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Abstract

Self-assessment is foundational to self-regulated learning and academic achievement. As
such, education systems globally are called to foster student self-assessment; however, research
continues to indicate that educators and students struggle to cultivate student self-assessment. A
core barrier to supporting student self-assessment is that the metacognitive processes that shape
self-assessment—i.e., how students monitor and control their self-assessment processes—are not
yet understood, meaning that supporting students in developing their self-assessment processes is
implausible. This study aimed to investigate the metacognitive processes of students engaged in
self-assessment. We recruited English-speaking university students (N=25) to participate. In a
lab, participants self-assessed and revised their own essays on a computer with access to on-
screen self-assessment resources (e.g., rubric, exemplars). Participants’ thoughts, emotions, and
actions were captured via gaze-cued retrospective think alouds. Using a general inductive
approach, we identified two overarching themes in the think aloud data: metacognitive
experiences and metacognitive skills (Flavell, 1979). Metacognitive experiences, especially
feelings of difficulty, helped participants monitor their self-assessment processes. Metacognitive
skills (e.g., goal setting/reasoning, selecting a strategy) expressed the ways that participants
controlled their self-assessment processes and indicate that students are continuously updating
their goals to direct their self-assessment processes and drawing on metacognitive self-
knowledge. Findings elucidate mechanisms whereby self-assessment may foster metacognition.
By explicitly teaching students the metacognitive processes of self-assessment and supporting
students in making their self-assessment metacognition explicit, educators may use self-

assessment to foster co-regulated learning and develop students’ self-regulated learning.
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Findings advance descriptive aspects of self-assessment theory, providing an initial empirical
understanding of the metacognitive dimension of student self-assessment.
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A core imperative of education systems globally is the development of learners who can
self-assess their own performance and learning (OECD, 2019). Self-assessment is catalytic to
self-regulated learning (i.e., a process whereby students manage their thinking, emotions, and
behaviours in pursuit of goals) as it enables learners to mobilize appropriate prior knowledge,
monitor their performance, and reflect on their learning to inform next steps (Andrade, 2013;
Boekaerts, 1991). Meta-analyses focused on the contexts of both K-12 and higher education have
implicated self-assessment as a driver of self-regulated learning (Panadero et al., 2017),
creativity and creative self-efficacy (Yan, Lee, et al., 2022), and academic achievement (Lee et
al., 2020; Yan, Lao, et al., 2022). Given that self-assessment appears foundational for promoting
educational outcomes of self-regulated learning, creativity, and achievement, it is unsurprising
that researchers and policymakers globally have called on educators to facilitate student self-
assessment in K-12 (e.g., Bourke, 2016; British Columbia Ministry of Education, 2023) and
higher education classrooms (e.g., Malecka et al., 2022; Nicol, 2021) across education contexts.

Despite these calls, researchers across education contexts have repeatedly raised concerns
that student self-assessment is not being effectively fostered in classrooms. Studies have shown
that facilitating self-assessment is underrepresented among teachers’ formative assessment
practices, a finding reported by both teachers and students (Brandmo et al., 2020; Johnson et al.,
2019; Veugen et al., 2021; Volante & Beckett, 2011). This problem may be particularly
persistent in higher education (Panadero, Fraile, et al., 2019). Research has indicated that
university teachers are less likely than secondary or primary teachers to facilitate student self-
assessment due to a lack of formative assessment training and previous experiences with self-
assessment (Panadero et al., 2014). A primary challenge to supporting student self-assessment is

that researchers and educators do not fully understand the cognitive processes that comprise self-
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assessment (Andrade, 2019; Brown & Harris, 2014; Panadero et al., 2016). Without
understanding these processes, students may be unprepared to make decisions to regulate their
self-assessment processes, and teachers may be unable to help students learn how to self-assess.
Research is needed that maps the cognitive processes of self-assessment, illuminating what
students do when they are self-assessing, to actualize the benefits of student self-assessment in
schools.

One particularly productive area would be to examine how students monitor and control
their self-assessment processes in order to make decisions and guide their actions. Researchers
have begun to identify the specific actions that students employ to self-assess (Panadero et al.,
2024; Yan & Brown, 2017); however, students’ awareness of their actions and the decisions that
guide their actions are understudied. These monitoring and controlling functions can be
understood as self-assessment metacognition—i.e., how students think about their thinking
during self-assessment. Understanding the metacognitive processes that underpin self-assessment
can illuminate how metacognition shapes self-assessment processes and ways that students can
enhance their capacity to self-assess and direct their own learning. With the aim of supporting
educator and student practice, the objective of this study was to investigate the metacognitive
processes of students engaged in self-assessment.

Student Self-Assessment: Definitions, Effects, and Two Object Foci

Self-assessment is comprised of various actions whereby learners describe, and possibly
evaluate, the quality of their performance (Panadero et al., 2016). Self-assessment can be
initiated by learners independently, inside or outside of schools, and student self-assessment can
be explicitly facilitated in formal educational contexts in pursuit of educational aims (Panadero

& Alonso-Tapia, 2013). Our study is focused on how self-assessment occurs in or in relation to
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formal educational contexts, whether initiated by students or teachers. When facilitated in
classrooms with the aim of supporting student learning, self-assessment appears to be most
effective when the process also includes the opportunity for students to revise their work or
performance based on their evaluation (Andrade, 2019). Educators can facilitate student self-
assessment by providing students with resources (e.g., rubrics, exemplars) to make success
criteria explicit and clear. A common way educators support self-assessment, providing students
with analytic rubrics, which include qualitative descriptors of performance at various levels
across success criteria, have been shown to enhance student achievement (Panadero et al., 2023)
and are suited to supporting self-assessment of writing (Andrade et al., 2009). Another common
way to support student self-assessment is by providing students with exemplars of performance
(To etal., 2021).

Student self-assessment can be understood as a process comprised of actions that students
employ with the aim of evaluating and revising their performance. We explicitly include
revisions as part of the process following the work of Panadero et al. (2024) who empirically
demonstrated that revising or redoing a task can inform students’ self-assessments—students
may redo a task to (dis)confirm their initial response, or revise a task to improve it and reflect on
the process, leading to an updated self-assessment of their performance. Self-assessment as a
process is therefore not separate from revisions, in our view; it can inform revisions but is also
informed by revisions—a view further supported by Yan (2020b) who found that the selt-
assessment practice of seeking external feedback via monitoring (i.e., referring to indicators of
quality such as rubrics, exemplars, practice assessments) during the performance phase of task
completion was the highest predictor of achievement on the task among all self-assessment

practices. This finding suggests that students may perform better on a task if they seek external
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feedback using resources during the performance phase when they can use the feedback to
inform how they complete and adjust their work. Since we understand learners as agentic (Winne
et al., 2019), students may select and use or discard any number of actions and feedback during
self-assessment; so while learners may make revisions as part of the process, other learners or the
same learner in different instances of self-assessment may choose not to make revisions as part
of the process. During self-assessment, students select and use available internal and external
resources to generate internal feedback (Butler & Winne, 1995; Nicol, 2021; Yan & Brown,
2017). Internal resources include intuition, memory, and emotions, while external resources
include exemplars, rubrics, and teacher or peer feedback, among others.

The actions that comprise self-assessment may be closely related to the subprocesses
which support self-regulated learning. Researchers have theorized that self-assessment is a
fundamental subprocess of self-regulated learning in all three phases of Zimmerman’s
foundational self-regulation model (2013): forethought (e.g., planning, prior knowledge
activation, self-efficacy judgements before a learning task), performance (e.g., self-monitoring
during a learning task), and reflection (e.g., appraisals of performance and strategies after a
learning task; Boekaerts, 1991; Panadero, 2017; Panadero & Alonso-Tapia, 2013). Supporting
this notion, in a meta-analytic review of practices used to support student self-assessment in K-
12 contexts, Brown and Harris (2013) found varying effects of self-assessment on achievement
and concluded that self-assessment practices support learning when they engage students in
subprocesses associated with self-regulated learning. Acting on the forethought phase, self-
assessment may enhance students’ self-efficacy to successfully complete a task or learn
something—a factor which can motivate students to mobilize resources needed to engage in a

task—over time, as indicated by a meta-analysis of self-assessment’s effects on self-regulated
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learning (Panadero et al., 2017), possibly because criteria-referenced self-assessment can help
students increase their understanding of success criteria and recognize their capacity to improve
their performance (Ross, 2006). Alternatively, criteria-referenced self-assessment could refine
the accuracy of students’ self-efficacy via more accurate metacognitive monitoring, supporting
students in mobilizing the right resources (Hartelt & Martens, 2024; Talsma et al., 2019). Acting
on the performance phase, student self-assessment is theorized to facilitate self-monitoring
towards goals, an integral component of self-regulated learning, by helping students interpret and
adjust their behaviour and thinking (e.g., usage of learning strategies) as necessary during
learning to improve their performance (Andrade, 2013). This theorized mechanism is supported
by empirical evidence that students’ use of external indicators of success (e.g., rubrics,
exemplars) to self-assess during the performance phase of task completion was the highest
predictor of achievement on the task (Yan, 2020b). Acting on the reflection phase, self-
assessment has been shown to guide students’ capacity to reflect on their performance and
calibrate their future learning goals accordingly (Yan & Brown, 2017). Taken together, these
findings indicate that student self-assessment actions may mirror the cognitive subprocesses of
self-regulated learning and help students internalize these subprocesses.

