on multiple texts have received limited consideration in the literature (List
and Alexander 2015), students’ judgments of performance have been emphasized in the
literatures on self-regulation and calibration.
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Task type in multiple texts

Work on multiple text use has long considered differences in task assignment to be
associated with differences in multiple text processing and performance (Gil et al. 2010;
Le Bigot and Rouet 2007; Wiley and Voss 1996, 1999). Specifically, Wiley and Voss
(1996, 1999) suggest that, in part, multiple text tasks differ in asking students to engage
in either “knowledge-telling” or “knowledge-transforming,” with these two task types
tapping different levels of understanding on the part of learners. For instance, tasks
asking students to write a narrative response (i.e., to engage in knowledge-telling) may
be considered to only require the restating of text-based information and to produce only
superficial learning. As a contrast, writing an argument (i.e., knowledge-transforming) is
considered to require reorganizing and reformulating text-based information in support
of a claim, producing deep-level understanding. Indeed, in a seminal study, Wiley and
Voss (1999) found that college students who were asked to write an argument based on
multiple texts produced more integrated responses, with a greater number of causal and
transformed statements included, as compared to students who were asked to write
narrative, summary, or opinion-based essays. Bråten and Strømsø (2009) similarly found
that students who were asked to construct an argument based on multiple texts devel-
oped deeper-level and more integrated understanding than students asked to report their
global understanding. These studies echo the preponderance of empirical evidence
indicating that students’ understandings of multiple text use and writing quality differ
in association with task assignment (Cerdán and Vidal-Abarca 2008; Gil et al. 2010).

In a recent study, List, Du, and Wang (under review) examined college students’
conceptions of five common academic tasks. In particular, students were asked to report
what composing an argument, essay, opinion, summary or research report entailed.
Results showed that students had different conceptions regarding each of these five
tasks. In particular, students’ conceptions varied in the degree to which they considered
different writing assignments to require that they defend a personal opinion or be
“objective” and that they provide text-based evidence or not. Of particular interest to
us in this study are the differences in students’ conceptualizations of argument tasks
vis-à-vis research reports. Although argument tasks and research reports may be
considered types of “knowledge-transforming” tasks in Wiley and Voss (1999) par-
lance, students in List et al.'s (under review) study conceptualized argument tasks as
requiring them to take a stance, supported with evidence. This was reflected in
responses such as, "I think this is asking me to pick one side of the topic I choose
and defend it and provide support as to why it is the right choice." At the same time,
students conceptualized writing a research report to require research, source use, and
citation; multiple text use behaviors typically considered to be associated
with argument composition in prior work. This was reflected in students reporting that
writing a research report required them to: use outside articles, normally peer reviewed,
to come to a conclusion based on my topic. In this study, we build on these prior results
to directly compare students’ response composition and self-perceptions of response
quality when asked to write an argument vis-à-vis a research report. To the extent that
List et al. (under review) found students to have different conceptions of argument tasks
vis-à-vis research reports, we extend this prior work to consider whether differences in
task assignment also result in differential task performance and in students' differential
self-evaluations of response quality.
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Calibration

Across a variety of domains, calibration, or the association between students’ subjective
assessments of their performance and their objective performance on corresponding tasks,
has been strongly associated with learning (Keren 1991; Nietfeld et al. 2006b; Pieschl 2009).
In particular, students who are better calibrated, or more accurate in predicting their task
performance, tend to have improved academic outcomes (e.g., Bol et al. 2012; Dole et al.
1991; Hadwin and Webster 2013). This may be the case for a number of reasons. For one,
calibration may be associated with students’monitoring of their performance during the course
of task completion, allowing students to better identify potential gaps in understanding and to
deploy strategies, aimed at improving comprehension, accordingly (Baker 1989; Flavell 1979;
Glenberg and Epstein 1985; Huff and Nietfeld 2009). Indeed, calibration and students’
improved monitoring during task completion have been found to be associated with more
purposeful and effective strategy selection and use (Pressley and Ghatala 1990; Pieschl 2009;
Winne and Jamieson-Noel 2002). For another, improved calibration may indicate more
strategic deployment of motivational and cognitive resources (Sperling et al. 2004; Stone
2000; Winne and Jamieson-Noel 2002). Finally, better calibration may be associated with
students’ better understanding of task demands, improving performance (Dinsmore and
Parkinson 2013; Kulhavy and Stock 1989; Lin and Zabrucky 1998; Pieschl 2009; Winne
and Hadwin 1998). This particular aspect of calibration is examined in this study. Specifically,
we seek to identify the criteria that students use to judge their performance on a multiple text
writing task and to determine the extent to which these are associated with objective measures
of task performance. More generally, we seek to understand whether students more accurately
gauging their performance on a multiple text writing task, do, indeed, perform better.

Nevertheless, the literature on calibration has been limited in two ways. First, students have
been asked to calibrate, or formulate confidence judgments, of their performance on discrete or
fairly low-level tasks (e.g., multiple-choice questions, Higham 2013), rather than on more
complex tasks (e.g., writing papers), typical of those commonly assigned in academic contexts
(List and Alexander 2015). Second, studies of calibration have focused on computing the
discrepancy between measures of students’ subjective and objective task performance (e.g.,
Lichtenstein and Fischhoff 1977; Schraw et al. 2013), neglecting the cognitive and
metacognitive processes underlying students’ judgments of calibration (Dinsmore and
Parkinson 2013). In this study we aim to address these limitations by examining the accuracy
of students’ judgments of performance on a complex task (i.e., composing a written response
based onmultiple texts) and by considering the criteria that students use to form these judgments.
This represents a critical area of investigation since students may experience particular difficul-
ties in forming judgments of performance on complex tasks. Indeed, forming such judgments
requires students to identify, interpret, and evaluate their performance on a variety of task sub-
components and to synthesize these in formulating an overall self-evaluation or judgment of
performance (Pieschl 2009). These difficulties in self-evaluation demand not only the investi-
gation of the overall accuracy of students’ judgments of performance but also their basis.

Formation of judgments of performance

Students have been found to consider a variety of criteria when forming judgments of
performance or self-evaluating their task products. Lin and Zabrucky (1998) in a review of
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the literature on students’ calibration of reading comprehension, found students’ judgments of
performance to be based on factors associated with the task, text, and the individual. Task-
related factors reflected students’ judgments of performance that were based on features of the
assignment that students were asked to complete (e.g., discrete or open-ended questions) or
students’ analysis of task difficulty. Text-related factors included calibration judgments based
on characteristics of the texts that students were asked to read, including text genre and reading
difficulty. Finally, individual-related factors were reflected in calibration judgments rendered
based on students’ assessment of their personal characteristics, like prior knowledge or reading
ability. Although identified as somewhat distinct factors contributing to the formation of
calibration judgments, Lin and Zabrucky (1998) emphasized that task, text, and individual-
related factors all interact with one another in students’ formation of judgments of
performance.

Dinsmore and Parkinson (2013) identified similar factors as contributing to students’
judgments of calibration. Specifically, they identified five categories in students’ justifications
for confidence judgments. These were justifications based on prior knowledge, characteristics
of the text, item characteristics, guessing, and an “other” category. More importantly, they
demonstrated that students considered multiple factors when rendering confidence judgments.
Indeed, evaluations jointly rendered based on multiple characteristics may be expected to be
more accurate than judgement that are based only on one factor, alone (Pieschl 2009).

Present study

The dimensions identified by Lin and Zabrucky (1998) and Dinsmore and Parkinson (2013)
provide initial insights into the factors that students may consider in rendering judgments of
performance. Nevertheless, these dimensions were only examined within the context of
students judging their performance on fairly simple reading comprehension measures (e.g.,
multiple choice questions, single inference verification items). More needs to be understood
regarding the extent to which these same dimensions are invoked and comparably conceptu-
alized when students judge their performance on more complex or open-ended tasks.

