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Effectively cultivating student self-assessment remains a global educational challenge. This study examined
students’ cognitive and affective processes during self-assessment of writing supported by rubrics and exemplars.
Twenty-five university students completed a self-assessment task, involving generating feedback on and

;\:t‘:i‘g optionally revising their own essays, with access to an on-screen rubric and two contrasting exemplar essays.
Exemplars Eye-tracking recorded fixation durations across five resources (rubric, exemplars, essay, self-feedback), followed

by a gaze-cued think-and-emote-aloud protocol. Joint display integration of eye-tracking and think aloud data
revealed the cognitive and affective processes participants activated while using each resource. Rubrics and
exemplars triggered distinct comparisons and emotional reactions. When viewing essays, students prioritized
major improvements but were distracted by minor errors. Self-feedback elicited self-forgiveness and reflections
on bias. Findings contribute to self-assessment theory by revealing what students think and feel when using
typical self-assessment resources, offering practical strategies to help students manage and strengthen self-
assessment processes effectively.

Multimodal data

students are doing, thinking, and feeling while self-assessing (Andrade,
2019; Brown & Harris, 2014; Panadero et al., 2016), meaning that

The capacity to self-assess and revise performance is foundational to
self-regulated learning and learner agency (Andrade, 2010; Bourke,

2016). Students’ ability to self-assess can therefore support their aca-
demic achievement throughout their schooling and help them set and
pursue their personal and professional goals beyond school (Tai et al.,
2018; Yan et al., 2023). Formative assessment researchers have long
highlighted the importance of cultivating student self-assessment across
all years of education to support self-regulated learning and achieve-
ment (e.g., (Black & Wiliam, 2018); (Nicol & MacFarlane-Dick, 2006);
(Stobart, 2008)). However, despite being a global priority for education,
studies have continually shown that student self-assessment is one of the
least used formative assessment practices across education contexts
(Panadero et al., 2019a), 2020; (Veugen et al., 2021)). Teachers and
students in these studies consistently report a lack of guidance on sup-
porting students in developing their self-assessment processes, reflecting
a key gap in the literature: researchers have yet to fully illuminate what
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supporting students in developing their self-assessment processes via
tailored classroom interventions and pedagogical approaches is
implausible.

The present study sought to address a key gap in self-assessment
research by examining the cognitive and affective processes of stu-
dents using rubrics and exemplars to self-assess and revise their writing.
Using external indicators of success, namely rubrics and exemplars, is a
common self-assessment practice (Lipnevich et al.,, 2023). However,
how students process these resources is understudied. Investigating
these cognitive and affective processes can inform guidance for educa-
tors on supporting students with using rubrics and exemplars to
self-assess and improve their performance.

E-mail addresses: nathan.rickey@queensu.ca (N. Rickey), ernesto.panadero@dcu.ie (E. Panadero), cdeluca@queensu.ca (C. DeLuca), saad.chahine@queensu.ca

(S. Chahine).

https://doi.org/10.1016/j.stueduc.2026.101672

Received 21 December 2025; Received in revised form 19 August 2026; Accepted 27 August 2026
0191-491X/© 2026 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


https://orcid.org/0000-0002-0044-0204
https://orcid.org/0000-0002-0044-0204
https://orcid.org/0000-0003-0859-3616
https://orcid.org/0000-0003-0859-3616
https://orcid.org/0000-0001-5962-0827
https://orcid.org/0000-0001-5962-0827
mailto:nathan.rickey@queensu.ca
mailto:ernesto.panadero@dcu.ie
mailto:cdeluca@queensu.ca
mailto:saad.chahine@queensu.ca
www.sciencedirect.com/science/journal/0191491X
https://www.elsevier.com/locate/stueduc
https://doi.org/10.1016/j.stueduc.2026.101672
https://doi.org/10.1016/j.stueduc.2026.101672

N. Rickey et al.
1. Defining student self-assessment: a process view

While self-assessment has been described as a skill underpinning self-
regulated learning—i.e., a processes wherein learners manage their
cognition, affect, motivation, and behaviour in pursuit of their goals (e.
g., (Boekaerts, 1991))—it is increasingly also viewed as a process
involving thoughts, emotions, and actions that learners use to describe,
and possibly evaluate, the quality of their performance (Panadero et al.,
2016). This process-oriented view is especially helpful for developing
pedagogical approaches to supporting self-assessment, as illuminating
the self-assessment process can enable the development of tailored in-
terventions and pedagogical approaches for improving how students
self-assess. Our research is predicated on the assumption that under-
standing the cognitive and affective mechanisms involved in this process
can elucidate why and how self-assessment can have positive learning
benefits (Andrade, 2019), supporting the development of tailored ap-
proaches to teaching student self-assessment.