Researchers have theorized two levels of self-assessment actions that have different
object foci (Panadero et al., 2016). The first level are actions that have the students’ performance
or work as the object focus. For example, a student may compare their essay to a scoring rubric
to determine their current level of performance and identify ways to improve their work in
relation to specific criteria (Nicol, 2021). This comparison action is focused on the student’s
work. The second level are actions that have the self-assessment processes itself as the object

focus. For example, the student self-assessing their essay may realize that they do not understand
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a criterion in the rubric and are therefore struggling to feel confident in their self-assessment.
They may consider looking for an exemplar essay to elucidate the criterion. This action is
directed at the student’s self-assessment process, rather than the student’s essay. Therefore,
during self-assessment, students can theoretically employ actions to evaluate and revise their
own (a) work and (b) self-assessment process, allowing researchers to categorize self-assessment
actions according to object focus.

Researchers have begun to elucidate the actions that have the student’s work as their
object focus. These actions have emerged primarily from two lines of research. The first was
predicated on a cyclical model of students’ self-assessment practices developed by Yan and
colleagues using interview (Yan & Brown, 2017) and survey methods (Yan, 2020a, 2020b; Yan
et al., 2020). Their model included four self-assessment practices, each of which represent a type
of specific self-assessment action: seeking external feedback through monitoring (e.g.,
completing a practice test, comparing performance to a rubric or exemplar), seeking external
feedback through inquiry (e.g., asking a peer or teacher for feedback or help), seeking internal
feedback (e.g., referring to gut reactions or emotions), and self-reflection (e.g., reflecting on the
product or learning process to inform a judgment about strengths or weaknesses).

The second line of research, developed by Panadero and colleagues, has examined self-
assessment strategies and criteria. This research has been advanced using concurrent think aloud
methods to capture self-assessment actions as secondary school (Panadero et al., 2020) and
university students (Panadero et al., 2022) were engaged in self-assessment. The researchers
developed a coding framework for self-assessment strategies and criteria based on an inductive
analysis of the think aloud data (Panadero et al., 2024). Strategies refer to specific actions that

learners employ during self-assessment which may be subject-specific or general (e.g., read the
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essay, compare the essay to the question, check the mathematics equation). These strategies are
categorized into six overarching processes: read, recall, compare, rate, assess, and redo. Criteria
are categorized as internal (e.g., intuition, hindsight, experience, or self-efficacy) or external
(e.g., from a rubric, from a teacher). This research culminated in the recent publication of a
model of self-feedback articulating the self-assessment process as comprised of three phases.
The first, information processing, involves students compiling information about their work and
success criteria that they can use to self-assess through two primary actions—i.e., read (e.g., their
work, rubrics, feedback) and recall (e.g., their work). In the second phase, analysis, students
make sense of their performance by drawing on internal and external criteria, comparing
performance to indicators of success, or revising or redoing work to (dis)confirm their
performance or try a new approach. Last, students draw on their information processing and
analysis to arrive at a self-assessment judgement (i.e., rating performance; Panadero et al., 2024).
Importantly, the think aloud data revealed that revising or redoing their work was integral to the
self-assessment process as participants used revision and redoing as tools to (dis)confirm their
appraisals of their work or to re-calibrate their goals—in addition to making improvements to
their work. This work indicated that revision is not always merely an end goal of student self-
assessment but also part of the self-feedback process.

Both these lines of research have focused on self-assessment actions that have, as their
focus, the student’s work. However, researchers have yet to examine the actions that have the
self-assessment process as the object focus. This gap in the literature means that how students
monitor and control their self-assessment processes is not yet understood. Since this object focus

involves monitoring and control of cognition, i.e., metacognition, it can be understood as self-
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assessment metacognition. In this study, we therefore used metacognition theory as a lens to
identify how students monitor and control their own self-assessment processes.
Theorizing the Metacognitive Component of Self-Assessment

Metacognition, a dimension of self-regulated learning, is a form of cognition that
involves thinking about information that describes features of cognition (Winne & Azevedo,
2014). In other words, metacognition occurs when a learner thinks about their own thinking
(Winne, 2017). Nelson and Narens (1990) defined metacognition according to three principles.
First, cognitive processes are divided into two interrelated levels: the object-level and the meta-
level. Second, the meta-level contains a dynamic model of the object-level. The meta-level
involves a perception of the object-level. Third, there are two relations between these levels
which are characterized by the direction of the flow of information between the levels.
Monitoring refers to the flow of information from the object-level to the meta-level. The object-
level informs the meta-level and can update the learner’s mental model of the object-level.
Control refers to the opposite flow of information, from the meta-level to the object-level. Here,
the meta-level can support modifications to the object-level whereby the learner may initiate,
continue, or terminate an object-level action. Monitoring elicits information about the object-
level to inform the dynamic model at the meta-level; control involves the learner using that
information to modify the object-level. These definitions imply that students can have an
awareness of their cognition and experiences during learning (Efklides, 2008). Metacognition
plays a fundamental role in all phases of self-regulated learning, enabling students to (a) draw on
relevant knowledge about similar tasks and themselves in the forethought phase; (b) monitor

how their current states relate to desired goals and sustain or adapt their thinking, emotions, or
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behaviour accordingly; and simultaneously (c¢) (re)construct knowledge about the task and
themselves through experience (Greene et al., 2024).

Applying this framework to student self-assessment, actions students apply with their
work as the object focus are aligned with the object-level. These are the actions which have been
profiled in previous research, e.g., read the essay, compare the response to feedback, refer to
intuition (Panadero et al., 2024; Yan & Brown, 2017). The meta-level, in contrast, reflects
students’ thinking about their self-assessment actions, centered on their perceptions (i.e.,
dynamic model) of their self-assessment processes. Students can monitor their self-assessment
actions (i.e., object-level) to elicit information about their nature and effectiveness. Processing
this information to update their dynamic model (i.e., meta-level), students can modify their self-
assessment actions and exert control over the self-assessment process (see Figure 1). Note that
self-assessment metacognition could be conceptualized as meta-metacognition in a nested model,
with students’ work as the object level and monitoring and self-evaluations as the meta-level
which initiates a third cycle (i.e., meta-meta-level) of cognitions about the self-assessment
process. However, to align with our view of the relationship between self-assessment and self-
regulated learning in our literature review—where self-assessment is integrated with monitoring
and evaluations made based on monitoring—we see monitoring and evaluations of students’
work as the object-level, and not a separate meta-level, while monitoring and evaluation of the
self-assessment process itself comprises the meta-level. What distinguishes the level of
monitoring and evaluations is whether they are focused on their work or their self-assessment
process. Moreover, rather than understanding how self-assessment fits into cognition, our aim is

to conceptualize the metacognitive dimension of the self-assessment process; as such, we
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consider actions with the self-assessment process as the object of focus as pertaining to the meta-
level.
Figure 1

Theorizing the Metacognitive Dimension of Student Self-Assessment

Meta-level:
actions focused on the
self-assessment process

Control

Object-level:
actions focused on
student's work

Note. Adapted from Nelson and Narens (1990).

The existence of self-assessment actions focused on the self-assessment process have
been theorized (Nicol, 2021; Panadero, Lipnevich, et al., 2019). Panadero et al. (2019) called for
educators to help students reflect on their self-assessment processes, making these implicit
processes explicit, so that they can support students in developing their self-assessment processes
and model effective self-assessment processes. However, researchers have not yet elicited
empirical evidence of thinking that occurs at the meta-level during self-assessment, nor have
they used metacognition theory to identify and understand these processes. The focus of this
study, therefore, was on eliciting evidence of self-assessment metacognition to generate insights

into the actions whereby students monitor and control their cognition during self-assessment.
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Metacognition theory provides an architecture for understanding how students may
monitor and control their self-assessment processes. Metacognition can occur at any stage of a
cognitive event: before (e.g., a learner preparing for a challenging learning task), during (e.g., a
learner monitoring their performance and considering strategies to enhance it), or after (e.g., a
learner reflecting on how effective their cognitive strategies were; Winne & Azevedo, 2014).
Flavell (1979) envisioned a fundamental framework for metacognition which has underpinned
developments in metacognition and its role in self-regulated learning. This framework
characterizes three facets of metacognition. First, metacognitive knowledge refers to declarative
knowledge, stored in memory, of cognitive processes, as well as information about the self,
others, tasks, strategies, and goals. Metacognitive knowledge includes task-, strategy-, and goal-
specific knowledge. Second, metacognitive experiences are metacognitive feelings, judgements,
and online task-specific knowledge that a learner is aware of during a task as they process
information related to it. This facet is both cognitive and affective in nature. Metacognitive
feelings include feelings of knowing, familiarity, confidence, fluency, and difficulty.
Metacognitive judgements include judgements of learning, estimates of effort, and estimates of
time required. Online task-specific knowledge refers to task-specific knowledge learners are
attending to at any time during a task and metacognitive knowledge retrieved from memory to
help with processing information related to a task. Third, metacognitive skills encompass
deliberate use of strategies to control cognition. Metacognitive skills (i.e., strategy use) are
driven by metacognitive knowledge and metacognitive experiences (Efklides, 2008).