There are a number of reasons why students’ judgments of performance, formed in
response to open-ended tasks, should be considered separately from judgments of performance
rendered in response to multiple choice and other discreet items. Mosenthal (1998) suggests
that open-ended tasks (e.g., writing assignments) are distinguishable from discrete tasks (e.g.,
multiple choice questions) in a number of ways. To start, open-ended tasks present students
with more ambiguity regarding what task demands may be, whereas discrete tasks are defined
by their presentation of a more limited problem space for learners. As such, open-ended
questions demand that students drawn on their prior knowledge and make a variety of
inferences to self-determine what task parameters may be. Moreover, open-ended tasks are
more complex because they require students to complete and coordinate more aspects of the
task than is necessary to correctly respond to a discrete question. For instance, within the
context of multiple text use, composing a quality open-ended response requires the consider-
ation and integration of information presented across texts and its synthesis into a written
response, whereas responding to a multiple choice item has typically been conceptualized as a
more limited information-location task (Cerdán and Vidal-Abarca 2008). In other words, in
composing an open-ended response, students may need to generate a greater number of
inferences to connect information, as compared to when completing a discrete task. Relatedly,
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open-ended tasks are scored comprehensively, based on a variety of criteria (e.g., organization,
mechanics, evidence quality), rather than dichotomously, as correct or incorrect. While
students have well-defined schema for responding to discrete questions (e.g., multiple choice
items), open-ended questions vary more widely, limiting the response schema that students
may be able to draw on in selecting criteria for self-evaluation. Collectively, the complexity of
open-ended tasks and the variation in their scoring (Firetto (forthcoming)) may make judg-
ments of performance more difficult for students to render, such as when students are asked to
self-evaluate their writing performance based on multiple texts.

Work on multiple text use per se suggests a number of reasons why it is considered to be a
quite challenge academic task for many students. Processing data, gathered through think-alouds
and log data, have found students’ multiple text use to simultaneously require constructive-
integrative, critical-analytic, and metacognitive processing (Afflerbach and Cho 2009;
Anmarkrud et al. 2014; Authors, 2017; 2019a; Cho and Afflerbach 2017). This includes
determining information relevance, monitoring comprehension, forming connections across
disparate texts, and considering source information in guiding the interpretation of texts. Scoring
rubrics, used to rate students’written responses composed based onmultiple texts, have implicitly
suggested that multiple text use further requires students to draw a conclusion or formulate an
argument based on information provided across texts, explain and provide evidence for their
chosen argument in an inter-connected fashion, and consider counter-arguments and conflicting
perspectives, and rebut these to varying extents (Anmarkrud et al. 2014).

In this study, we are particularly interested in examining the task criteria that students attend
to when making judgments about their performance on a complex writing task addressing a
controversial topic (i.e., the threats of and solutions to overpopulation). In a recent addition to
the MD-TRACE, Rouet et al. (2017) introduced the RESOLVModel of purposeful reading, as
a way of emphasizing the contextual factors that students may have available to them and may
attend to when completing multiple texts tasks. Specifically, Rouet et al. (2017) provide a
taxonomy of the contextual factors that may have a bearing on students’ engagement with
multiple texts. These factors include the request (e.g., the task for reading), the requester (e.g.,
teacher), and the audience benefitting from task completion, as well as the supports and
obstacles (e.g., texts provided, time limits) available in the task environment. All-together
these factors are represented by learners in their cognitive model of the task context situating
multiple text task completion (i.e., the context model). In this study, we are, in part, interested
in determining which contextual factors shaping students’ multiple text use manifest in the
justifications for self-evaluations of response quality that students provide. For instance, the
number of texts that students have available to them during task completion may be thought of
as both a support to be represented in students’ context models, prior to task completion, and
as a justification for students to consider when self-evaluating their task products in the final
stage of multiple text use. Moreover, we examine how students’ calibration of complex task
performance (i.e., the correspondence between students’ subjective and objective performance)
is associated with their actual performance on a multiple text writing task. We also consider
how the justifications that students cite for their self-evaluations of response quality are
associated both with overall task performance and with calibration.

We were further interested in determining whether the criteria that students use to evaluate
their writing performance and their calibration accuracy differed as a result of task assignment.
Bråten and Strømsø (2009) found that students who were asked to construct an argument or to
summarize information from across multiple texts were able to develop more deep-level and
integrated understanding than students asked to produce a general overview. Thus, in this
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study, we were interested in determining the extent to which different task conditions may
differ in the criteria that students reported considering when evaluating response quality and
differences in calibration.

We have the following research questions and hypotheses:

1. How do students evaluate the quality of their written responses, composed based on
multiple texts? What criteria do students use to justify their evaluations of writing quality?

Based on prior work, we expected students to rate their written responses fairly highly,
potentially demonstrating a degree of over-confidence (e.g., Dunlosky and Rawson 2012;
Miller and Geraci 2011). We expected that students would consider a variety of factors
when self-evaluating their written responses. Specifically, corresponding to prior work
(Dinsmore and Parkinson 2013; Lin and Zabrucky 1998), students were expected to
consider person-related, context-related, and task-related factors in rendering their self-
evaluations.

2. To what extent do students’ writing quality, calibration, confidence bias, and criteria for
evaluating task performance differ by task?

We expected students’ writing quality, calibration, and confidence bias to significantly
differ by task condition. This hypothesis is drawn from a recent study which found that
students had different perceptions of common academic tasks, including arguments and
research reports List et al. (under review). We expected these different conceptions to
particularly manifest in differences in the criteria that students considered when self-
evaluating task performance. In particular, based on their conceptions of these tasks, we
expected students to justify their self-evaluations of the research report according to their
inclusion of text-based evidence; conversely, we expected students to justify their self-
evaluations of the argument task according to their assumption of a personal stance or
their provision of a personal opinion.

3. What is the association between students’ self-evaluations of writing quality and actual
writing performance? What are the associations among students’ calibration accuracy,
confidence bias, and writing performance? To what extent does the association between
calibration accuracy, confidence, bias, and writing performance differ for high-performing
versus low-performing students?

We expected students’ self-evaluations of writing quality and actual writing perfor-
mance to be positively correlated, but only to a moderate extent. At the same time, we
expected students’ calibration and confidence bias to be negatively associated with
objective writing performance. That is, we expected students who were less accurate in
their self-evaluations to also have a lower degree of writing performance, overall. Finally,
we expected this negative association between calibration and confidence bias and
objective performance to be particularly pronounced for lower-performing students,
reflecting their relative over-confidence.

4. What is the association between the criteria that students use to justify their self-evaluations
of performance and their actual writing quality, calibration accuracy, and confidence bias?

We expected that writing quality would differ in association with the criteria that
students cited to justify their self-evaluations. In particular, we expected that students
who considered criteria related to text use (e.g., reporting that they evaluated library texts
or cited sources) would demonstrate a higher level of task performance. Moreover, while
we could not generate specific hypotheses regarding which justification categories would
be associated with calibration accuracy and confidence bias, due to the dearth of prior
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work; we did expect the number and variety of criteria that students cited to be associated
with these two outcomes.

Method

Participants

A total of 143 undergraduate students (age: M = 20.20, SD = 1.67) enrolled in a university in
the Mid-Western United States participated in this study. The sample consisted of 102 female
students (71.33%) and 39 male students (27.27%). Students reported White (67.83%, n = 97),
African American/Black (18.88%, n = 27), Hispanic/Latino (4.90%, n = 7), Asian (2.10%, n =
3), and biracial/multiracial (1.40%, n = 2) ethnicity. Three students reported their ethnicity as
other (2.10%). Students represented a variety of majors, primarily in the social and natural
sciences. They also represented various class standings: 24.48% (n = 35) of participants were
freshmen, 33.57% (n = 48) were sophomores, 25.17% (n = 36) were juniors, and 15.38% (n =
22) were seniors. Two students did not report demographic information.

Procedures

The study included three phases. First, students were asked to complete a variety of individual
difference measures, including an assessment of prior knowledge. Second, students completed
a multiple text task, wherein they were asked to research a complex and controversial topic
(i.e., threats of and solutions to overpopulation) using a library of six digital texts and to
compose a written response based on the texts provided. Specifically, students could choose
how many texts to read and could revisit as many texts as needed, prior to indicating that their
multiple text use was complete and proceeding to writing composition.

Students were randomly assigned to one of two task conditions, differing in the type of
written response assigned. Specifically, students were either asked to compose an argument or
a research report on the threats of and solution to overpopulation. Third, after composing their
written responses, students were asked to complete several post-task measures. In particular,
students were asked to self-evaluate their written responses with letter grades as well as to
compose written justifications for their self-evaluations. Students could provide as many
justifications as they wanted for their self-assigned letter grades.

This study is part of a larger project examining students’ interactions with multiple
texts (List et al. 2019). However, students’ self-evaluations of writing performance and
calibration accuracy are uniquely explored in this paper.