Recognising the importance of illuminating the self-assessment
process, researchers have begun to empirically identify the practices,
strategies, and criteria that students use during self-assessment
(Panadero et al., 2024; Yan & Brown, 2017). Based on qualitative in-
terviews with Master of Education students focused on how they
self-assess, Yan & Brown (2017) introduced a cyclical model of the
self-assessment process comprised of four self-assessment practices:
seeking external feedback via 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). Central to
this model were self-directed feedback seeking practices via internal (e.
g., gut reactions, emotions) and external (e.g., practice assessments,
rubrics, exemplars) resources which inform self-reflection and calibra-
tion of performance. Yan and colleagues have expanded and validated
this model using questionnaire methods in various education contexts
(Yan, 2018; Yan, 2020; Yan et al., 2020; Yang et al., 2023). Of the four
self-assessment practices, students’ use of external indicators of success
(e.g., rubrics, exemplars) in the performance phase of task completion
was the highest predictor of achievement on the task, signaling the
importance of students referring to external indicators to support
self-assessment during learning tasks (Yan, 2020). Using external in-
dicators of quality during the performance phase of task completion
appeared to be a particularly powerful self-assessment practice, likely
because it enabled students to revise and adjust their performance
before submitting their work.

Author and colleagues, taking another approach, have sought to map
how self-assessment unfolds as a process in real time by capturing think
aloud data from K-12 and university students engaged in self-assessment
(2020b, 2022, 2024). Their research culminated in a self-feedback
model involving three key phases. First, information processing in-
volves students reading resources (e.g., their work, the task instructions,
rubrics, exemplars) and recalling details about their performance. Sec-
ond, analysis involves drawing on internal (e.g., gut reactions) and
external (e.g., teacher) criteria, comparing performance to indicators of
quality (e.g., rubrics, exemplars, past performance), and redoing or
revising work (e.g., redoing a math problem to confirm a response,
revising an essay to see if it improves the essay). Third, self-assessment
judgement involves making an overall evaluation of performance,
possibly by drawing on the previous phases. This process emphasizes the
important role that students’ own work and external indicators of
quality, such as rubrics and exemplars, play in enabling students to
process information (e.g., reading their essays, reading a rubric) and
analyze their work (e.g., drawing on external criteria from a rubric) to
inform self-judgements. Further, by identifying and analyzing underly-
ing profiles of self-assessment, Panadero et al., 2024 argued that the
primary distinguishing feature of advanced self-assessment
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processes—the most sophisticated profile—was students’ deep engage-
ment in the analysis phase, namely by comparing their work to external
criteria and redoing or revising work to (dis)confirm their performance
and inform self-feedback. For example, redoing a math problem allowed
students to confirm the correctness of their answer, and thinking about
possible revisions an essay enabled students to understand how their
work could be improved. Redoing or revising work may engage students
in thinking more deeply about their work leading to enhanced
self-assessment and learning and is therefore an important part of the
process (Andrade, 2019).

Developed via different methodologies, these lines of research both
implicate drawing on external feedback in the form of indicators of
quality performance (e.g., rubrics, exemplars) as a particularly impor-
tant action within the self-assessment process. Additionally, they
implicate redoing or revising as an important part of the self-assessment
process, rather than an end goal or separate action, that can be effec-
tively supported using external indicators of quality. Last, these self-
assessment process models highlight the importance of students hav-
ing access to their work (e.g., given the prevalence of reading; (Panadero
et al., 2024) and generating self-feedback as part of the process. How-
ever, research on facilitating student self-assessment with resources,
such as rubrics and exemplars, indicates that how students engage with
these resources shapes the outcomes of self-assessment, warranting
further investigation of how students engage in these self-assessment
actions.

1.1. Supporting student self-assessment via rubrics and exemplars

While students may initiate self-assessment independently, educa-
tors can help students develop their self-assessment processes by
explicitly guiding them in self-assessment and providing them with tools
to help them self-assess (Panadero & Alonso-Tapia, 2013). A common
way that educators help students self-assess is to provide them with
external indicators of success criteria, namely rubrics and/or exemplars,
to help them contrast their work with these criteria to accurately assess
and revise their work (Lin-Siegler et al., 2015; To et al., 2021). Rubrics
can provide students with disaggregated descriptors of performance
related to success criteria across various levels of performance. Exem-
plars can provide students with a holistic understanding of levels of
performance and include concrete exemplars of success criteria, thereby
supplementing rubrics.