Together, these facets provide a framework for studying how students engage monitoring
and control of their self-assessment processes. In the context of self-assessment, metacognitive

knowledge includes knowledge about self-assessment; metacognitive experiences are the
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feelings, judgements, and knowledge that students are aware of during self-assessment; and
metacognitive skills are strategies students consciously deploy during self-assessment to control
the process.
Elucidating Self-Assessment via Online Measures

As we were interested in capturing instances of self-assessment metacognition while
students were engaged in self-assessment, we employed online measures in this study. Online
measures collect data during learning (Chevrier et al., 2019; Winne & Perry, 2000). Examples of
online measures include think alouds, eye tracking, and digital trace data. Interviews and
questionnaires (i.e., offline measures) rely on decontextualized and often misremembered
recollections of generalized learning events or hypothetical scenarios (Winne, 2020), offering “a
composite measure of users’ recollections of their overall experience” (Collins et al., 2019, p.
352). In contrast, online measures are uniquely capable of capturing fleeting thoughts, feelings,
oculomotor actions, and physical sensations that occur during learning and escape participants’
recollection or awareness—all of which are needed to fully understand a learning process
(Winne et al., 2019). Empirical evidence has repeatedly demonstrated that online measures can
inform more granular and comprehensive understandings of metacognition, self-regulated
learning, and studying processes (Beheshitha et al., 2015; Callan & Cleary, 2018; Hadwin et al.,
2007; Schellings et al., 2013). Online measures are ideally suited to developing fine-grained
understandings of how metacognition unfolds throughout the self-assessment process.

The use of online measures necessitates examining self-assessment within a specific task
and subject context, as data are collected during the self-assessment process. Since self-
assessment actions have been shown to vary across subjects (Panadero et al., 2020), defining the

subject context is particularly important. We decided to focus on self-assessment of writing for
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four reasons. First, research has suggested that self-assessment is central to the process of
learning to write (Andrade et al., 2009; Graham & Harris, 2018; Lin-Siegler et al., 2015).
Second, writing has been theorized as applied metacognition whereby students monitor and
control their thinking and externalize the metacognitive process through writing (Hacker, 2018),
suggesting that a writing task may provoke evidence of self-assessment metacognition. Third, the
first author of this paper has experience as an English Language Arts teacher and therefore has
experience assessing writing and supporting self-assessment of writing. Fourth, writing is an
important skill across a wide variety of contexts and professions; therefore, examining how selt-
assessment operates in writing contexts can support promotion of an important transdisciplinary
skill.
Study Aim and Research Questions

The aim of this study was to investigate the metacognitive processes of students engaged
in self-assessment. We were specifically interested in the metacognition students deployed
during self-assessment—i.e., thoughts that had the self-assessment process as the object of focus.
The cognition level of self-assessment (i.e., actions that have the student’s work as the object of
focus) was beyond the scope of this study and has been explored in other studies (Panadero et al.,
2024; Yan & Brown, 2017). While we are examining the cognition level and other dimensions of
self-assessment in other studies, this study exclusively isolated the metacognition dimension of
self-assessment in order to uncover how students monitor and control their own self-assessment
processes.

Since we intended to capture the metacognitive processes that occur during self-
assessment, our analysis focused primarily on metacognitive experiences and skills—the facets

of metacognition at play during a learning process (Efklides, 2017). Students call upon



EXAMINING SELF-ASSESSMENT METACOGNITION 17

metacognitive knowledge stored in memory to inform monitoring and control (Efklides, 2008),
so we aimed to capture metacognitive knowledge as it arose during the process. Rather than
trying to elicit participants’ full range of metacognitive knowledge about self-assessment, we
wanted to capture the metacognitive knowledge that students applied during the process.

Two research questions (RQ) guided this study:

RQ1. What metacognitive experiences shape students’ self-assessment processes?

RQ2. What metacognitive skills do students employ during self-assessment?

Methods

In this study, we examined students’ self-assessment metacognition using a qualitative
research design by adopting a qualitative orientation to think aloud data (Charters, 2003). Eye
tracking served solely as a gaze cue for retrospective think alouds and eye tracking data are not
presented in this study. The eye tracking data will be analyzed in another study. University
institutional ethics boards granted approval for this research.
Participants

Using a convenience sampling strategy, we recruited 25 English-speaking international
students completing their studies at a university in Spain. Recruiting international students
provided a socio-culturally diverse sample. Participants were from 15 countries: Australia,
Belgium, Canada, Croatia, France, Georgia, Germany, Ghana, Hungary, Iran, Netherlands,
Nigeria, Pakistan, Philippines, South Korea, Turkey, Ukraine, United Kingdom, United States of
America, and Puerto Rico. Most were white (n=15; 60%) and the rest were Black (n=2),
Asian/Asian American (n=2), Latinx (n=2), or did not know or preferred not to identify (n=4).
The largest group had English as their first language (n=10; 40%). While the remaining

participants had various other first languages, all were proficient in English and studying
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primarily in English. Most participants were female (n=16) and most were 20-30 years old
(n=18), with the remaining being older than 30. Participants were a mixture of undergraduate and
graduate students studying in a range of disciplines, including the social sciences (n=6),
engineering (n=4), humanities (n=3), and business (n=3), sciences, languages, communications,
design, and energy. For detailed information on the participants, see the Supplemental Material.
Measures

Students’ self-assessment metacognition was captured via gaze-cued retrospective think
alouds (Mclntyre et al., 2022). After self-assessing their writing on a computer equipped with
screen-based eye tracking, participants watched the entire screen recording of their self-assessment
process, which included the real-time gaze path and all screen-based actions (e.g., scrolling, typing,
navigating resources), and verbalized what they were doing, thinking, and feeling. The researcher
instructed the participants to say everything that came to mind as they watched the recording and
to try to keep talking constantly. They were prompted to keep talking if they were silent for more
than 30 seconds (Panadero et al., 2024). We selected cued think aloud protocols because they have
been shown to elicit more verbalizations related to metacognition than concurrent think alouds or
un-cued retrospective think alouds (Beach & Willows, 2017; Mclntyre et al., 2022; van Gog et al.,
2005). Moreover, gaze-cued retrospective think alouds have been shown to help more effective
learners better evaluate their own learning processes (Kostons et al., 2009). Gaze-cued
retrospective think alouds are theorized to support greater utterances related to metacognition than
concurrent think alouds because they provide fine-grained visual cues to inform participants’
recollections, while concurrent think alouds may reduce metacognitive utterances because

participants’ focus is divided between thinking aloud and engaging in the task (van Gog et al.,
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2005). Participants received training on the think aloud protocol at the start of the data collection
session and were reminded of the instructions immediately before the gaze cued think alouds.

Think alouds were audio recorded and transcribed. Demographic data were collected via
an online questionnaire.

Study Procedure

Prior to data collection, participants met with the first author to complete a reflective
essay, responding to the prompt, “Write an essay in English about your experiences living and
studying in a new country.” The essay was completed for the study and was not a part of
students’ course work. Participants were given a handout with the full instructions, including
suggested writing prompts and a list of writing criteria, and they typed their essays on a
computer. Participants also completed a short demographics questionnaire.

At a later time, participants came to the study lab for data collection. Working on the lab
computer, participants reviewed their essay, generated written self-feedback, and optionally
revised their essays. Their goal was to generate self-feedback and possibly revise their essays,
not grade or rate their work, though they were advised that they could if they wanted to.
Participants could open several on-screen resources throughout the self-assessment task: an
analytic writing rubric, two contrasting exemplar essays, the essay instructions, and the essay.
Participants were offered several resources—namely rubrics and exemplars—to use freely while
self-assessing. This was done to increase the ecological validity as this solution emulated more a
real classroom situation than having a standardized implementation of rubrics and exemplars
(e.g., standardizing the reading or use of the resources). Our aim was to capture self-assessment
metacognition across a range of self-assessment processes and approaches, rather than a specific

and standardized one, as the ways in which self-assessment is operationalized in classrooms and
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in students’ independent learning vary drastically (e.g., Panadero et al., 2016). Additionally,
research on self-assessment has identified at least four distinct self-assessment profiles (Panadero
et al., 2024) which may evoke different types or levels of metacognition, so we did not
standardize a self-assessment process to capture metacognition from the full range of profiles in
our sample. The analytic writing rubric was adapted from a validated writing rubric developed
for the Diagnostic Assessment and Achievement of College Skills (DAACS), an assessment and
research tool which collects data and provides assessment takers with feedback on key skills
needed to succeed in university (e.g., writing, self-regulated learning; see Bryer et al., 2025).
Because such analytic rubrics disaggregate qualitative descriptions of performance at different
levels across criteria, they provide a helpful way resource for students to self-assess and improve
specific aspects of their writing (Andrade et al., 2009). The exemplars were developed by the
first author to align with the performance levels articulated in the rubric and were refined based
on feedback from three rubric researchers. See the Supplemental Material for the rubric and
exemplars that students could open on the computer screen.

Eye tracking was recorded using a Tobii Pro Fusion screen-based eye tracking system
(sampling rate 250Hz) and integrated with screen recordings of the entire process. Immediately
after self-assessing, participants engaged in a gaze-cued retrospective think aloud protocol
(Mclntyre et al., 2022), wherein they were instructed to watch their complete screen recordings
with integrated gaze paths and verbalize everything they were doing, thinking, and feeling
throughout.