Measures

Prior knowledge Prior knowledge was assessed using a term identification measure. Specif-
ically, students were asked to define seven terms (e.g., population bomb, high-yield crops)
related to the topic of the task (i.e., overpopulation). Students’ definitions were scored
dichotomously as correct (1) or incorrect (0). Students’ total prior knowledge scores ranged
from zero to seven. Cohen’s kappa inter-rater reliability, based on 29 (20.28%) student
responses, was .76, with 88.18% exact agreement. Students’ prior knowledge scores indicated
that this was a low knowledge sample. See Appendix 1 for all prior knowledge items.
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Multiple text task The multiple text task required students to first research overpopulation
using a library of six digital texts and then to compose a written response. Prior to text use,
students were randomly assigned to one of two task conditions and asked to use the texts either
to compose an argument or a research report on the threats of and solutions to overpopulation.
The task was as follow: Write an argument/a research report for policy makers about the
threats of overpopulation and how these may be the most effectively addressed.After receiving
this task assignment, students were presented with a library of six digital texts related to
overpopulation. No time limit was imposed for this task.

Texts Students were provided with six digital texts relevant to the topic of the task (i.e.,
overpopulation). Texts were selected from the Room for Debate segment of the New York
Times (https://www.nytimes.com/roomfordebate/2015/06/08/is-overpopulation-a-legitimate-
threat-to-humanity-and-the-planet and https://www.nytimes.com/roomfordebate/2011/05/04
/can-the-planet-support-10-billion-people). These were then adapted and modified for
inclusion in this study. The six texts provided partially complementary and partially
conflicting information. For instance, while one text argued that women should have easy
access to contraception as a way of reducing birth rates, another text argued that birth rates
were not the issue as fertility rates were falling and, rather, that overconsumption was the
primary threat associated with overpopulation. All of the texts were attributed to trustworthy
authors and reputable publishers. Texts ranged in length from 222 to 274 words and had
Flesch-Kincaid grade levels from 10.5 to 17.4, Flesch reading ease from 23.8 to 44.8. While
using the digital library, students were able to access as many of the six texts as they wanted to
as well as to revisit texts, as needed. The summaries of each text are presented in Table 1.

Texts were presented in a random order, via a digital library. Each text was presented only
by title. Students were free to access none, some, or all of the texts available in the digital
library and could elect to revisit texts, as needed. Appendix 2 presents a screenshot of the
digital library used to introduce the six texts to students.

Response coding Students’ written responses, composed based on multiple texts, were scored
using a five-point rubric, ranging from zero to four, with half points. The scoring rubric was
established based on three indices, reflecting the number of arguments (i.e., claims and
evidence) included in students’ written responses and their degree of elaboration and integra-
tion. A score of zero corresponded to no relevant arguments provided. A score of one indicated
students’ provision of a single argument (i.e., claim with evidence) regarding a threat of or a
solution to overpopulation. A score of two corresponded to students providing multiple
arguments, or several claims with evidence, about overpopulation. A score of three was assigned
when students were both providing multiple arguments in their responses and elaborating their
arguments with the provision of added evidence, examples, or explanations, beyond a single
justification provided. Finally, students received a score of four if their responses included
multiple arguments about overpopulation, that were elaborated, and integrated, or in some
way reflected the linking of information presented across texts. Half points were assigned when
students attempted a response of some degree of quality, but were not entirely successful in its
execution. For instance, students attempting to present arguments integrating information from
multiple texts, but not doing so entirely successfully, received scores of 3.5, rather than 4.
Cohen’s kappa inter-rater reliability for response scores was 0.71, based on two raters. Scoring
discrepancies were resolved through discussion. Table 2 includes the description of the scoring
rubric, descriptives of students’ open-ended response scores, and sample written responses.
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Although students were asked to complete two different task assignment (i.e., write an
argument and a research report), a common rubric was used to score students’ responses.
Using a common rubric allowed for maximum comparability in responses. Moreover, this
rubric emphasized factors (e.g., elaboration, evidence integration) that we hoped would be
featured in students’ responses, regardless of whether they were composing arguments or
research reports. Using a common rubric to score essays completed in response to varied tasks
is common in the literature (Bråten and Strømsø 2009; Gil et al. 2010; Wiley and Voss 1999).

Self-evaluation task After students completed their written responses, they were asked to
self-evaluate these. First, students were asked to give themselves a letter grade for their
performance. Specifically, students were asked: If you submitted your response as a class
assignment, what grade do you think you would earn, and asked to select a letter grade from A
to F, including plus and minus grades, corresponding to the U.S. grading system. Then,
students were asked to justify their self-evaluations or to explain why they thought that they
would earn their designated grade. In the U. S., there are two types of grades: numerical grades
and letter grades. Oftentimes, students receive grades on a scale from zero to 100. These
numerical grades are then categorized into letter grades to represent levels of performance.
These general levels of performance, demarcated by letter grades A, B, C, D, and F are further

Table 1 Information for the six texts

Text title Author Affiliation Main point

Threat Solution

Overconsumption
is a Grave
Threat to
Humanity

Jamias
Cascio

Institute for
the Future

Resources are not enough to
support the population due
to overconsumption.

People need to reduce daily
consumption and use
resources more
efficiently.

Building a Less
Wasteful
Economy

Chandran
Nair

Global
Institute
of
Tomorrow

Western lifestyles waste the
world’s resources.

We should build a new
economic system to cope
with the threats of
overpopulation.

The Violent Side
Effect of High
Fertility Rates

Jack
Goldstone

George
Mason
University

Overpopulation should largely
be viewed as a regional
issue, with regions with
high birth rates susceptible
to violence.

Governments must invest in
human capital and
development to mitigate
the harms of
overpopulation.

Technology and
Population

Brad
Allenby

Arizona
State
University

We do not know what level of
population Earth can
sustain as technological
advancements constantly
increase Earth's carrying
capacity.

Future technologies may be
a way of addressing the
threats of overpopulation.

Empower Women
for the Health
of the Planet

Carmen
Barroso

International
Planned
Parent-
hood

Globally, women may not be
able to control their
reproductive health,
increasing birth rates.

Providing women with
family planning services,
education, and
contraception can
reduce the threats of
overpopulation.

More Efficient
Food
Production

Jason Clay World
Wildlife
Fund

Overpopulation increases food
consumption.

Producers and the food
industry need to produce
food in a
more sustainable and
responsible way.
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qualified with pluses and minuses (e.g., A+/A-). Although the exact interpretation of letter
grades varies across institutions, grades of C- or below are usually considered to demonstrate
minimal achievement or failing, at least at the undergraduate level.

Coding Students’ justifications for self-evaluation were coded using a four-step process.
Based on the literature, we initially considered students’ justifications for evaluations of
response quality to be based on aspects of text, task, or individual characteristics. However,
students seemed to consider a much broader span of features when evaluating their written
responses than was reflected in these general categories. To capture this variability in students’
responses a bottom-up coding scheme was adopted. In the first phase of coding, two
researchers independently read through all of the justifications that students offered for self-
evaluations of performance. In this phase, researchers independently segment participants’
responses into idea units, typically corresponding to a single phrase containing a verb or a
single justification for response quality, and identified an initial set of justification categories,
based on the specific terms that students used to justify their evaluations of response quality.
Within this phase, researchers also completed an initial independent coding of participants’
justifications, by idea unit. In Phase 2, researchers compared the categories that they had
independently derived as well as their initial coding of students’ responses to ensure a
sufficient degree of inter-rater agreement. Based on discussions in Phase 2, researchers
reconciled the coding categories they derived and independently re-coded data as needed. In
Phase 3, researchers compared their coding of students’ responses and discussed any disagree-
ments based on a common set of coding categories. Moreover, researchers looked at their
coding scheme to determine which categories potentially needed to be combined, collapsed, or
removed from analysis. Finally, in Phase 4, researchers reviewed responses one last time and
ensured that these were consistently coded according to updated category definitions. The first
and second author scored all students’ justifications. Cohen’s kappa inter-rater reliability was
.74 for 561 justifications coded (exact agreement: 86.81%).

A final set of 12 coding categories, reflecting the variety of criteria that students used to
self-evaluate their written responses, were identified. Three coding categories reflected stu-
dents’ self-evaluations of task performance based on composition-related factors. These were
self-evaluations based on (1) writing mechanics (e.g., writing format, length, grammar), (2)
writing structure (e.g., including an introduction or conclusion), and (3) the degree of
elaboration included in students’ writing responses. Four coding categories reflected students’
self-evaluations considering the degree of source use evidenced in their responses. The (4)
superficial source use category included justifications based on students’ reports of drawing on
texts at a fairly low-level (e.g., simply mentioning the number of texts used), while the (5) deep
source use category reflect students’ reports of integrating, evaluating, or otherwise deeply
engaging with texts. The (6) evidence use category reflected students’ reports of using data or
factual information in response composition as a justification for writing performance (e.g., I
think that I explained my argument in a factual manner). Some students further justified
response quality based on their provision of (7) citations.