However, providing students with rubrics or exemplars to support
self-assessment does not guarantee learning benefits. Meta-analytic re-
views have identified widely varying effects on achievement associated
with the use of rubrics or exemplars to support self-assessment. The use
of rubrics to support self-assessment in K-12 contexts has been associ-
ated with both the highest and lowest effect sizes on achievement
(Brown & Harris, 2013), and a similar trend has been observed for
exemplar use in higher education (To et al., 2021). Much of this varia-
tion is likely explained by teachers’ pedagogical approaches to engaging
students with rubrics and exemplars (e.g., students’ training; (Brown &
Harris, 2013)). Using eye tracking and think-aloud data to study how
students use rubrics, Panadero et al., 2025 found that rubric design and
rubric-related feedback shaped rubric use, and that students’ visual
attention predicted their performance (unlike verbal references to rubric
levels)—leading the authors to conclude that effective rubric use
required instructional support. These studies indicate that the effec-
tiveness of rubric and exemplar use depends on how students use them.

To inform pedagogical approaches that facilitate effective use of
rubrics and exemplars during self-assessment, researchers must first
elucidate the cognitive and affective processes students are engaged in
when using these resources to self-assess (Andrade, 2019). Some
self-assessment research has associated variation in cognitive load with
the resources that students use to self-assess (e.g., rubrics, exemplars,
criteria checklists), and these studies signal that these resources, and
how students use them, can activate different cognitive and affective
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processing that shapes the outcomes of self-assessment.

Self-assessment research with implications for cognitive load offers
clear support that the outcomes of self-assessment are shaped by how
students cognitively and affectively engage in the self-assessment pro-
cess. Nursing students who used success criteria to self-assess have re-
ported higher cognitive load than students who self-assessed without
criteria, possibly because the presence of success criteria required stu-
dents to use more cognitive resources to interpret and apply the criteria
(Fastré et al., 2012). The use of criteria to self-assessment may therefore
increase germane cognitive load which can help learning. Another
experimental study found that students who used rubrics to self-assess
experienced lower cognitive load and were more accurate than those
who self-assessed without rubrics (Krebs et al., 2022). In this instance,
the lower levels of cognitive load experienced by the rubric group may
have reflected reduced extraneous cognitive load, which interferes with
learning, compared to the no-rubric group who had to think harder to
recall or generate criteria. Similarly, students who received feedback in
the form of a rubric during self-assessment have reported significantly
increased positive emotions and decreased negative emotions compared
to those who received only instructor feedback or a combination of
rubric and instructor feedback, suggesting that multiple self-assessment
resources may enhance extraneous cognitive load via deeper cognitive
processing (Panadero, 2023). Supporting this phenomenon, an experi-
mental study involving 200 high school students found that the com-
bined use of rubrics and exemplars was less beneficial for students’
writing performance than rubrics or exemplars alone, a finding the au-
thors attributed to the high extraneous cognitive load needed to use
multiple self-assessment resources (Lipnevich et al., 2023).

While cognitive load is not a focus of this study, the observed vari-
ance in cognitive load across studies signals the need to understand the
cognitive and affective processes associated with rubric and exemplar
use in order to support students in self-assessing with these resources.
Findings related to cognitive load in self-assessment indicate that using
rubrics and exemplars provokes underlying cognitive and affective
processes: variation in cognitive load across resources reflects mobili-
zation of cognitive and affective resources (Efklides, 2017). This
cognitive load may in turn affect the learning outcomes of engaging in
self-assessment using rubrics and exemplars (e.g., (Fastré et al., 2012;
Lipnevich et al., 2023), limiting learning when it is extraneous or pro-
moting learning when it is germane. Yet, what students are thinking and
feeling as they use rubrics and exemplars to self-assess—i.e., the
cognitive and affective processes themselves—are understudied, mean-
ing that supporting students in using rubrics and exemplars to self-assess
and revise their performance is implausible. Research is needed to un-
cover the cognitive and affective processes underlying variations in
germane and extraneous cognitive load to generate practical implica-
tions for supporting student self-assessment.

1.2. Cognitive and affective processes

Cognition and affect are determined by distinct brain architectures
but are highly linked in operation (Altmann et al., 2012; Muja &
Appelbaum, 2012). Affective states (e.g., emotions, moods) are multi-
componential and include a (meta)cognitive component. For example, a
student experiencing anxiety experiences the physiological effects of
anxiety alongside thoughts about the anxiety and the reasons they are
experiencing it. There is a bi-directional relationship between cognition
and affect, where thoughts can provoke affective states, and vice-versa
(Fiedler & Beier, 2014). Metacognitive experiences, such as feelings of
difficulty, often follow or precede an affective state (e.g., frustration)
and provoke cognition about the feeling of difficulty (e.g., noting pro-
cessing disfluency as a heuristic for self-assessment; (Efklides, 2017);
(Reber & Greifeneder, 2017)). Therefore, it can be difficult to opera-
tionally separate cognition and affect as these processes are deeply
interrelated.