Data Analysis
We interpreted think aloud data using a qualitative lens. While think aloud studies are

often analyzed quantitatively, using a qualitative analysis approach can support the development



EXAMINING SELF-ASSESSMENT METACOGNITION 21

of novel theories and elucidate individual differences in thinking processes (Charters, 2003)—
benefits which aligned with our aim to theorize self-assessment metacognition. Additionally,
metacognition researchers have recently used and called for qualitative think aloud approaches to
support understandings of intersections between metacognition and self-regulated learning
(Marra et al., 2022). We analyzed the data primarily using a general inductive approach which is
suitable for qualitative studies with clear research objectives and for which a guiding framework
is lacking (Thomas, 2006). This approach was ideal in the absence of an empirically-informed
framework for self-assessment metacognition, and it allowed us to capture the full range of
metacognitive approaches that appeared in the data. However, drawing on our theoretical
framework predicated on Flavell’s framework (1979), we also employed some deductive coding
to denote the overarching themes, categorizing codes as either metacognitive experiences or
metacognitive skills.

Coding was primarily conducted by the first author with guidance from the other co-
authors. The first author inductively coded utterances related to metacognition (i.e., that had self-
assessment process as the object focus) and then categorized these codes into overarching themes
based on logical association. Utterances were defined as single idea units, so they varied in
length. Utterances were only assigned a single code; none were double coded. We used text
surrounding each utterance and participants’ screen recorded actions (i.e., context) to interpret
the core meaning of each utterance when assigning codes (Winne et al., 2019). Following a
general inductive approach, we engaged in multiple rounds of coding and interpretation of the
data. Interrater agreement was establishing following a procedure developed by Campbell et al.
(2013). The first author met with the co-authors, as well as other self-assessment researchers,

after each round of coding to discuss the utterances (i.e., agree on the lengths of idea units) and
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codes. These discussions involved raters coding samples from multiple transcriptions and then
discussing disagreements and, once consensus emerged, we adjusted the coding scheme as
needed. This process was repeated until all authors agreed on the codes, after which the first
author re-coded all the data using the finalized codebook. We then assessed interrater reliability
of the coding by calculating Cohen’s kappa (K) between the first author and a trained rater who
independently coded 10% of the think aloud data. Following Campbell et al. (2013), the first
author delineated pre-defined units of meaning (i.e., utterances containing or expressing a single
idea) in the sample data and trained the rater to use the coding protocol. The rater coded the
sample data independently, using the final codebook to code each unit of meaning. The Cohen’s
kappa (K) value was 0.78 (p<.001), indicating substantial agreement between the raters.

Through this iterative process, we grouped codes into two overarching themes,
metacognitive experiences and metacognitive skills, which were aligned with research questions
1 and 2, respectively. These overarching themes were named according to Flavell’s (1979)
metacognition framework; hence, while our fine coding was driven by inductive analysis, we
used a hybrid approach guided in part by Flavell’s framework to arrive at the larger, overarching
themes. These themes and their codes articulated the metacognitive processes of self-assessment.

Results

Metacognitive Experiences (RQ1)

Metacognitive experiences included thoughts or feelings participants had about their self-
assessment processes that emerged during self-assessment. We observed 9 metacognitive
experiences in the data: abduction, efficacy judgements, feelings of difficulty, feelings of

(dis)satisfaction, judgements of learning, monitoring focus or concentration, noting the time or
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time management, realizing their self-assessment process, and reflecting on task value. See

Table 2 for codes, representative quotations, and frequencies.
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Table 2

Metacognitive Experiences (RQ1): Codes and Representative Quotations
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Code Description Representative Quotation n
Metacognitive Experiences (RQ1)
Abduction Coming to an important realization, a moment “... and I realized it made more sense to kind of 14

of insight, about their thinking in the moment connect those two points.”
Feelings of Expressing a feeling of difficulty or challenge “I couldn’t find it. I think I was a bit stressed.” 77
difficulty
Feelings of Metacognitive feeling of (dis)satisfaction with “So at that time, [ thought my feedback is a bit weird.” 44
(dis)satisfaction something they have done or thought
Efficacy Making a judgement about their perceived “I have some weakness some ... some bad, not habits, 20
judgements capacity to successfully engage in self- like bad skills for this self-assessment”

assessment or apply a relevant skill
Judgements of Making a judgement about their learning from “And then after, yeah, in the middle, I said okay, I 11
learning the self-assessment think I’ve got the structure of it.”
Monitoring focus  Explicitly noticing their level of focus or “Yeah, I think because my eyes are making such weird 14
or concentration concentration patterns, it’s because I’'m not that focused. I’m reading,

but start ... I’'m losing my concentration”

Noting the time or Commenting on time and/or time management “oh, ’m running out of time” 34
time management
Realizing their Realizing or learning something new about how  “It’s crazy because it’s like all over the place what I 46
self-assessment they self-assessed, or self-assessment in general — did”
process
Reflecting on task  Reflecting on the value of self-assessment “I feel like if you go back, you can give yourself 15

value

feedback first on like in a separate document. Then you
can go back to your work and edit or revise what
you’ve already written.”
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The most frequent metacognitive experience was feelings of difficulty (n=77). This
metacognitive experience involved participants articulating a challenge they were experiencing
during self-assessment. Participants experienced feelings of difficulty for various reasons. For
example, feelings of difficulty arose when participants felt compelled to correct technical errors
while reading through their work. Participants expressed that noticing technical errors (e.g.,
typos) in their essay distracted them from reading it entirely. One shared, “I would’ve rather
have just been able to read and read it through in one pass, well, that’s great, and then think of it.
But no, I had to make edits along way where I thought I didn’t have to.” This participant felt that,
while correcting technical errors was necessary, it was also not the most efficient use of the self-
assessment time, suggesting that they would have preferred to focus on more substantial
concerns (e.g., structure, originality, diction). Another participant expressed a similar sentiment
when they said, “And this [overthinking] sometimes, I guess, could interfere with the general
performance, like overthinking about the use of language rather than actually paying attention to
the contents.” Participants recognized, via metacognitive experiences, that being distracted by
technical errors could limit their capacity to make substantial revisions to improve their essay.

A common source of feelings of difficulty was in participants’ doubts about the accuracy
or objectivity of their self-assessment. When experiencing feelings of difficulty, participants
expressed concerns that they were not qualified to assess their own writing, suggesting they felt
they lacked the skills or technical knowledge about writing needed to self-assess effectively.
Participants also expressed concerns about holding positive biases about their own work. For
example, one shared, “maybe it’s not well structured and I’m just saying this because it is the
work that I did and I’'m being kind of biased or something.” One the other hand, participants also

worried that their judgements were overly critical. While thinking about a transition they had
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written, one said, “I didn’t know if it was a good transition or if it was just me being a bit too
harsh.” Participants raised doubts about judgements they made about their own work, a tension
that manifested in feelings of difficulty.

Feelings of difficulty were also provoked when participants struggled to think of how
they might revise a part of their essay or correct a mistake. One participant was attempting to
evaluate their essay as too colloquial, but they could not remember the word colloquial or an
appropriate synonym. They re-read the passage several times and said, “but still I can’t
remember the English word, but I mean the language you use in your daily life and not in
academic context.” Participants at times simply expressed that they were struggling to think or
write, e.g., “I was struggling to compose.” Uncertainty and doubt were expressed in many
feelings of difficulty, e.g., “Um, but [ don’t even know if I should include that”, “But I think I
was doubting myself again a little bit.” Participants also experienced feelings of difficulty when
they were not sure what action to take next in their self-assessment process. For example, one
said, “What am I looking for? I wasn’t sure what [ was thinking here.”

Interestingly, one participant highlighted the topic of her essay as emotionally
challenging which created a feeling of difficulty. The participant, an international student, was
going to be returning to their home country shortly after data collection occurred, and they found
it difficult to re-read and think about their essay reflecting on their experiences in Spain: “It’s
hard to write about something that is emotionally, you’re very emotionally attached to when
you’re also leaving it.” Re-engaging with a challenging topic during self-assessment interrupted
the flow for this participant and caused them to reflect on a feeling of difficulty.

The second most frequent metacognitive experience was realizing self-assessment

processes (n=46), which occurred when participants experienced a moment of insight about their
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self-assessment process. These insights tended to relate to specific actions within the self-
assessment, or broad realizations about how they self-assessed after the self-assessment had
occurred. To exemplify the former type of realization, one participant shared, “I now realized
that I was more critical for this one paragraph than I was earlier on.” The participant then
checked on their other paragraphs to ensure they were being equally critical across their whole
essay. These in-the-moment realizations held potential to shape participants’ self-assessment
processes. As an example of the latter, broader type of realization about self-assessment, one
participant shared, “But yeah, I think, during the process also I realized that self-assessment
requires quite a lot of self-organization, too.” By engaging in self-assessment and explicitly
reflecting on the process, participants generated broad insights about self-assessment with the
potential to shape how they approach it in the future.