One coding category reflected students’ self-evaluations rendered based on (8) contextual
factors, related to their completing the task within a laboratory setting (e.g., perceived time
limit, needs for more information). Further, students’ justifications of response quality based
on personal characteristics (e.g., prior knowledge or personal opinion) were coded as (9)
personal attributes. We also coded self-evaluation criteria as (10) general statement when
students gave themselves an overall positive or negative evaluation of response quality,
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without further specific criteria provided (e.g., I think I did an above average job). Moreover,
we coded self-evaluation criteria as (11) task positive when students reported that they
completed the task in a way that satisfied task demands (e.g., I feel I answered the question
completely, addressing all parts of the question). Any responses not able to be otherwise coded
were placed into the (12) “other” category. Responses in the “other” category presented unique
justifications, not reported by other students, that were often unclear or irrelevant to the task.
Table 3 offers descriptive inforomation and a sample response for each coding category.

Results

Research question 1: Students’ self-evaluations of response quality

Our first research question examined the criteria that students cited in self-evaluating response
quality. Across the two conditions, students rated their responses by selecting a letter grade
from A to F, including plus and minus grades. Overall, the majority of students rated their
writing quality as a B (27.27%, n = 39) or a B+ (30.07%, n = 43). Only four students (2.80%)
rated their writing quality as reflecting an A. A histogram of students’ self-assigned grades is
presented in Fig. 1.

In justifying their written response quality, students offered a total of 561 justifications, with
an average of 3.92 (SD = 2.39) justifications provided per student. Overall, students most
frequently reported superficial source use, contextual factors, writing mechanics and personal
attributes as factors they considered in evaluating the quality of their written responses.
Specifically, 41.26% (n = 59) of students cited source use that was superficial in nature as
one of their evaluative criteria. This included students evaluating their responses based on the
number of sources they used, their use of direct quotations, or other superficial indicators.

Table 3 Sample self-evaluation justifications

Category Example N(%)

Writing “…I may have made a few grammatical errors…” 45 (31.47%)
Structure “... having an introduction, thesis, body(s), and conlsusion...” 26 (18.18%)
Superficial source use “...I also used three sources that I felt were relevant...” 59 (41.26%)
Deep level source use “…relate the articles to each other…” 34 (23.78%)
Task context “…I knew I didn’t have enough time to look through

all the resources…”
56 (39.16%)

Personal attributes “I’m not a writer, and I don’t write a lot in my free
time or in class…”

39 (27.27%)

Elaboration “I believe I was thorough in my explanation…” 28 (19.58%)
Task positive “…I followed directions…” 19 (13.29%)
Citation “...I was able to cite the examples back to the articles...” 20 (13.99%)
aGeneral statement “I think that I did a good job showing issues and how

to overcome those issues…”
30 (20.98%)

Evidence “...I feel that I used good data to back up the points I made in the response...” 18 (12.59%)
bOther “…I want to do more research but unfortunately I never find the time...” 20 (13.99%)

The a General category reflected students’ global judgment of task performance, without any further elaboration.
The b Other category reflected students elaborating their criteria for self-evaluation; however, these criteria were
unique and often irrelevant to the task and did not share semantic or conceptual overlap with the self-evaluation
criteria identified by other students
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Further, 39.16% (n = 56) of students frequently cited context-related factors as one of the
evaluative criteria they used. This category included students’ consideration of factors in the
task context that might have affected their performance (e.g., perceived time limits, limited
library texts). Context-based self-evaluations of performance included statements like: I feel like
the source is not enough for me.Moreover, 31.47% (n = 45) of students evaluated their written
products based on considerations of writing mechanics. These were students’ response evalu-
ations rendered based on their use of accurate spelling or grammar or according to response
length. For instance, one student justified the grade that they assigned to their written response as: I
rated this a B because my grammar was off. Notably, 23.78% (n = 34) of students’ self-evaluation
justifications were characterized as reflecting a concern for deep-level source use. These were
justifications for self-assigned letter grades based on students having processed texts deeply or
integrated information across texts. For example, one student’s self-evaluation justification placed
into the deep-level source use category was: I did an ample job of connecting the different sources
into one argument. All justification categories and sample responses are summarized in Table 3.

Research question 2: Writing quality, calibration, confidence bias, and self-evaluation
criteria by task

The second research question first examined the extent to which students’ writing quality,
calibration, and confidence bias differed by task condition (i.e., writing an argument or a
research report). We performed three independent sample t-tests to examine the differences
between the two task conditions in overall writing performance, calibration accuracy, and
confidence bias. Results showed that students’ writing quality [t(139) = −2.29, p < .05] and
confidence bias [t(137) = 2.18, p < .05] significantly differed by task. In particular, students
who were asked to write a research report received higher objective scores (M = 3.36, SD =
0.66) than students who were asked to write an argument (M = 3.06, SD = 0.84) based on
multiple texts, Cohen’s d = 0.40. Moreover, students were under-confident in their writing
performance when responding to the research report task (M = −0.21, SD = 1.02) as compared
to students who were overconfident about their performance when asked to write an argument
(M = 0.26, SD = 1.47), Cohen’s d = −0.37. Students’ calibration accuracy was not significantly
different across task conditions (p = .09). The results of these t-tests are presented in Table 4.

0.71%
2.13%

5.67% 6.38%

11.35%

27.66%

30.50%

12.77%

2.84%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

F D D+ C- C C+ B- B B+ A- A

Student Self-Assigned Letter Grade

Fig. 1 Student self-assigned letter grade
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We also examined the extent to which the self-evaluation criteria that students cited differed
by task condition. Since relatively few students reported multiple justifications within each
category, justification categories were dichotomized in analyses. An independent sample t-test
determined that students’ self-assigned letter grades did not differ across task conditions (p =
0.47). Further, a chi-squared test of association was used to examine whether citing any of the
12 criteria in justifying response quality was associated with task condition. However, no
significant associations were found (ps > .17). Nevertheless, the prevalence of various justifi-
cation criteria reported across task conditions are summarized in Table 5.

Research question 3: Self-evaluations of writing quality, objective writing quality,
calibration, and confidence bias

For the third research question, we were interested in examining the association between
students’ self-evaluations of response quality (i.e., self-assigned letter grades) and their objective
performance on the multiple text task. Students’ self-assigned letter grades were quantified (e.g.,
A = 11, and F = 1). Both quantified letter grades and the holistic scores assigned to students’
written responses were standardized prior to analysis. Three sets of analyses were performed.
First, we examined the association between students’ objective response quality and subjective
letter grades. Additionally, we examined the association between students’ objective perfor-
mance and their calibration, computed as the absolute difference between objective and
subjective task performance. Finally, we looked at the association between objective response

Table 4 Difference in writing quality and confidence bias by task condition

Argument Research report t p Cohen’s d

M SD M SD

Writing quality 3.06 0.84 3.36 0.66 −2.29 .02 0.40
Confidence bias 0.26 1.47 −0.21 1.02 2.18 .03 −0.37

No significant difference in calibration across conditions were identified

Table 5 Prevalence of justifications across the two task conditions

Argument Research report

Justifications n % n %

Writing 19 26.4% 26 36.6%
10 13.9% 16 22.5%

Superficial source use 33 45.8% 26 36.6%
Deep source use 16 22.2% 18 25.4%
Context 26 36.1% 30 42.3%
Person 16 22.2% 23 32.4%
Elaboration 13 18.1% 15 21.1%
Task 9 12.5% 10 14.1%
Citation 11 15.3% 9 12.7%
General statement 12 16.7% 18 25.4%
Evidence 7 9.7% 11 15.5%
Other 8 11.1% 12 16.9%

A chi-squared test of association found no significant differences across task conditions in the justification criteria cited
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quality and students’ confidence bias, corresponding to the difference between students’ self-
assigned letter grades and objective task performance. See Table 6 for definitions of objective
performance, subjective performance, calibration, and confidence bias.

In this study we considered it important to distinguish calibration, or absolute accuracy,
from confidence bias. While calibration refers to the absolute difference between students’ self-
assigned grades (i.e., subjective) and actual (i.e., objective) performance, confidence bias
reflects the extent to which students are over- or under-confident in the written responses that
they compose (Schraw and Nietfeld 1998; Yates 1990). Examining confidence bias, in
addition to calibration, was considered key as students’ relative over- or under-confidence in
task performance was expected to spur or inhibit strategy use aimed at improving response
quality (Griffin et al. 2013; Ramdass and Zimmerman 2008; Winne and Jamieson-Noel 2002).
For instance, students who were under-confident in their written responses may have worked
to improve these (e.g., including additional evidence or elaboration), while students who were
overconfident may have devoted less time and effort to task completion.