Additionally, examining an affective component of self-assessment
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seems to be important, as affect is theorized to play an important role
in self-assessment. Affect can enforce biases about oneself via perceptual
distortion and illogical interpretation (Muja & Appelbaum, 2012).
Additionally, Sitzmann et al. (2010) found, via a meta-analysis, that
self-assessment was more closely associated with affective than cogni-
tive outcomes, reinforcing that there is a strong connection between
self-assessment and affect. Affective states may therefore be just as
important as cognitive ones in shaping students’ self-assessment pro-
cesses and should be examined.

1.3. Multimodal approach and joint display integration

Elucidating students’ cognitive and affective processes as they use
rubrics and exemplars requires capturing students’ thinking as they are
engaged in self-assessment (Panadero et al., 2024). Since, in our theo-
retical conceptualization, we frame self-assessment as a process, it was
important to collect data during the self-assessment process—i.e., via
online measures—in order to uncover the hidden mechanisms under-
lying the self-assessment process and generate empirical evidence of
concurrent actions that comprise the process (Panadero et al., 2023).
Researchers have explicitly called for the use of online measures and
multimodal data to examine self-assessment processes (To et al., 2021;
Yan et al., 2020). Online measures collect data when learning is
happening; examples include think aloud protocols, eye tracking, digital
trace data, and physiological measures (Panadero et al., 2023). They
contrast offline measures which collect data before or after learning (e.
g., interviews, questionnaires; (Chevrier et al., 2019)). Online measures
are uniquely capable of capturing fleeting thoughts and feelings that
characterize a learning process—thoughts and feelings that learners
often forget or which elude learners’ awareness (Winne et al., 2019).
Research has demonstrated that online measures can inform more
granular and veridical understandings of learning process (Beheshitha
etal., 2015; Callan & Cleary, 2018; Schellings et al., 2013). Therefore, in
this study, we used online measures to capture students’ cognitive
processes unobtrusively and in real time.

When using online measures, researchers have stressed the value of
using multimodal data to inform justified interpretations of cognitive
processes (Hadwin et al., 2007; Winne, 2018). Multimodal approaches
combine multiple channels of online data, each of which can inform
interpretations of the others when they are triangulated (Panadero et al.,
2023). Eye tracking can illuminate what visual resources a learner is
cognitively processing; think alouds can reveal what learners are
thinking when processing specific visual resources (Jarvela et al., 2021).
Using a multimodal approach enabled us to assess participants’ resource
use & interpret how they were processing those resources.

In a multimodal approach, triangulation of different data sources is a
key consideration and involves using multiple sources of data together
that provide information about the same process (Panadero et al., 2023).
Joint display is an approach to data integration which aligns and
quantitative and qualitative data to inform meta-inferences—i.e., in-
sights generated from comparing and analyzing qualitative and quan-
titative findings together (Creswell, 2021). By displaying quantitative
eye tracking data (i.e., gaze durations) with think aloud data, we
elucidated the differential cognitive and affective processes underpin-
ning students’ use of rubrics, exemplars, their essays, and self-generated
feedback.

1.4. Aim, research question, and multimodal approach

In this study, our aim was to advance self-assessment theory by
articulating the cognitive and affective processes students activate when
using key self-assessment resources, namely rubrics and exemplars but
also their own work. This aim addressed a fundamental gap in self-
assessment in self-assessment theory and generating practical insights
to help teachers co-regulate students’ cognitive load and effective
engagement in self-assessment. This study is fundamentally exploratory
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and aims to contribute to self-assessment theory by identifying what
cognitive and affective processes underpin students’ use of common self-
assessment resources. Such exploratory work contributes to descriptive
aspects of theory by more fully articulating the facets of a phenomenon,
critically advancing theory development (Greene, 2022). In the absence
of a complete theory of the cognitive and affective processes of
self-assessment, exploratory descriptive work is needed first identify
these processes and then guide subsequent explanatory research that
examines relationships between these processes and different conditions
and academic performance (see Greene, 2022). Therefore, examining
these relationships was beyond the scope of this research. To address
this aim, this study was guided by one research question:

What are the cognitive and affective processes of students using ru-
brics, exemplars, and their essays to self-assess their writing?

We employed a multimodal approach, triangulating eye tracking and
think-aloud data to investigate what visual resources students attend to
during self-assessment and what they are thinking—i.e., cognitive and
affective processes—while looking at them.