The third most frequent metacognitive experience was feelings of (dis)satisfaction
(n=44), which involved participants explicitly sharing their level of satisfaction with something
they thought or did as part of the self-assessment process. In some instances, participants were
clearly aware of why they experienced feelings of (dis)satisfaction. They reflected experienced
feelings of (dis)satisfaction towards revisions they made to their work or about the self-feedback
they had written. For example, one shared, “I’m happy with that, the edits I had made I guess,”
and another shared, “So at that time, I thought my feedback is a bit weird.” Regarding their self-
feedback, one participant reflected, “I felt like my thoughts weren’t really expressed the way that
I wanted them to be.” Participants also expressed (dis)satisfaction regarding their approach to
self-assessment. For example, after skimming an exemplar essay and realizing that they did not
learn anything from skimming it, one participant said, “It was a stupid approach.” These

participants clearly identified sources of (dis)satisfaction. On the other hand, feelings of
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(dis)satisfaction were at times not explicitly linked to sources. For example, after making a
revision, one participant said “That is good. I like it.” Feelings of (dis)satisfaction with their self-
assessment process held potential for participants to direct their self-assessment processes,
making changes to their approach when they felt unsatisfied or moving on to a new action when
they felt satisfied.

Metacognitive Skills (RQ2)

Metacognitive skills comprised strategies that participants used to deliberately shape their
self-assessment processes. Importantly, metacognitive skills were strategies participants
employed with the self-assessment process as the object, rather than their essays. We clustered
the metacognitive strategies into 7 codes: goal setting/reasoning; considering a strategy or
approach; considering if they are finished self-assessing; selecting a strategy; reflecting on
initial states or personal predispositions; reflecting on their personal self-assessment process;
and reflecting on the writing process. See Table 3 for codes, representative quotations, and
frequencies.

The most frequent metacognitive skill by far was selecting a strategy (n=477), wherein
participants verbalized a specific strategy they were consciously using to manage the self-
assessment process. Participants articulated a wide variety of strategies. One participant, after
reviewing the mastering and developing exemplars, made notes to summarize features of each
one:

and then I decided to just make a little feedback on the examples I had read ...
typos, of stuff that I didn’t want to see in my essay ... and then a little feedback

on the mastering example of stuff that [ would want to see in my essay.
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Table 3

Metacognitive Skills (RQ2): Codes and Representative Quotations
Code Description Representative Quotation n
Goal Articulating a short-term goal or reason for doing  “... to make sure that I was being as fair as possible 157
setting/reasoning something to myself.”

Considering a
strategy or
approach

Considering if
they are finished
self-assessing

Selecting a
strategy

Reflecting on
initial states or
personal
predispositions
Reflecting on
their personal
self-assessment
process

Reflecting on
the writing
process

Weighing different ways they might approach all
or part of the self-assessment task

Explicitly considering if they are finished self-
assessing and revising their essay or if they want to
continue self-assessing and revising

Naming their strategy for regulating or managing
the self-assessment process without explaining
why

Explicitly reflecting on their psycho-social state
and possibly how it might impact their self-
assessment

Explicitly reflecting on how they usually or like to
approach self-assessment, and possibly how that is
influencing their current self-assessment process

Reflects on or remembers details about the process
of writing the essay

“... you know sometimes if you are asking someone 8
to explain, it’s like a bad thing. I was supposed to ask
you but I didn’t ask you.”

“And then now I thought I was thinking, ‘Okay, what 21
do I do now? Do I continue writing the feedback or
do I stop?’

“Okay, so I thought first I was going to compare my 447
work with the criteria.”

“... and so I feel like I have a certain amount of 69
perfectionism.”

“... usually for me it’s easier to self-assess myself 25

when [ have something as a comparison. I think that
is a general understanding of a lot of people.”

“... because when I wrote this, the other time I really 35
did not put much effort in the commas, I mean the
grammatical structure of the content.”




EXAMINING SELF-ASSESSMENT METACOGNITION 30

This example represented a relatively well-developed articulation of a strategy. Most examples
were shorter verbalizations, where participants articulated in-the-moment decisions they made
about the self-assessment process, e.g., “now I’m starting with [writing] the feedback. So |
wanted to do bullet points.” Such verbalizations operated as connecting points between self-
assessment actions. In the previous example, selecting a strategy connected reading their essay
with assessing their essay (i.e., self-generating feedback), two self-assessment actions which had
the student’s work as the object of focus (i.e., object-level). In some instances of strategy
selection, participants paused to summarize their overall approach to the self-assessment, e.g.,
“And I think my approach with it was I changed any kind of grammatical issues or like if I kept
reading where something didn’t seem quite right.” These instances involved participants
reflecting on their strategies more broadly.

Goal setting/reasoning was the second most frequently used metacognitive skill and it
was closely connected to selecting a strategy: it involved participants explaining why they
employed certain actions or approaches. Goal setting/reasoning therefore often co-occurred with
selecting a strategy. For example, one participant said, “So, I’'m going to read it [the essay] again
to be more objective.” The first part of the statement was coded as selecting a strategy (i.e., the
decision to re-read the essay) and the latter part was coded as goal setting/reasoning (i.e., the
participant explaining why they decided to re-read the essay). Participants reported a variety of
goals that guided their approaches and actions, including to:

e confirm they were satisfied with a judgement or revision (e.g., “to see if I agreed with my
changes”),

e generate fair and unbiased feedback (e.g., “like, how do I be fair on myself here?”),
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e locate a specific type or piece of information (“I tried to find some letter errors and
spelling mistakes”),

e remember something (e.g., “to remind myself what I wrote about”),

e orient themselves to the spectrum of performance (“So yeah, I was trying to follow the
first two stuff [criteria] to understand the categories how I need to understand myself”),
and

e improve the essay (“because it makes the sentence nice”).

These short-term goals or reasons for doing and thinking things played an important role in the
self-assessment actions and approaches participants undertook.

While they occurred relatively less frequently, instances of participants reflecting on their
initial states, personal self-assessment process, or the writing process were important because
they involved participants drawing on metacognitive knowledge about themselves, self-
assessment, and writing. Some participants commented on having little experience with self-
assessment, or not having self-assessed in a long time, highlighting their awareness of how this
initial state might shape their self-assessment. One participant shared,

I decided to start with rubric first [selecting a strategy] to kind of structure my feedback

on my piece of writing and yeah just to get the general idea of what rubric said [goa/

setting/reasoning| because I don’t have any experience with self-assessment [reflecting
on initial states or personal predispositions].
Here, the participant considered their initial state (i.e., inexperienced with self-assessment) which
informed their reasoning about why they selected a certain strategy. Participants’ metacognitive
knowledge of themselves also guided their processes. One noted that, when self-assessing, they

often have a hard time starting, but once they get started they are able to self-assess effectively:
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“Yeah, usually I, when I write anything, including, for example, self-assessment, I have always
hard time starting with things ... But once I start, then it’s much easier to continue.” This
metacognitive self-knowledge helped them to overcome a feeling of confusion about where to
start during the self-assessment. Another participant reflected on their initial state in the self-
assessment as being creative and energized, helping them to improve their essay: “So I could tell
that my brain just functioned, I would say a bit more, I was feeling more productive and more
creative”. Participants reflected on the writing process (of writing the essay), drawing on
metacognitive knowledge about writing and the writing process, to prioritize what they attended
to in the self-assessment process. For example, one participant recalled that they were tired when
they wrote their essay, saying, “but I think I was too tired to use my actual vocabulary skills, my
better vocabulary skills,” which informed their subsequent judgement about their work: “Yeah, I
think like regarding transition signals, I think it’s fine.” Actively remembering the writing
process was a metacognitive skill whereby participants controlled their self-assessment
processes.
Discussion

Previous research has begun to uncover the actions and practices that comprise student
self-assessment (Panadero et al., 2024; Yan & Brown, 2017). However, while a metacognitive
dimension of self-assessment has been theorized, there has been limited empirical research
examining how students think about their self-assessment processes while engaged in self-
assessment. The findings from the present study provide initial empirical evidence of the
metacognitive process that shape how students self-assess. Overall, our findings suggest that
metacognitive experiences served an important monitoring function in self-assessment, and

served to support students in goal setting/reasoning and selecting a strategy to facilitate control.
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The identification of metacognitive processes holds important implications for researchers
studying self-assessment and for educators supporting students in developing their self-
assessment processes.

RQ1: What metacognitive experiences shape students’ self-assessment processes?

As explained in the theoretical framework, metacognitive experiences refer to
metacognitive feelings, judgements, and online task-specific knowledge that a learner is aware of
during a task (Flavell, 1979). During the think alouds, participants verbalized a range of
metacognitive experiences during self-assessment: abduction; feelings of difficulty; feelings of
(dis)satisfaction; efficacy judgements; judgements of learning; monitoring focus or
concentration; noting the time or time management; realizing their self-assessment process; and
reflecting on task value. Together, these metacognitive experiences served a monitoring function
during self-assessment, helping students to re-evaluate their self-assessment process. For
example, feelings of (dis)satisfaction represented participants’ evaluations of aspects of their
own self-assessment processes (e.g., self-feedback, revisions). Efficacy judgements, conversely,
were a mechanism whereby participants calibrated their capacity to successfully assess and
improve their work based on their developing perceptions of their self-assessment process. The
metacognitive experiences identified in this study thereby held the potential for participants to be
metacognitively aware of and evaluate their self-assessment processes (i.e., monitoring) so they
could act on these evaluations (i.e., control).