We first examined the correlation between students’ quantified letter grades and holistic
scores, corresponding to objective response quality. However, these were only marginally
associated with one another [r(1) = .16, p = .06].

Calibration We also examined the association between students’ objective performance and
calibration (i.e., absolute accuracy). We found these to be negatively correlated [r(1) = −.37,
p < .01]. This negative association can be interpreted as students with increased objective
performance being more accurate in their subjective self-evaluations, corresponding to lower
calibration scores. See Table 7 for correlations among key variables.

We were further interested in examining the extent to which the calibration of high-
performing students differed from that of low-performing students. To examine differences
in calibration at different levels of achievement, students were split into two groups based on
median objective performance (i.e., resulting in the creation of a high-performing and low-
performing student sample). We separately examined the association between objective task
performance and calibration accuracy for low-performing and high-performing students.
While no significant association between objective performance and calibration accuracy
was found for high-performing students (p = .94), a significant negative association was found
between objective performance and calibration for the low-performing students, [r(1) = −.68,
p < .001]. Moreover, as may be expected, a Fisher’s z-test found the correlation coefficients
between objective performance and calibration accuracy to be significantly different for low-

Table 6 Definitions of key variables

Variable Definition

Subjective performance
scores

Quantified students’ self-assigned letter grades (e.g., A = 11, and F = 1).

Objective performance
scores

Actual scores students earned on their written responses. Responses were rated based
on an analytic scoring rubric (see Table 2).

Calibration or absolute
accuracy

Absolute value of the difference between subjective performance scores and objective
performance scores.

Confidence bias Subjective performance scores (quantified self-assigned letter grades) minus objective
performance scores.

Quantified self-assigned letter grades and objective scores were both standardized prior to analysis
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performing students vis-à-vis high-performing students (Fisher’s z = 4.84, p < .001). A scatter
plot of these associations is presented in Fig. 2.

Confidence bias We were further interested in examining the association between students’
objective performance and confidence bias (i.e., the difference between students’ self-assigned
letter grades and objective scores). Again, a significant negative correlation was found [r(1) =
−.65, p < .01]. This shows that students who were under-confident, reflected in negative
confidence bias scores, tended to have better responses.

Again, we compared the relation between objective performance and confidence bias for
low-performing vis-à-vis high-performing students, as determined via a median split. For high-
performing students, there was no significant association between objective performance and
confidence bias (p = .67); however, there was a significant negative association between
objective performance and confidence bias for low-performing students [r(1) = −.66,
p < .01]. A Fisher’s z-test found the correlation coefficients for these two performance groups
to be significantly different from one another (Fisher’s z = 4.28, p < .001). A scatter plot for the
correlation between objective performance and confidence bias for these two groups is
presented in Fig. 3.

Table 7 Correlations among key variables

1. Objective scores 2. Calibration accuracy 3. Confidence bias

1.Objective scores –
2.Calibration accuracy −.37** –
3.Confidence bias −.65** .07 –
4. Number of justifications .27** −.18* −.15

Note. * p < .05, ** p < .01.

Note. Quantified self-assigned grades and objective scores were both standardized prior to analyses.
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Fig. 2 Correlations between objective scores and calibration by performance group
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Research question 4: Self-evaluation criteria and writing quality

Our fourth research question used a series of threemultiple regressionmodels to examine the extent
to which the criteria that students cited in justifying response quality predicted actual performance,
calibration, and confidence bias. For each regression model, prior knowledge and task condition
(i.e., writing an argument or a research report) were controlled for in Step 1. In Step 2, a sub-set of
the criteria that students could have cited in justifying response quality were entered as predictors.
Specifically, five criteria (i.e., structure, superficial source use, deep-level source use, citation use,

Note. Quantified self-assigned grades and objective scores were both standardized prior to analyses.
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Fig. 3 Correlations between objective scores and confidence bias by performance group

Table 8 Objective performance, calibration, confidence bias by five justification criteria

Objective scores Calibration scores Confidence bias

Yes No Yes No Yes No
Criteria M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Structure 3.46 (0.69) 3.15 (0.78) 0.67 (0.60) 0.98 (0.94) −0.11 (0.90) 0.07 (1.36)
Superficial source use 3.29 (0.66) 3.15 (0.84) 0.87 (0.88) 0.96 (0.91) 0.05 (1.25) 0.02 (1.33)
Deep-level source use 3.46 (0.57) 3.13 (0.81) 0.74 (0.74) 0.98 (0.94) −0.11 (1.05) 0.08 (1.36)
Citation 3.40 (0.50) 3.17 (0.80) 0.58 (0.39) 0.98 (0.95) 0.15 (0.69) 0.01 (1.36)
Evidence 3.21 (0.53) 3.21 (0.80) 0.97 (0.93) 0.59 (0.51) 0.41 (0.68) −0.02 (1.35)

Three sets of twelve t-tests were run to examine the extent to which objective scores, calibration, and confidence
bias respectively differed by self-evaluation criteria. None of comparisons were significant, p > .03 (objective
scores), p > .07 (calibration), p > .20 (confidence bias), αswere adjusted
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and evidence evaluation) were used as predictors in the model. These justification criteria were
selected for inclusion because they reflected students’ understanding of the need to use text-based
evidence in composing a quality written response. Moreover, these justification criteria aligned
with the scoring rubric used in this study, and more broadly, with the criteria commonly used to
evaluate students’ written responses in prior work (Anmarkrud et al. 2014; Reznitskaya et al.
2009). Table 8 compares students’ objective performance, calibration, and confidence bias accord-
ing to whether or not they cited particular criteria in justifying response quality.

Holistic score A hierarchical multiple regression model was run to predict students’ actual
writing performance based on the criteria they cited to justify response quality. Prior knowl-
edge and task condition were entered as control variables in Step 1. Students’ citation of five
justification criteria (i.e., structure, superficial source use, deep-level source use, citation use,
and evidence evaluation) were entered in Step 2. The overall model was significant, F(7,
133) = 3.32, p < .05, R2

adj = .10. Nonetheless, none of the criteria for self-evaluation were
individually significant in the model, ps > .08. A model summary is presented in Table 9.

Calibration A second hierarchical multiple regression model was run to examine students’
calibration accuracy based on the five criteria they cited to justify response quality. Prior
knowledge and task condition were entered at Step 1 as control variables, while five variables,
corresponding to justifications of response quality based on response structure, superficial
source use, deep-level source use, citation, and evidence evaluation, were entered at Step 2.
The overall model was not significant, p = .09.

Confidence bias A final multiple regressionmodel was run predicting students’ confidence bias
based on the criteria they cited when self-evaluating response quality. Prior knowledge and task
condition were entered at Step 1 as control variables, while the five target criteria used to justify
response quality were entered at Step 2. The overall model was significant, F(7,131) = 2.83,
p < .05, R2

adj = .09. However, none of the five criteria cited for self-evaluation were uniquely
significant predictors in the model, ps > .23. A model summary is presented in Table 10.

Follow-up analyses The focal analyses conducted for Research Question 4 used theory-based
reasons to select justification criteria to use as predictor variables. However, we also wanted to
examine models predicting performance, calibration, and confidence bias using a more data-
driven approach. Therefore, we ran a series of complementary hierarchical multiple regression

Table 9 Hierarchical regression model summary predicting objective performance

Step and predictor variable B SE B β p

Step 1:
Task condition .36 .16 .18 .03
Prior knowledge .14 .05 .22 .01

Step 2:
Structure .28 .21 .11 .19
Superficial source use .22 .17 .11 .18
Deep-level source use .34 .19 .14 .08
Citation .29 .24 .10 .23
Evidence -.04 .26 -.01 .87

Note. F(7,133) = 3.32, R2 = .15, adjusted R2 = .10, p < .01.
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models predicting each target outcome variable using the four justification criteria that students
most frequently cited (i.e., superficial source use, context, writing, and personal attributes).
Each of these justification criteria were reported by more than 25% of the sample. Moreover,
these four most popular criteria reflected the context- and person-related factors that Dinsmore
and Parkinson (2013) suggest are important to the calibration of reading comprehension.

We were interested in examining how these factors affected students’ objective perfor-
mance, calibration, and confidence bias. Prior knowledge and task condition were again
controlled for at Step 1, while the four most commonly cited justification criteria were entered
at Step 2. The model predicting actual response quality was significant, F(6, 134) = 3.19,
p < .05, R2

adj = .09. However, superficial source use was the only uniquely significant predictor
in the model, β = .17, p < .01. See Table 11 for a model summary.