2. Method

To examine students’ cognitive and affective processes as they used
resources to self-assess, we employed a convergent parallel mixed
methods design. This approach involved collecting qualitative and
quantitative data concurrently and then subsequently mixing them
primarily through joint displays to inform inferences (Creswell & Clark,
2018). Ethics clearance for this study was granted by institutional
research ethics boards. All participants actively consented to participate
in the study prior to data collection.

2.1. Participants

We recruited 25 English-speaking international students from mul-
tiple courses at a university in Spain to participate in this study. The
majority of participants identified as female (n = 16), followed by males
(n = 8) and one was another category. Most (n = 18) of the participants’
ages ranged from 20 to 30, with the remaining being older than 30.
Participants were studying in a range of disciplines, with largest repre-
sentations from the social sciences (n = 6), engineering (n = 4), hu-
manities (n = 3), and business (n = 3); other disciplines represented
were sciences, languages, communications, design, and energy. The
sample was diverse, including participants from 15 different countries
across four continents: 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 participants were white
(n = 15) 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). Ten
of the participants (40%) spoke English as a first language—the largest
language group—while the rest had various other first languages but
were proficient and studying in English.

2.2. Capturing cognitive and affective processes

All data were collected in a controlled lab setting to standardize the
conditions of data collection. We captured participants’ cognitive and
affective processes while they self-assessed their own writing using eye
tracking (Stark et al., 2018) and a gaze-cued combined think and emote
aloud protocol (Chevrier et al., 2019; Craig et al., 2008; McIntyre et al.,
2022). Eye tracking provided insights into what visual resources par-
ticipants attended to and for how long, indicating what resources they
were cognitively processing (Genc Aksaray and Ozcelik, 2022;
Holmgqvist et al., 2023). We used a Tobii Pro Fusion screen-based eye
tacking system (sampling rate 250 Hz) to collect eye tracking data,
including gaze coordinates, fixations, gazepaths, saccades, and pupil
dilation (Tobii Pro AB, 2014b). To optimize the validity of
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interpretations of eye tracking data, we instructed participants to wear
no makeup during the data collection and we ensured the lab environ-
ment, including the lighting, equipment positions, and monitor tempo-
ral and spatial resolution, were consistent across participants.

While eye tracking can indicate what visual resources participants
are likely processing, think alouds can provide insights into what par-
ticipants are thinking about and feeling when looking at visual resources
(Chevrier et al., 2019). We used a retrospective think aloud protocol,
despite their reliance on participants’ ability to recall information, to
avoid imposing extraneous cognitive load on research participants. Re-
searchers have found that, when participants are engaged in complex
cognitive tasks such as self-assessment, verbalizations produced by
concurrent think alouds were of lower quality and lower frequency than
to those elicited by cued retrospective ones possibly due to extraneous
cognitive load (Beach and Willows, 2017; van Gog et al., 2005). We
included a gaze cue (i.e., participants’ real time gazepath) to provide a
fine-grained visual reminder of what aspects of each resource partici-
pants were looking at. Additionally, retrospective think alouds which
included a gaze cue have been shown to be the optimal form of think
aloud for helping effective learners understand their own
self-assessment process (Kostons et al., 2009).

2.3. Data collection procedure

2.3.1. Pre-writing and demographics

The data collection procedure occurred in two parts. First, partici-
pants came individually to a study lab to prepare a writing sample to
self-assess. Participants completed a demographics questionnaire which
included variables related to eye tracking (e.g., use of eyeglasses). We
provided participants with a standardized instruction sheet to ensure
participants received consistent instructions and allotted time. Partici-
pants were asked to respond to the prompt: “Write an essay in English
about your experiences living and studying in a new country.” The in-
struction sheet included suggested writing topicss (i.e., examples of
things participants could address in their essays) and a list of criteria
participants would later use to self-assess their writing. Participants
were given 20-30 min to write their essays.

2.3.2. Student self-assessment task instructions

Later, participants returned to the study lab to self-assess their essays
for the second part of the data collection procedure. First, we reminded
participants of the purpose of the study and provided training on the
think aloud protocol. Participants then completed a questionnaire to
provide data on their initial states (e.g., academic control, task value,
self-assessment self-efficacy). Data from the questionnaire were used for
a separate study and are not reported on here. Next, we provided in-
structions for the self-assessment task. We instructed participants to,
using a study computer, review their essays and try to provide them-
selves with written self-feedback and/or revise their essays. We showed
participants where they could open on the computer screen several re-
sources to help them self-assess and revise their writing: a validated
writing analytic rubric, two contrasting exemplars (i.e., mastering and
developing levels), the task instructions, a blank document for writing
self-feedback or making notes, and their own essay (tracked changes
enabled). The participants were not given access to the writing rubric or
exemplars before the self-assessment task. The writing rubric was
adapted from a validated writing assessment included in the Diagnostic
Assessment and Achievement of College Skills (Bryer et al., 2025). The
contrasting exemplars were developed based on the rubric levels and
validated for alignment with the rubric by independent researchers. The
word counts were not matched across the resources to maintain their
authenticity; however, gaze fixation durations were weighted by word
count to control for the number of words (see Quantitative Data Anal-
ysis). Participants received scripted instructions for the self-assessment
to ensure consistency.