While previous research has not examined self-assessment metacognition specifically,
metacognitive experiences have been linked to self-assessment in theories of assessment as the
co-regulation of learning. Researchers have theorized that classroom assessment is a mechanism

of co-regulation (i.e., regulation with the support of peers and teachers) whereby teachers,
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students, and classroom resources interact to regulate learning and instruction (Allal, 2020). In a
systematic review of evidence of assessment as co-regulation, Andrade and Brookhart (2020)
noted that student self-assessment may be an effective vehicle for promoting metacognitive
monitoring by engaging students in understanding success criteria and reflecting on the extent to
which their performance aligns with criteria. Our findings provide empirical evidence to support
the link between student self-assessment and metacognitive monitoring: our participants’ self-
assessment processes elicited a range of metacognitive experiences, indicating that student self-
assessment can operate as a co-regulator of learning and help students practice and internalize
metacognition. Andrade and Brookhart (2020) also found evidence that formative and
summative assessments can be used to elicit students’ judgements of learning, a metacognitive
experience that we also found as part of the self-assessment process.

In our study, feelings of difficulty were reported relatively much more frequently than
other metacognitive experiences, suggesting they may play a particularly important role in self-
assessment. The prevalence of feelings of difficulty in our participants’ self-assessment
processes highlight the documented connection between affect and metacognition, whereby
metacognitive experiences have an affective or emotional component (Efklides, 2017). The
affective component associated with feelings of difficulty could require students to dedicate most
of their cognitive resources to attending to these experiences. Studies have reported varying
levels of cognitive load during self-assessment which may be associated with the types of
resources students use to self-assessment (e.g., a list of criteria, analytic rubrics, exemplars;
Fastré et al., 2012; Krebs et al., 2022; Lipnevich et al., 2023). Our study suggests that feelings of
difficulty may be an important source of cognitive load, given that it was reported so frequently

by participants. Feelings of difficulty may explain some of the variance in the cognitive load
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students experience during self-assessment, which would in turn shape the outcome of self-
assessment on performance and learning.

Research on processing fluency can also support interesting insights related to this
finding. In a review highlighting implications of processing fluency research for educational
psychology, Reber and Greifeneder (2017) described how learners’ perceptions of processing
fluency inform metacognitive experiences, beliefs, and affect. Processing fluency can operate as
a heuristic for judgements of learning and feelings of knowing, saving learners time and
cognitive load required to consider evidence or retrieve information required to support these
metacognitive experiences. Instead, a feeling of processing fluency can quickly signal to a
learner how well they are learning or how much they know. An amount of processing disfluency
can also be beneficial for learning. Disfluency in encoding has been associated with enhanced
retrieval, and confusion due to contradictory information can enhance learning. In terms of
affect, processing fluency may enhance interest in a task. Processing fluency has also been
shown to increase the perceived truth of a statement. Relatedly, confusion has been shown to be
beneficial for learning when students are able to engage self-regulated learning strategies that
resolve the confusion (D’Mello et al., 2014), implicating confusion—which is related to feelings
of difficulty and processing disfluency—as a heuristic that can facilitate strategy selection.
Confusion has been shown to provoke metacognitive processing in elementary school students
engaged in math problem solving (Munzar et al., 2021). These findings offer support to the
important role that metacognitive feelings of difficulty may play as an instantiation of processing
disfluency which may provoke confusion and support strategy selection.

In our study, feelings of difficulty could be interpreted as instances of processing

disfluency, and our findings therefore illuminate how processing fluency may operate in self-
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assessment. Participants experienced feelings of difficulty when they detected that increased
cognitive resources and time were needed to process information—i.e., when they were unsure
how to resolve a perceived impasse in their work, or when they realized their attention was being
distracted by compulsions to correct typos. Additionally, participants experienced feelings of
difficulty when reading about difficult topics in their essays, demonstrating a link between affect
and processing difficulty. Processing fluency also seemed to shape our participants’ beliefs about
their work, as they attributed feelings of difficulty to doubt about their own self-assessment and
objectivity; processing disfluency may have undermined participants’ confidence in the truth of
their own self-feedback. Students’ doubts about their self-judgements of performance have been
empirically documented in research studying second-order judgements (i.e., confidence ratings
about previous self-judgements of performance) and provide information about students’
metacognitive awareness (Héandel & Fritzsche, 2016), supporting our findings that self-doubt
may be an important part of the metacognitive dimension of self-assessment. Overall, processing
disfluency seemed to shape each of the domains identified by Reber and Greifeneder (2017)—
participants’ metacognition, affect, and beliefs—during self-assessment. Feelings of difficulty
informed participants’ understanding of their self-assessment process (e.g., struggling to stay
focused, confused about technical issues) as they rationalized why they were experiencing
disfluency. Processing fluency and disfluency may both have an important role in guiding self-
assessment, supporting efficient decisions and directing students’ cognitive and affective
resources to areas that students sense require further consideration (e.g., objectivity, sensing a
source of distraction), respectively.

RQ2: What metacognitive skills do students employ during self-assessment?
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As noted in our theoretical framework, metacognitive skills refer to the strategies that
learners use to control cognition and are driven by metacognitive knowledge and metacognitive
experiences (Flavell, 1979). Participants expressed seven distinct metacognitive skills while self-
assessing: goal setting/reasoning; considering a strategy or approach; considering if they are
finished self-assessing; selecting a strategy; reflecting on initial states or personal
predispositions; reflecting on their personal self-assessment process; and reflecting on the
writing process. These metacognitive skills articulate mechanisms whereby participants
deliberately shaped their self-assessment processes. For example, considering a strategy or
approach involved participants thinking about how a certain strategy (e.g., asking for
clarification, highlighting text) might be helpful. Participants reflected on their personal self-
assessment processes to inform decisions about how to proceed during the self-assessment.

Our findings highlighted the particular importance of goal setting/reasoning and selecting
a strategy, the most frequently verbalized metacognitive skills. Metacognitive goal
setting/reasoning involved participants setting short-term goals or explaining why they did or
thought something related to their self-assessment process specifically. Selecting a strategy was a
similar metacognitive skill, involving participants expressing their self-assessment strategy or
approach but without explicitly stating why they were doing it. While research specifically
focused on goal setting in self-assessment is lacking, assessment as co-regulation theory has
posited that assessment activities, such as assessment portfolios, can forefront goal setting as a
learning skill for students (Andrade & Brookhart, 2020). What our findings add to this discussion
is insight into the highly recursive nature of metacognitive goal setting/reasoning during self-
assessment. While assessment portfolios may help students and teachers co-construct goal setting

before or between learning tasks, our think aloud data revealed that students are continuously
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involved in setting and updating their goals to direct their self-assessment processes. The
recursive nature of self-assessment processes has also been identified in a K-12 context using
digital trace data (Rickey et al., 2023). With the addition of the present study, the highly
recursive nature of self-assessment is corroborated now with two different online methods,
suggesting the importance of online measures in detecting recursion. This recursive goal setting
and updating may be an instantiation of volatile data, thoughts and feelings that occur quickly
during learning which offline measures are not well suited to capturing because participants
forget about or are not aware of them (Winne et al., 2019). Notably, utterances wherein
participants expressed goal setting/reasoning and selecting a strategy were often very short, with
participants quickly moving on to their next thought, implicating them as possible instances of
volatile data.

Overall, the prevalence of goal setting/reasoning and selecting a strategy throughout
participants’ self-assessment processes highlights the importance of students being able to
articulate their self-assessment processes in order to control them, as participants were asked to
verbalize what they were doing, thinking, and feeling during the self-assessment task. In other
words, being intentionally aware of their actions, decision-making, and reasoning during self-
assessment is an important part of being able to control and direct their own self-assessment
process. This finding is supported by self-regulated learning research: a foundational meta-
analysis found that self-regulated learning training interventions were most effective when they
included metacognitive reflection (Dignath & Biittner, 2008).

Participants’ metacognitive knowledge about self-assessment emerged through reflecting
on initial states or personal predispositions; reflecting on their personal self-assessment process;

and reflecting on the writing process. In these instances, participants drew on their metacognitive
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knowledge about themselves as learners, how they usually engage in self-assessment, and their
recollection of the essay writing process to make decisions about or contextualize how they self-
assessed and revised their essays. Our findings reinforce that students draw on metacognitive
knowledge about themselves and their prior cognitive processing to inform metacognitive skills
(Efklides, 2008). Our data also suggest that students may have conceptions about their personal
approaches to self-assessment which they rely on to inform their self-assessment processes.
Notably missing in our findings was evidence that participants applied task-specific knowledge
about self-assessment, apart from knowledge about how they have approached self-assessment in
the past. This finding is unsurprising; given that researchers have yet to fully theorize the
cognitive, metacognitive, and affective processes that comprise self-assessment (Brown &
Harris, 2014; Panadero et al., 2024), we would not expect the university students who
participated in this study to hold much task-specific knowledge about self-assessment, beyond
that accurate self-assessment requires awareness of personal biases.
Implications

The findings from this study have implications for theory and practice. Theory
development is primarily comprised of descriptive and explanatory aspects (Greene, 2022).
Explanatory aspects articulate why a phenomenon in the world manifests, including relationships
between, predictions about, and ways to control phenomena. They tend to be informed by
experimental research and quantitative analyses of relationships between constructs. Less
frequently discussed, descriptive aspects provide an accurate, useful, and comprehensive
portrayal of a phenomenon. Descriptive aspects, based on observations of a phenomenon, are
needed to precede explanatory ones: incomplete understandings of phenomena leave aspects of

the phenomena unexamined, leading to gaps in research and practice. Qualitative and mixed
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methods research are well suited to developing descriptive aspects of theory by capturing
comprehensive and contextualized observations. However, in psychology, theory development
has tended to focus on explanatory aspects of theory development, with insufficient attention
given to descriptive aspects (Greene, 2022).