Themodel predicting calibration accuracy based on prior knowledge and task assignment (Step
1) and the four criteria that students most commonly cited in justifying response quality (Step 2)
was not significant (p = .41). However, the model predicting confidence bias was significant,
F(6,132) = 3.32, p < .05, R2

adj = .09. However, none of the predictors reflecting criteria for self-
evaluation were uniquely significant in the model. See Table 12 for a model summary.

Discussion

This study had three primary goals. First, we were interested in examining students’ calibration
and confidence bias when completing a complex task (i.e., composing a written response
based on multiple texts). Second, we were interested in examining the criteria that students

Table 10 Hierarchical regression model summary predicting confidence bias

Step and predictor variable B SE B β p

Step 1:
Task condition −.49 .21 −.19 .02
Prior knowledge −.24 .07 −.29 .00

Step 2:
Structure .01 .28 .00 .98
Superficial source use −.05 .22 −.02 .80
Deep−level source use −.08 .25 −.03 .74
Citation .01 .32 .04 .97
Evidence .41 .34 .11 .23

Note. F(7,131) = 2.83, R2 = .13, adjusted R2 = .09, p < .01.

Table 11 Follow−up hierarchical regression model summary predicting objective performance

Step and predictor variable B SE B β p

Step 1:
Task condition .39 .16 .20 .02
Prior knowledge .16 .05 .24 .00

Step 2:
Superficial source use .35 .17 .17 .05
Context .21 .17 .10 .23
Writing .17 .18 .08 .35
Personal attributes −.22 .19 −.10 .25

Note. F(6,134) = 3.19, R2 = .13, adjusted R2 = .09, p < .01.
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used to justify their self-evaluations of written responses composed based on multiple texts.
Finally, we investigated the role of justification criteria in students’ objective response quality,
calibration, and confidence bias.

This paper contributes to the literature on multiple texts use and calibration in at least four
ways. First, it is one of the few studies to examine calibration and confidence bias within a
multiple-text context where students are asked to produce written responses. While calibration
has been considered to be a strong indicator of task performance, the prior literature on
calibration has been limited by an over-focus on students’ completion of fairly low-level, rather
than high-level, academic tasks (e.g., multiple-choice questions, discrete short answer ques-
tions; Dinsmore and Parkinson 2013; Griffin et al. 2009; Nietfeld et al. 2006a). The present
study builds on this prior work by examining students’ calibration within the context of a
common, high-level academic task (i.e., composing a written response based on multiple texts).

Second, this study examines not only students’ calibration (i.e., absolute accuracy) but also
their confidence bias when self-evaluating task performance. Moreover, it considers the
multitude of criteria that students cite in justifying their self-evaluations of response quality.
This is consistent with prior work which has found students to report idiosyncratic task criteria
when judging their performance on complex tasks (List and Alexander 2015; Pieschl 2009;
Winne and Hadwin 1998). Indeed, in this study, a variety of criteria, cited as justifications for
subjective judgments of response quality, were found to be associated with both objective task
performance and with students’ confidence bias. This included justifications based on students’
perceived depth of source use, citation use, evidence evaluation, and response structure.

In examining students’ reported justification criteria, this study sought to explain the
discrepancy between students’ objective task performance and subjective judgments of cali-
bration and confidence bias. Echoing prior work (Dunlosky and Rawson 2012; Schraw et al.
1995), we demonstrate that students are often inaccurate in self-evaluating their task perfor-
mance and that this inaccuracy should be conceptualized not in the absolute, but rather as a
relative confidence bias. In particular, students’ relative over-confidence in the quality of their
written responses seems to be associated with a greater inaccuracy in their predictions of
performance and with lower objective performance, overall. In this paper, we suggest a reason
for why such over-confidence may arise. Specifically, it may be due to students’ inaccurate
selection of criteria to use in justifying response quality. For instance, if students consider a
quality response to include accurate spelling and grammar, they may judge their answers quite
favorably, even when these fail to include evidence or sufficient elaboration. Such an inter-
pretation is further supported by students placed into the high performing category, according

Table 12 Follow−up hierarchical regression summary for confidence bias

Step and predictor variable B SE B β p

Step 1:
Task condition −.45 .21 −.18 .04
Prior knowledge −.24 .07 −.29 .00

Step 2:
Superficial source use −.14 .22 −.06 .52
Context −.28 .22 −.11 .22
Writing −.17 .23 −.06 .48
Personal attributes .05 .25 .02 .84

Note. F(6,132) = 3.32, R2 = .13, adjusted R2 = .09, p < .01.

Y. Wang, A. List154



to a median split, being disproportionately more likely to cite deep-level source use as a criteria
in justifying response quality, χ2(1) = 4.84, p < .05, Cramer’s V = .18. See Table 13.

Finally, our findings reveal the discrepancy between high-performing students and
low-performing students in calibration and confidence bias. This corresponds to the
existing literature (e.g., Hacker et al. 2000; Snyder et al. 2011; Zabrucky et al. 2009).
In our study, we specify that it was low performing students that accounted for the
negative associations among objective performance, calibration, and confidence bias.

Research question 1: Students’ self-evaluations of response quality

For our first research question, we asked students to self-evaluate their written responses,
composed based on multiple-texts, by assigning themselves a letter grade and justifying their
letter-grade assignment. Overall, students tended to rate their performance at a moderately high
level. This is consistent with prior work which has found students to have generally high levels
of confidence in their performance (e.g., Allwood et al. 2006; Dunning et al. 2003; Graham
et al. 2005; Koriat 1993; Stone and Opel 2000).

Moreover, students cited a variety of criteria in justifying their self-evaluations of response
quality. This suggests that students have a broad span of criteria that they may use in self-
evaluating complex task performance. Indeed, the range of criteria that students cited as
justifications for self-evaluation in this study reflected the task-, text-, and personally-related
criteria previously identified in the literature as contributing to calibration (Dinsmore and
Parkinson 2013; Lin and Zabrucky 1998). For instance, justifications based on students’
perceptions that they satisfied task demands mapped onto Dinsmore and Parkinson’s descrip-
tion of task characteristics as contributing to calibration accuracy. Moreover, the personal
attributes category, including justifications based on students’ skills as writers or prior knowl-
edge, mapped onto Dinsmore and Parkinson’s description of personal characteristics contrib-
uting to calibration (2013). However, in comparison to the variety of categories that we
identified from students’ justifications overall, on average, each student only considered a
limited number of criteria (M = 3.92, SD = 2.39). This may indicate that students’ deficits in
calibrating their performance on a complex task, such as writing based on multiple texts, may
stem from their consideration of a limited number of criteria, or incorrect criteria, when judging

Table 13 Justification criteria by high- and low-performing students

Criteria Low-performing students High-performing students

n % n % χ2(1) p

Writing 20 44 25 56 1.40 .24
Structure 9 35 17 65 3.74 .05
Superficial source use 29 50 30 50 0.27 .60
Deep level source use 12 35 22 65 4.84 .03
Task context 28 50 28 50 0.11 .74
Personal attributes 20 51 19 49 0.01 .95
Elaboration 17 61 11 39 1.12 .29
Task satisfaction 9 47 10 53 0.17 .68
Citation 8 40 12 60 1.29 .26
General statements 12 40 18 60 2.10 .15
Evidence use 10 56 8 44 0.12 .73
Other 7 35 13 65 2.61 .11
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performance. At the same time, the number of justifications that students produced in this study
dwarfs results fromDinsmore and Parkinson (2013) who found students to commonly consider
only a single factor when justifying their self-evaluations of performance.

At the same time, many of the criteria that students cited in justifying response quality were
of a superficial nature, reflecting a concern with response length or spelling accuracy, to the
exclusion of evaluating responses based on their quality of argumentation and evidence
provision. Indeed, even within self-evaluations that attended to the same criteria (i.e., text
use) students were found to consider these criteria along a spectrum of sophistication. For
instance, justifications placed into both the superficial source use and the deep-level source use
categories reflected students’ concerns with their use of information from the texts provided in
composing their written responses. However, while students placed into the superficial source
use category only described using several texts or summarizing information from texts,
students’ justifications in the deep-level source use category included reports of multiple text
evaluation, comparison, and integration. While superficial and deep-level source use may
seem to represent polar ends of a common scale, in students’ reports they reflected distinct
categories of evaluation that sometimes were simultaneously used. For example, one student
justified their self-evaluation like: I took extensive notes…and I put them in conversation with
each other, instead of simply summarizing everything that I read. In this student’s response,
they first justified their self-evaluation as dependent on their taking of “extensive notes”
(superficial source use, reflecting information accumulation), then this student also justified
their self-evaluation based on their deep-level source use (I put them in conversation with each
other) during task completion. Thus, students may consider both superficial and deep-level
source use for justifying their self-evaluations. Nevertheless, this difference in source use
sophistication reflects the need to articulate for students not only the criteria to attend to in
determining response quality (e.g., using texts) but also how these criteria should be
interpreted (e.g., integrating or evaluating texts). The need to prompt students to engage in
deep-level source use is further emphasized by 41.26% of students citing reasons related to
superficial source use in justifying response quality, as compared to only 23.78% of students
reporting reasons related to deep-level source use.