Since researchers have identified multiple different self-assessment
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profiles (Panadero et al., 2024) and a wide variety of ways that students
and educators can engage student self-assessment (e.g., (Panadero et al.,
2016; Brown and Harris, 2013)), we did not standardize the
self-assessment process. For example, we did not standardize what re-
sources participants should use and for how long. Instead, we viewed
participants as agentic learners (Winne et al., 2019) and allowed them to
self-assess however they liked, using whatever resources they wanted to
for any amount of time they wanted in order to more closely replicate an
authentic learning context and enhance ecological validity, given our
aim to inform practice.

2.3.3. Equipment calibration and eye tracking

Once participants’ questions were answered, we calibrated the eye
tracking system to optimize the validity of eye tracking data. We
repeated calibration until we achieved acceptable average validation
results across all calibration targets (i.e., > 80%). During calibration, we
helped the participants establish a comfortable and sustainable head
position and asked them to maintain that head position throughout the
self-assessment process once the eye tracker was calibrated. Tobii’s I-VT
Fixation Filter algorithm accounts for natural head movements in
identifying fixations; however, we asked and reminded participants to
maintain a consistent head position throughout the self-assessment to
minimize data loss resulting from head movements (Tobii Pro AB,
2014b).

Once the eye tracker was calibrated, we reminded participants of the
self-assessment instructions and participants then completed the self-
assessment task. Participants’ self-assessment processes ranged in
length from approximately 7-45 min (M = 16.63, SD = 8.03). We did
not standardize the duration of the self-assessment task because doing so
risked artificially inflating or suppressing the amount of time partici-
pants spent fixating on the resources. The variability reflects authentic
differences in how learners naturally engage with self-assessment tasks.
This heterogeneity does not affect our interpretations of fixation pat-
terns because, given the exploratory purpose of this study, we analyzed
fixation patterns in terms of absolute and weighted fixation duration,
illuminating sample-level descriptive patterns of resource use rather
than between-participant or between-group comparisons (see Quanti-
tative Data Analysis). Each participant’s self-assessment process was
screen-recorded and eye tracking was recorded using the Tobii Pro
Fusion screen-based eye tracking system. Eye tracking data were
concurrently integrated into the screen recoding files using Tobii Pro
Lab software (version 1.181; Tobii Pro AB, 2014), allowing the gaze path
to be visualized in the screen recordings for the gaze cued retrospective
think alouds.

2.3.4. Think aloud protocol

Immediately after completing the self-assessment task, participants
engaged in a gaze-cued retrospective think and emote aloud protocol
where they watched the complete screen recording of their self-
assessment process and verbalized what they were doing, thinking,
and feeling (Beach and Willows, 2014; Chevrier et al, 2019). We
instructed participants to view the entire recording and continually
share aloud what they were doing, thinking, and feeling. We asked
participants to try to talk continuously and we prompted them to keep
talking if they were silent for 30 s, following Panadero et al. (2024).
Think alouds were audio-recorded superimposed in the screen recording
files. After completing the think alouds, participants engaged in a brief
semi-structured interview where we asked them questions about ideas
that emerged during their think alouds to help us more accurately
interpret the think aloud data.

2.4. Quantitative data analysis
To investigate what resources participants attended to during self-

assessment, and for how long, we calculated fixation durations for five
areas of interest (AOIs): rubric, mastering exemplar (i.e., an exemplar of
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writing aligned with mastering, the highest level of performance on the
rubric), developing exemplar (i.e., an exemplar of writing aligned with
developing, the lowest level of performance on the rubric), essay, and
self-feedback (see Figs. 1 and 2). Eye tracking data were analyzed using
Tobii Pro Lab software (version 1.181; Tobii Pro AB, 2014a). We defined
dynamic AOIs in each participant’s screen recording, which can be
moved to follow an object’s location in a screen recording, and calcu-
lated the total fixation durations in milliseconds for each of the AOIs.
Fixations were identified using the Tobii I-VT Fixation Filter algorithm
(Tobii Pro AB, 2014b).