The present study specifically advances the descriptive aspects of self-assessment theory.
Leveraging a qualitative orientation to online think aloud data, we elucidated the metacognitive
processes of self-assessment, a dimension of self-assessment that has been theorized but not
empirically investigated. Our findings provide an initial empirical understanding of the
underlying metacognitive experiences and skills which comprise self-assessment metacognition.
Greene (2022) argued that “descriptive aspects of theories are particularly useful when they
elucidate less-commonly-known phenomena or aspects of those phenomena” (p. 3014).
Perspectives on self-assessment have evolved from seeing self-assessment as a skill to
understanding it as a multidimensional process comprised of cognitive, affective, and
metacognitive actions (Panadero et al., 2016, 2024). By providing an initial articulation of the
metacognitive dimension of self-assessment, our findings have expanded previous
understandings of the actions and criteria that comprise the process of self-assessment. This
articulation can inform future research and prevent explanatory aspects from overlooking the role
of metacognition in how self-assessment relates to self-regulated learning.

This study also holds implications for metacognition theory. Assessment policies (British
Columbia Ministry of Education, 2023; Ireland National Council for Curriculum and
Assessment, 2007; Manitoba Education, 2006; Ontario Ministry of Education, 2010; Queensland
Government, 2022) and teachers (Braund & DeLuca, 2018) have theorized that engaging

students in self-assessment is an important part of fostering student metacognition. However, the
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mechanisms linking student self-assessment and metacognition are not yet empirically
understood. Findings from this study may introduce some specific mechanisms whereby self-
assessment may help students engage in and internalize metacognition over time. For example,
engaging in self-assessment seems to provoke a range of metacognitive experiences, especially
feelings of difficulty, which provides students with an opportunity to learn to recognize and
respond to metacognitive experiences in other learning situations. Self-assessment also affords
students an opportunity to apply metacognitive skills, such as goal setting and selecting a
strategy, reflecting self-assessment’s capacity to catalyze students’ metacognitive control and
application of metacognitive knowledge (e.g., reflecting on initial states/personal
predispositions). Self-assessment can therefore help students practice and internalize the
metacognitive processes identified in this study.

In terms of practice, findings from this study highlight the importance of supporting
students’ metacognitive knowledge about self-assessment, an aspect of metacognition that
seemed to be lacking in participants’ think alouds. It was clear that participants had perceptions
of their personal self-assessment processes that they drew on to inform how they approached
self-assessment in this study. However, it was not evident that they had learned strategies or
approaches to self-assessment beyond those that they had personally developed. Moreover,
reflections on their personal self-assessment processes tended to elicit superficial strategies, such
as organizing self-feedback using bullet points, rather than high-impact approaches to self-
assessment, such as redo (making or thinking of revisions; Panadero et al., 2024). The high
frequency of feelings of difficulty that participants reported emphasize that they found self-
assessment challenging: they reported feeling unsure about how to regulate the process, manage

their time effectively, or respond to biases that may have shaped their self-assessments—despite
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being university students who have spent many years in formal education and who are
presumably relatively highly self-regulated. In previous studies, both students and teachers have
identified a perceived lack of student self-knowledge as a limitation to supporting self-
assessment (Kippers et al., 2018; Volante & Beckett, 2011). Our findings would suggest that, for
university students, a lack of self-knowledge may not be the primary issue. Rather, a lack of
metacognitive knowledge about self-assessment may be a more substantial limitation to reaping
the benefits of student self-assessment. Our findings highlight the importance of teaching
students to self-assess to help them control their own self-assessment processes.

Our findings also illuminate some of the metacognitive skills and knowledge that could
support self-assessment. Educators could support student self-assessment by explicitly teaching
students about the metacognitive experiences, skills, and knowledge identified in this study to
help them monitor, interpret, and control their self-assessment processes. Self-assessment is a
core aspect of feedback literacy, positioned as a space where students draw on and interpret
internal and external feedback to evaluate their own performance and make decisions about
learning (e.g., eliciting more feedback, making revisions; Yan & Carless, 2021). By teaching the
processes identified in this study, educators can help students monitor and control their own
thinking as they process and consolidate internal and external feedback to make such decisions
and thereby foster students’ feedback literacy.

Last, findings from this study have implications for using assessment to support self-
regulated learning and co-regulation. Researchers have theorized that self-assessment supports
learning when it engages students in subprocesses of self-regulated learning (Andrade, 2010;
Brown & Harris, 2013). Theories and empirical findings have indicated several mechanisms

whereby self-assessment may facilitate self-regulated learning. Self-assessment may foster self-
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efficacy, a driver of self-regulated learning (Panadero et al., 2017; Ross, 2006), goal setting
(Andrade & Brookhart, 2020), self-monitoring (Andrade, 2013), and knowledge of success
criteria (Stobart, 2008). When educators invite students to self-assess and support them using
guidance and resources, self-assessment can be seen as supporting co-regulated learning
(Andrade & Brookhart, 2020). Self-assessment can also co-regulate teaching and learning when
it affords opportunities for students to shape what is valued in a classroom, e.g., via criteria co-
construction or feedback to teachers (Bourke & Mentis, 2013; Tanner & Jones, 1994). Findings
from our study provide initial empirical insights into a mechanism whereby self-assessment may
facilitate self-regulated learning and co-regulation via metacognition. Metacognition is a core
dimension of self-regulated learning (Greene et al., 2024), and our findings indicate that self-
assessment activates metacognitive monitoring of the self-assessment process via metacognitive
experiences, especially feelings of difficulty, and metacognitive control of the self-assessment
process via metacognitive skills, especially goal setting and articulation of the self-assessment
process. By explicitly supporting these metacognitive processes when facilitating student self-
assessment, teachers may enhance the co-regulatory effects of student self-assessment and
students’ development of self-regulated learning. For self-assessment to support the
metacognitive dimension of co-regulation, teachers must also help students make their self-
assessment metacognition visible. Students could do so using reflection journals, video diaries,
or thinking aloud about their work for teachers. Making these processes visible is needed for
teachers to be able to offer tailored supports (Nicol, 2021; Panadero, Lipnevich, et al., 2019) and
can provide educators with concrete indicators of when students are taking an active role in
assessment, a requisite for cultivating student-centered assessment (Gulikers et al., 2021).

Limitations and Future Research
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As this is a qualitative study based on a small, albeit diverse, sample of university
students, findings cannot be widely generalized. Our aim was not to identify generalizable
trends; rather, with a focus on developing descriptive aspects of theory (Greene, 2022), we
adopted a qualitative approach to capture rich data and account for individual differences
(Charters, 2003). Future research with larger sample sizes and across education contexts is
needed to validate and extend our findings. Given that our participants were university students
studying abroad, many of whom were graduate students, they may exhibit relatively well-
developed self-regulation and metacognition compared to other groups of students. In the think
alouds, participants expressed varied amounts of experience and training with self-assessment
which is unsurprising especially given how they came from a diverse range of education contexts
and disciplines. Studies examining self-assessment metacognition in K-12 contexts could help
illuminate the metacognitive processes of self-assessment in younger students and those with less
experience in education or varied levels of self-assessment experience which all may shape self-
assessment metacognition (see Andrade & Brown, 2016; Brown & Harris, 2014).

The context of self-assessment in this study also necessitates important considerations
when interpreting our findings. How we conceptualized self-assessment is one such
consideration. We adopted a formative perspective, where the purpose of self-assessment is to
support learning and especially revisions to performance, in contrast to a summative perspective
on self-assessment that only involves quantitative self-rating or self-grading (Andrade, 2019).
Self-rating or self-grading, without the need to revise or develop qualitative self-feedback, might
elicit different metacognitive processes. Research has indicated that low achieving students tend
to be overconfident in their self-rating, while high achieving students tend to be underconfident

(Andrade, 2019; Hacker et al., 2000; Hacker & Bol, 2019). Additionally, students’ motivation to
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engage in self-assessment and revisions may be different if the work they are self-assessing
affected their grades, which was not the case in this study. Future study of the metacognitive
processes of self-assessment for summative purposes is therefore warranted to understand how
self-assessment accuracy and confidence can be supported. However, we focused on formative
self-assessment as we are primarily interested in how students generate self-feedback for
improvement and because, pedagogically, self-rating may be less helpful for students’ learning:
it can rush students to a judgement without deep, generative analysis of their own performance
(Andrade, 2019; Boud & Brew, 1995).