An interesting category to arise among justifications for response quality reflected students’
contextual concerns. Justifications in this category included students’ reports that their task
performance was impacted by perceived time limits, the limited information that they had
access to, and their completion of the task in a lab setting. Indeed, all of these factors likely
contributed to students’ task completion, in ways that may be consistent with other studies of
multiple text use completed in laboratory settings. At the same time, more work is needed to
systematically examine the contribution of each of these factors to response quality. Notably, all
four of the contextual factors identified in the RESOLVmodel (Rouet et al. 2017) were cited by
participants in our study, to varying extents. For instance, one student attributed their self-
evaluation of performance to perceived time and information-related limitations: “I could have
spent more time, but I felt like I needed more sources to get the bigger picture of the issue.” This
student’s response reflects his or her identification of obstacles in the task context as potentially
hindering task performance. As suggested by this response, the RESOLVmodel can be used not
only to understand the context of students’ multiple text use but also to examine how students’
perceptions of contextual factors may contribute to self-evaluations of task performance.

Beyond contextual factors, a variety of individual difference factors may play a role in
students’ self-evaluations during task completion. Chief among these are students’ prior domain
or topic knowledge and prior experience completing similar tasks. The need to consider such
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individual difference factors is emphasized by Glenberg and Epstein (1987) who found the
accuracy of self-assessments to differ across students more or less expert in various domains.
More generally, students’ personal experiences with a task have been found to be associated with
judgments of performance (Winne and Perry 2000), such that students with previous task
experience are more likely to perform better and to have more accurate self-evaluations. Domain
or topic knowledge may likewise be expected to contribute to students better understanding of
what a particular task may require, and therefore to better performance and calibration. At the
same time, we expected students in this study, although limited in prior knowledge, to have quite
a bit of task experience, as both argument assignments and research reports constitute common
academic tasks. Task experience, in this case, did not seem to have a clear role in improving
calibration accuracy. In part this may reflect students’ difficulties transferring performance from
classroom to lab settings. Alternately, students may need explicit cuing to activate their relevant
prior task experience when self-evaluating response quality (Winne 2001).

Research question 2: Self-evaluation criteria by task

Our second research question examined the differences in students’ writing quality, calibration,
confidence bias, and self-evaluation criteria across task conditions (i.e., writing a research
report or an argument). Results showed that students’ writing quality and confidence bias
significantly differed across task conditions, with students demonstrating higher writing
quality and lower confidence bias scores (i.e., under-confidence) when writing a research
report. These results can be explained in a number of ways. First, consistent with prior work on
calibration, finding task performance to be negatively associated with confidence bias (Bol
et al. 2005; Kruger and Dunning 1999), students may have considered the research report to be
more difficult to compose. Their evaluations of this task may have resulted in their being
comparatively under-confident in their report writing and therefore deploying strategies and
investing effort during task completion that ultimately produced improved performance.

More importantly, differences in students’ writing quality and confidence bias can also be
explained by their differential conceptions of argument tasks vis-à-vis research reports. In a
recent study examining students’ conceptions of common academic tasks, students were found
to differentiate between argument and research report tasks (Authors, under review). Students
considered research reports to require the use of external information from texts and to be
associated with gathering information, conducting research, and with the demands of writing.
In contrast, argument tasks were found to be associated with students’ adopting personal
stances toward a topic and forming an opinion. Such different task conceptions may have
resulted in students’ differential conceptions of task complexity. In particular, as the research
report was associated with more extensive multiple text use and writing, which
students may have perceived as more demanding to complete, the research report
may have engendered students’ greater under-confidence. This under-confidence may,
in turn, have contributed to students’ improved writing quality. More generally,
students’ conceptions of research reports as requiring the explicit use of multiple
texts may have explained their inclusion of a greater number of text-based evidence
and citations in their written responses, ultimately demonstrating improved task
performance. Such an explanation is consistent with Pieschl’s (2009) description of
the association between task complexity and judgment accuracy when students are
asked to self-evaluate performance.
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Research question 3: Self-evaluations of writing quality, objective writing quality,
calibration, and confidence bias

The third research question examined the associations among students’ objective task perfor-
mance and subjective self-evaluations, as reflected in both calibration accuracy and confidence
bias. First, we found that students’ actual scores were only marginally associated with their
self-assigned grades. Second, students’ calibration and confidence bias were both negatively
associated with students’ actual performance. In particular, consistent with prior research,
students’ objective performance was associated with higher calibration accuracy (i.e., indicated
by low calibration scores) and negative confidence bias, reflecting under-confidence (e.g., Bol
and Hacker 2001; Labuhn et al. 2010).

The association between poorer subjective judgments of performance and lower objective
performance can be explained in a number of ways. First, students’ deficit in accurately
judging response quality may correspond to a failure to deploy strategies aimed at improving
performance (Butler and Winne 1995). In particular, this may reflect a monitoring failure, or a
deficiency in students’ online awareness of their strategy use during task completion (Schraw
1998; Thiede et al. 2003).

Second, lower levels of objective performance and inaccurate calibration may both be
attributable to deficits in task model construction. Britt and Rouet (2012) define a task model
as students’ cognitive representation of task demands and how these may be satisfied. If
students have poor or incomplete cognitive models of what writing an argument or a research
report entails, they may not only produce low quality written responses but also inaccurately
calibrate their performance. Deficits in task model construction may be particularly likely to
arise when students are presented with a complex task, such as one asking them to compose a
written response based on multiple texts (Pieschl 2009; Stahl et al. 2006). As compared to
selecting the correct answer when responding to a multiple choice item, constructing a task
model for writing an argument or a research report requires students to simultaneously
recognize that they need to write organized and elaborated responses, that present and integrate
evidence, and reflect a unique perspective on the target issue – resulting in a much more
complex task model needing to be formed.

Furthermore, our findings indicate that better writing quality was associated with students’
relative under-confidence. This is consistent with prior research which has likewise found that
under-confident students tend to perform better than over-confident students on a range of
tasks (e.g., Bol et al. 2005). While we may expect high self-efficacy to be positively associated
with task performance (e.g., Bandura 1982; Nietfeld and Schraw 2002; Pintrich and De Groot
1990), this was not the case in the present study. It may be that for some tasks, or for some
students, a comparative under-confidence is associated with better performance by stimulating
strategy use or the further expenditure of time and effort.

To further examine the role of under-confidence in performance, we conducted a median
split to examine the associations between objective performance and calibration accuracy and
confidence bias for high-performing versus low-performing students, as a supplemental
analysis. We found that calibration accuracy and confidence bias were not associated with
objective performance for high-performing students but were strongly and negatively associ-
ated with objective performance for low-performing students. This discrepancy indicates that
low-performing students, in particular, are hindered by their deficits in being able to accurately
evaluate the quality of their written responses. This corresponds to prior research that high-
performers are more able to accurately evaluate their performance as well as to better render
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judgments of calibration as compared to low-performers (e.g., Boud et al. 2013; Chiu and
Klassen 2010; Hacker et al. 2008). This also suggests that lower-performing students may
especially benefit from training and scaffolding in calibration and metacognitive monitoring.

Research question 4: Self-evaluation criteria and writing quality

For the fourth research question, we examined the extent to which the justification criteria that
students cited were associated with objective task performance, calibration, and confidence bias.
Results showed that students’ citations of various justification criteria significantly predicted their
objective task performance and confidence bias. In particular, students’ citations of structure,
superficial source use, deep-level source use, citation use, and evidence evaluation as justification
criteria were found to predict objective task performance. This seems logical as these criteria
corresponded to the rubric that we used to evaluate students’ written responses. Moreover, these
criteria have been found to impact written response quality in prior work (Anmarkrud et al. 2014;
Reznitskaya et al. 2009). These same criteria were also found to predict students’ confidence bias,
in addition to objective task performance. This indicates that students’ attention to the same criteria
that improve task performance also contribute to more accurate judgments of response quality.