2.5. Qualitative data analysis

We employed inductive thematic analysis (Thomas, 2006) to identify
cognitive and affective processes in the think aloud data. Qualitative
analysis of think aloud data is well suited to capturing individual dif-
ferences in thinking and supporting theory development (Charters,
2003), two benefits that aligned with the objectives of this research.
Coding was primarily conducted by the first author with guidance in the
form of thematic review and refinement from the other authors and
self-assessment researchers. Additionally, a small panel of three
self-assessment researchers, comprised of graduate students and pro-
fessors with experience using think aloud data to analyze students’
self-assessment processes, reviewed the codebook during development
and provided feedback and guidance.

The analytic process was conducted in 4 main parts. First, the first
author read the complete think-aloud data to develop a holistic under-
standing of the data. Second, by cross-referencing timestamps in the eye
tracking AOI data and think aloud recordings, the first author sorted all
the text according to the active AOI Coding of text was informed by the
active AOI which provided important context for interpreting partici-
pants’ meaning. Additionally, participants’ utterances typically indi-
cated which AOI they were looking at. Third, they identified utterances
related to the study objective and delineated units of text that contained
one distinct idea (i.e., units varied in length), following a coding pro-
cedure developed by Campbell, Quincy, Osserman, and Pedersen
(Campbell et al., 2013). Fourth, the first author coded each unit ac-
cording to the idea expressed and categorized units into codes based on
logical association. Multiple iterations of this coding process and dis-
cussion among the co-authors were conducted until a consensual
interpretation of the data emerged which informed a final codebook
(Thomas, 2006). The final codebook was then presented to a small re-
view panel of three expert self-assessment researchers, comprised of
graduate students and professors with experience using think aloud data
to analyze students’ self-assessment processes, who provided feedback
to inform final refinement of the codebook. The first author then reco-
ded all the data with the finalized codebook.

To assess interrater reliability, we calculated Cohen’s kappa (K) be-
tween the first author and a trained rater who independently coded 10%
of the think aloud data. The first author trained the rater to use the
coding protocol and provided the data with units of meaning delineated,
following Campbell et al. (Campbell et al., 2013). The rater then coded
the data independently using the final codebook to code each unit of
meaning. The Cohen’s kappa (K) value was 0.77 (p < .001), indicating a
substantial level of agreement between the raters.

2.6. Data mixing via joint display integration

To mix the quantitate eye tracking and qualitative think aloud data,
we used joint display integration to present codes—i.e., cognitive and
affective processes—participants expressed when looking at each AOIL
In mixed methods research, joint display is a method of data mixing
which typically involves a graph or table that includes results from both
the quantitative and qualitative databases which have been analyzed
separately. Joint display allows mixed methods researchers to move
beyond sequential discussions of results from each type of data. By
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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 ;7. ane 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).

Fig. 1. An Example Dynamic Area of Interest (AOI): Rubric.

visualizing the quantitative and qualitative findings together, joint dis-
plays allow researchers to draw meta-inferences about the relationship
between the two databases (Creswell, 2021). Joint displays have been
used to support advances in psychology, health sciences, and education
research (Bustamante, 2019; McCrudden et al., 2021).

Researchers have documented various joint display integration ap-
proaches that have been used in research (Guetterman et al., 2015).
Joint displays can be used to support data collection or data analysis
(McCrudden et al., 2021). McCrudden et al. (McCrudden et al., 2021)
identified five distinct mixing purposes which joint display may address:
triangulation, to investigate different aspects of the same phenomenon;
complementarity, to use findings from one form of data to clarify or
enhance findings from another; development, to inform decisions about
another form of data; initiation, to identify contradictions between
findings from two forms; and expansion, to use findings from both to
investigate two different phenomena. In our study, we mixed data for a
complimentary purpose: we wanted to display think aloud themes
alongside AOI fixation durations to generate insights about what par-
ticipants were thinking when looking at each AOIL In this way, eye
tracking and think aloud data complemented each other, with eye
tracking indicating what visual resources participants thought about,
and for how long, and think aloud data illuminating participants’ latent
cognitive and affective processes associated with each visual resource.