As a second contextual consideration, participants in our study had access to various
onscreen resources to help them self-assess (i.e., rubric, contrasting exemplars, essay
instructions, self-feedback space). The different resources students have access to could also
shape the metacognitive processes that emerge. These contextual considerations highlight that
self-assessment happens within a socio-cultural context that intrinsically shapes it (Andrade &
Brown, 2016). We examined self-assessment metacognition primarily from a psychological
perspective, collecting data via think alouds in a lab setting to uncover cognitive processes.
While such psychological perspectives are important, they are limited to what occurs inside
students’ minds (Shepard & Penuel, 2018); they therefore need to be supplemented with socio-
cultural perspectives to elucidate how social and cultural environments shape psychological
phenomena. Ethnographic and longitudinal observational studies are needed to supplement the
findings from this research and illuminate situative perspectives (Nolen, 2024) on how students
and educators co-construct self-assessment processes over time using different resources and
across diverse learning contexts. Writing has been conceptualized as a fundamentally

metacognitive process—a view supported by the wide variety of metacognitive experiences and
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skills our participants articulated—that is subject to developmental stages (Hacker, 2018).
Research is therefore needed to verify if the metacognitive processes of self-assessment we
identified are transferrable across subject contexts (e.g., math, arts) and developmental stages.
Such research would continue to extend the descriptive aspects of self-assessment theory which
are needed to inform explanatory aspects.
Conclusion

Despite these limitations, this study provides an initial understanding of the
metacognitive processes of student self-assessment via the first empirical data of metacognitive
experiences and skills—i.e., self-assessment actions which have the students’ own self-
assessment process as the object of focus—captured during the self-assessment process. It
thereby makes an important contribution to descriptive aspects of self-assessment theory,
elucidating the metacognitive dimension of self-assessment for the first time and highlighting
areas of future research, and contributing to ongoing efforts to open the black box of selt-
assessment (Panadero et al., 2024). Our findings highlight the particular importance of feelings
of difficulty, selecting a strategy, and goal setting/reasoning as metacognitive processes shaping
self-assessment. While self-assessment’s role as a subprocess of self-regulated learning has been
empirically examined (Panadero et al., 2017; Yan, 2020b), this study offers an initial bridge
between self-assessment and metacognition research—an underexplored link that stands to
support more comprehensive understandings of how self-assessment relates to learning. To
support self-assessment in education, mapping the various dimensions of the process of self-

assessment remains central to the research agenda.
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Supplemental Material

Participant Demographics
Variable Frequency (/25) Percentage Variable Frequency (/25) Percentage
Age Gender
20 1 4.0 Female 16 64.0
21 6 24.0 Male 8 32.0
22 4 16.0 Genderqueer 1 4.0
23 2 8.0 Discipline
24 1 4.0 Humanities 3 12.0
25 1 4.0 Sciences 1 4.0
26 1 4.0 Engineering 4 16.0
28 2 8.0 Social Sciences 6 24.0
31 1 4.0 Languages 2 8.0
32 2 8.0 Business 3 12.0
33 1 4.0 Communications 1 4.0
34 1 4.0 Design 1 4.0
37 1 4.0 Energy 1 4.0
47 1 4.0 Graphic Design 1 4.0
Home Country First Language
Australia 1 4.0 English 10 40.0
Belgium 1 4.0 French 1 4.0
Canada 2 8.0 Korean 1 4.0
Croatia 1 4.0 Urdu 1 4.0
France 1 4.0 Turkish 1 4.0
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Georgia 1 4.0 Hungarian 1 4.0
Germany 3 12.0 Dutch 1 4.0
Ghana 1 4.0 German 3 12.0
Hungary 1 4.0 Georgian 1 4.0
Iran 1 4.0 Croatian 1 4.0
Netherlands 1 4.0 Cebuano 1 4.0
Nigeria 1 4.0 Persian 1 4.0
Pakistan 1 4.0 Ukrainian 1 4.0
Philippines 1 4.0 Yoruba 1 4.0
South Korea 1 4.0 Race
Turkey 1 4.0 Asian/Asian American 2 8.0
Ukraine 1 4.0 Black/African American 2 8.0
United Kingdom 2 8.0 Latinx 2 8.0
United States of America 2 8.0 White/European 15 60.0
Puerto Rico 1 4.0 Prefer not to say/Don’t know 4 16.0
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Analytic Writing Rubric Which Participants Could Open On The Screen

63

Developing

Emerging

Mastering

Content

Ideas are general statements about the writer’s
experience without specific, personalized insights.

Ideas are general statements with some examples or
anecdotes to illustrate the ideas.

Ideas are clear and compelling. The writer offers a well-
developed and highly personal interpretation.

Organization
& Structure

Individual ideas are clear, but the progression of one
idea to the next is unclear.

The essay features a short introduction, at least one
body paragraph, and a short conclusion.

The essay is well-organized, with an order and
structure that present the discussion effectively.

Paragraphs

Paragraphs abruptly shift from one idea to the next,
or there is only one paragraph. Paragraphs have

several topics. Sentences contain independent ideas.

Transitions between paragraphs are simple.
Paragraphs focus on one or two main ideas. A limited
range of linking words are used to connect sentences

within paragraphs.

Transitions between paragraphs strengthen the
progression of the essay. Paragraphs are consistently
and clearly focused on a main idea. Sentences are
seamlessly linked using a variety of types of words.

Sentences

Sentences are often very short or long without a clear
effect. Sentences follow a basic subject-verb-object
pattern. Sentence lengths are all similar.

Sentences are generally correct. There may be minor
agreement errors (e.g., “the information in each
section are ...”). One type of sentence is primarily
used throughout. Fragments are used for effect.

Consistent and appropriate use of a variety of
sentence structures and lengths to achieve clear
effects (e.g., complex sentences to create a sense of
rushing).

Conventions

Capital letter errors and/or spelling errors make
meaning unclear. Full stops/period errors cause the

reader to pause to decipher meaning.

Minor spelling, capital letter and/or punctuation errors
are noticeable but do not distract from the meaning.
Punctuation is used to ensure that meaning is clear.

Spellings and capital letters are used correctly.
Punctuation is used to convey subtle meanings (e.g.,
semicolon used to contrast two parallel ideas).
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Mastering Exemplar Which Participants Could Open On The Screen

Writing Exemplar: Mastering

Living in a new country was, for me, a life-changing experience. In 2014, | moved from my home country of
Canada to teach secondary school in the United Kingdom. Working as a teacher afforded lots of opportunities
for travel: teachers in England get a 1-2 week holiday every six weeks, as well as a 5-6-week summer. |
travelled extensively during my time living in England, visiting many countries in Europe (e.g., Iceland,
Switzerland, Slovenia), North Africa (e.g., Morocco, Egypt), and Asia (e.g., Singapore, Indonesia). While
traveling and living abroad was incredibly fun, it came with certain challenges that only those who have lived
abroad can fully understand, such as acculturating to new belief and behaviour systems. | am very grateful,
however, for these challenges. Navigating them has helped me better understand the world—and the people
in it—and provided me with invaluable life lessons.

One of the first things | learned about living abroad was that subtle differences make a big difference.
Moving to another English-speaking country—and one that established the original colonies in Canada—I
didn’t expect to experience much culture shock. However, from day one, the subtlest of differences were
glaringly obvious. In Canada, we drive on the right side of the road; in the UK, we drive on the left. In Canada,
there are lots of coniferous trees; in the UK, the trees are mainly deciduous. The sun rises slightly later and
sets slightly earlier in the UK than in Canada, casting a different shade of light than | was used to. | often felt
like | was living in an alternate, parallel universe. While these differences fostered an initial sense of shock,
they ultimately caused me to slow down and pay attention to the little things. | noticed the types of trees that
surrounded me; their scents, heights, and leaves, things that | would not have noticed had | stayed in Canada.
The differences cultivated presence. | got to deeply notice and experience the beauty of a new place.

Acculturating to the UK proved more challenging in some ways [...]

Ultimately, the differences | experienced between my home and my adopted home were at the core of my
experiences living abroad. The minor differences highlighted, for me, the important similarities, i.e., core
values of fun and kindness. Additionally, subtle differences in the natural world gave me a new appreciation
for the beauty of Ontario—the unique way the light hits the lakes in the summer, the rugged beauty of the
Canadian shield, the density of Ontario forests, all features which became more beautiful when contrasted
with the rolling hills, jagged sea cliffs, and gentle yet breathtaking landscapes of England. Living abroad helped
me understand other lands and people better, which in turn helped me understand myself and my home

better. Living abroad enriched my life and is something | highly recommend to others.
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Developing Exemplar Which Participants Could Open On The Screen

Writing Exemplar: Developing

| learned alot from my time living abroad. | went from Canada to England in 2014. | experienced challenges
and wonderful experiences in England. the challenges made me develop key skills that have served me well. |
noticed that the type of humour was different in the UK there they liked to wind people up. one skill | learned
there was how to be patient with people to understand their perspectives, this was an important skill because
it made me kinder and more understanding. | had lots of fun while living abroad | made friends and tried good
food.

| traveled alot when | lived in Englad, flights to places in Europe are very cheap there. | learned about
different cultures when | lived abroad. | made friends in England and still visit them sometimes. the weather
there is rainy compared to Canada. But Canada is worse in the winter. in the future, | will do more research to
know what to pack when | move somewhere. overall, | really enjoyed my time in England and learned alot it

served me well in my life for lots of reasons.