Notable is that both objective performance and confidence bias were predicted by students’
consideration of a multitude of criteria in judging response quality. The need to coordinate these
multiple criteria, directed toward task, text, and learner-related factors, is what may make the
calibration of complex task performance particularly difficult for students. Further, these findings
point to the need to systematically examine the multitude of dimensions that students may consider
in forming judgments of task performance (Dinsmore and Parkinson 2013; Lin andZabrucky 1998).

In follow-up analyses we examined the extent to which the four most frequently cited
criteria for judging task performance (i.e., superficial source use, context, writing, and personal
attributes) contributed to students’ objective scores, calibration, and confidence bias. Our
findings showed that these criteria significantly predicted objective scores and confidence
bias. This provides further evidence that students considered both task-related and person-
related characteristics in producing a written product and rendering subjective judgements of
task performance. Notably, superficial source use was the only individually significant pre-
dictor of students’ objective task performance in this more data-driven model. Seemingly, this
finding seems to be a deviation from prior work which has found students’ deep-level source
use, or cross-textual elaboration, to contribute to multiple text response quality, to the
exclusion of surface-level source use, or information accumulation (Bråten and Strømsø
2011). One caveat is nevertheless important in contextualizing this anomalous finding.
Superficial source use was an individually significant predictor only in data-driven models
predicting response quality. These models, in including only frequency-based justification
criteria, did not include deep-level source use as a possible predictor. Therefore, we take these
results to mean that any attendance to source use in self-evaluating response composition is an
effective strategy for students to use, even if considering deep-level source use may ultimately
prove to be more fruitful. Put another way, results from this study may suggest that supporting
students to think about their source use, at all, even in a superficial manner lays the
groundwork for further reflection on the extent to which they evaluated, integrated, or
otherwise deeply engaged with texts during response composition.

As a final point, while various justification criteria were associated with both objective task
performance and with confidence bias, these were not significant in predicting calibration
accuracy. We believe this was because computations of calibration reflect only the absolute
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difference between students’ objective and subjective performance, with no consideration of
whether students are over- or under-estimating response quality. This may serve to attenuate
the variability in calibration scores we are able to model and, in particular, to mask students’
who are over- rather than under-confident in their performance. The analyses in this paper
suggest the importance of examining multiple indicators of calibration, including both absolute
accuracy and confidence bias, in understanding students’ metacognitive evaluations.

Limitations and future directions

Despite the strengths of this study, a number of limitations must be acknowledged. First, our
study only examined students’ postdictions, or self-evaluations of writing following task
completion, rather than examining predictions of response quality. This was done because
the literature on calibration has suggested that students’ postdictions represent more accurate
self-evaluations than their predictions of performance (i.e., the post-diction superiority effect;
Glenberg and Epstein 1985; Lin et al. 2001; Pierce and Smith 2001). Nevertheless, students’
predictions of performance may be important to examine in future work. These may determine
students’ efficacy for task completion as well as their inclination to deploy various strategies to
improve performance. A particularly fruitful investigation may be to compare students’
predictions and postdictions of writing task performance to determine how these may change
in association with task completion.

Second, in this study, we coded the self-evaluation criteria that students cited when
justifying their self-assigned letter grades. However, we did not examine the association
between students’ consideration of various criteria when self-evaluating task performance
and actual behaviors during multiple text task completion. For instance, when students rated
their responses favorably, as reflecting multiple text evaluation or integration, we did not verify
the extent to which students engaged such strategies during task completion. This disconnect
means that even when aware of the criteria that contribute to generating a high quality
response, students may fail to act in accordance with these criteria during multiple text use.
As such, examining students’ justifications for response quality in relation to strategy use
during multiple text use constitutes a promising direction for future work. Nevertheless, we
were encouraged by the association among students’ objective task performance, confidence
bias, and criteria cited when self-evaluating response quality. This also draws our attention to
the association between individual difference factors and students’ justifications for their self-
evaluations of writing quality. For instance, students with high prior knowledge or more
extensive task experience, may have more sophisticated criteria for justifying their evaluations
of writing quality. These criteria may stem from students receiving external feedback on prior
work or from students’ self-reflections on prior task completion (Glenberg et al. 1987).
Moreover, a higher level of self-regulation and metacognition, more generally, may mean that
students are better at self-evaluating response quality (i.e., have a broader set of task criteria to
use or are more accurate in their self-assessments) and at engaging compensatory strategies,
when they find response quality to be wanting. Examining the association between students’
individual difference factors and self-evaluations is another direction for future work.

Further, in this study students were assigned to complete one of two writing tasks (i.e., to
compose an argument or a research report based on multiple texts). Nevertheless, despite this
difference in task assignment, these were scored using the same rubric. While scoring students’
written responses in a similar fashion, across task conditions, is commonly done to allow these to
be compared to one another (Le Bigot and Rouet 2007; Wiley and Voss 1999), some of the
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variability in task assignment may not have been captured by the use of a common rubric. An
additional goal in future work may be to explicitly link students’ task goals, generated prior to
multiple text use, with their self-evaluations of response quality, following task completion. We
believe that such an investigation would contribute greatly to theoretical calls to further examine
the role of self-regulation and metacognition in students’ learning from multiple texts (List and
Alexander 2019; Rouet et al. 2017). This would also constitute a validity check that could be used
as evidence of students’ differential task conceptions and as a basis for associating these with
calibration performance.

At the same time, capturing task goals presents a number of challenges. In prior work (List
et al, under review), we have explicitly asked students to report their perceptions of different task
assignments; however this was done in a rather decontextualized fashion (e.g., with no specific
topic assigned). Another method to consider in future work is specifically asking students to
elaborate on their perceptions of a specific task, prior to processing. However, this may change
the course of students’ multiple text use, by stimulating a greater degree of self-regulation and
metacognition, and may be limited by students’ unwillingness to report all of the factors they
consider in representing a task (e.g., a desire to put in little time or effort).

Moreover, students were not able to revisit library texts once they had proceeded to the
writing task. This constitutes a limitation in study design. In particular, prior work has found
revision to be a key part of the writing process (Spivey and King 1989). Allowing students to
revisit texts, as they were writing, could have contributed to this revision process, improving
students’ writing quality and self-evaluation accuracy (Wallace et al. 2007). Moreover,
enabling students to revisit texts during writing may have given us unique insights into their
metacognitive engagement or strategy use as a direct result of self-evaluation.

Finally, our study was carried out in a lab setting. It is clear from the justification criteria that
students cited, that the study context that they were presented with was in some ways atypical of
how they usually compose written responses based on multiple texts. For instance, the number of
texts that students had access to was limited and students perceived there to be a time limit, even
though there was none. Nevertheless, as reflected in their self-evaluations, even in this lab setting,
students were fairly engaged during task completion and perceived themselves as composing
written responses of a relatively high quality. This points to the need to both examine students’
objective performance, calibration, and confidence bias in naturalistic classroom settings and to
consider how aspects of the lab environment may facilitate or hinder task completion.

Conclusions and implications

Findings from this study indicate that students consider a broad range of criteria when self-
evaluating their written responses composed based on multiple texts. In this study, we
examined students’ objective task performance, calibration, and confidence bias as associated
with one another and with the justification criteria that students reported when self-evaluating
response quality. We found that both more accurate calibration and relative under-confidence
contributed to more effective task performance. Moreover, low-performing students were
particularly found to suffer from an over-confidence bias and less accurate calibration, when
compared to their high-performing peers. In combination, these findings suggest that teachers
should help students to consider a variety of criteria when self-evaluating complex task
performance and should specifically scaffold low-performing students to render more accurate
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judgments of performance, perhaps as a means of improving writing quality. Our study also
suggests that asking students to self-evaluate their responses may be a viable avenue for
getting students to be more metacognitively and situationally conscious of the demands of
complex task completion.
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Appendix 1

Prior Knowledge Measure

The study will ask you to research and write an argument/research report about overpopula-
tion. To start off, please define each term related to overpopulation. If you don’t know the
definition of a term, please write N/A.

1. Population bomb
2. Earth’s carrying capacity
3. Overconsumption
4. Peak population
5. High-yield crops
6. Overpopulation
7. Fertility rate

Note. Responses to the prior knowledge measure were scored as correct or incorrect, with
students’ total prior knowledge scores ranging from zero to seven. Specifically, students
received a point for any response that uniquely (i.e., differentiated from similar terms) and
accurately described a term using non-synonymous language (e.g., defining ‘population bomb’
as ‘a type of bomb’ was scored incorrectly)

Appendix 2

Fig. 4 The digital library of the six texts presented to students
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