Different mixing purposes may be supported by different types of
joint displays. To address a complementary mixing purpose, we created
an integrated results matrix, which researchers use to show quantitative
and qualitative results side by side to compare findings and generate
meta-inferences (McCrudden et al., 2021). Meta-inferences go beyond
inferences that can be made from findings from a single methodical
tradition; they are generated and substantiated through comparing data
from different methodological traditions (Creswell, 2021). Using an
integrated results matrix to generate meta-inferences supported our
complementarity purpose, enabling eye tracking and think aloud data to
inform interpretations of the other that would be unsupported by only
one of these forms alone (e.g., what participants were thinking about

when looking at the rubric).
3. Results

Table 1 presents the integrated results matrix of our quantitative eye
tracking and qualitative think aloud findings. The three leftmost col-
umns indicate the AOI and quantitative fixation durations. We included
both absolute fixation durations for each AOI and weighted fixation
durations, which we calculated by dividing the total fixation duration
for each participant by the number of words on each AOI and then
summing those values across participants. In essence, the weighted
durations reflect the amount of time participants spent fixating on each
AOQI distributed across the number of words. The weighted fixation
durations account for the differing number of words in each AOI, which
may have influenced the time participants spent looking at each AOL As
shown in the integrated results matrix, participants spent the most time
looking at the essay (97.13 mins), followed by the self-feedback space
(32.86 mins), the rubric (15.39 mins), the mastering exemplar
(13.81 mins), and the developing exemplar (4.23 mins). This pattern
held true in the weighted durations, with the exception that participants
spent more time on the developing exemplar (2.33) than the mastering
exemplar (1.72) when accounting for the word counts. Fixation dura-
tions from eye tracking data suggest that participants spent the most
time cognitively processing their essays and self-feedback. In terms of
self-assessment resources, fixation duration was highest for the rubric
and lowest for the developing exemplar.

In the two rightmost columns, we present the codes that emerged
from our inductive analysis of the think aloud data. We identified 17
codes in total. These codes articulate participants’ cognitive and affec-
tive processes when they were fixating on each resource, as indicated by
eye tracking data. We included representative quotations to illustrate
each cognitive and affective process.

Our analysis indicates that, when processing the rubric, participants
engaged four distinct cognitive and affective processes: focusing on
relevant information; remembering criteria; comparison: systematic
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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 ?raétg;grgx ?\t\napllf{ly 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.

Fig. 2. An Example Dynamic Area of Interest (AOI): Mastering Exemplar.

consideration of each criterion; and overwhelm. Focusing on relevant in-
formation involved participants making decisions about which criteria
or descriptors were most relevant and thinking about those. At the same
time, participants’ cognitive processing was directed at remembering
criteria as described in the rubric so that they could apply the criteria to

their own essays. Beyond merely holding criteria in working memory,
participants also compared their essay to the criteria in the rubric by
systematically considering each criterion. For example, one participant
shared, “I decided to first write like every dimension on how to grade the
text down” and proceeded to evaluate their essay against each criterion
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Table 1

Integrated Results Matrix of Eye Tracking and Think Aloud Findings.

AOI Fixation
Duration
(min) Duration

)

Weighted
Fixation

Cognitive and
Affective
Processes

Representative
Quotations

Essay 97.13 36.76

Self- 32.86
Feedback

28.17

Searching for
mistakes or areas
for improvement

Remembering
their work

Managing
distractions

Confusion,
enjoyment, and
frustration

Actualizing their
own self-
assessment
processes

Reflecting on the
role of bias

Self-forgiveness

“I was finding
parts that can
improve, going
through all the
essay.”

“I tried to find
some letter errors
and spelling
mistakes. I was
reading this time
as a like a
teacher.”

“I'm reading the
essay that I wrote
first because I
want to remember
what I have
written.”

“And it’s slightly
frustrating
because I wasn’t
able to read it
through without
stopping to edit
something, I
would've rather
have just been
able to read and
read it through in
one pass.”

“I was a little
confused or
unknowing if this
was right.”

“I felt good about
editing this
because I felt like
this was one of the
better
paragraphs.”
“And here I was
very frustrated by
the way I phrased
that.”

“From my
experience, I need
to write down all
my feedback
because otherwise
I’'m coming up
with my next
thought and thenI
forget that and
then I'm really
upset.”

“Maybe I should
be more critical of
myself, 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.”
“Yeah, and I tried
to tell myself at
the end, it doesn’t
really matter that
much, so I don't

Table 1 (continued)
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AOI

Fixation
Duration
(min)

Weighted
Fixation
Duration

)

Cognitive and
Affective
Processes

Representative
Quotations

Rubric

Mastering
Exemplar

15.39

13.81

6.81

1.72

Focusing on
relevant
information

Remembering
criteria

Comparison:
systematic
consideration of
each criterion

Overwhelm

Curiosity

Resonance

Comparison:
adopting or
discarding
approaches with
consideration of
personal style

know, I tried to do
something.”

“I focus more on
the emerging and
mastering
sections because I
believe my work
will probably be
between either
one of those
sections of the
rubric.”

“To make sure
that I did not miss
any important
points that I
wanted to touch
upon in my
feedback.”

“So I would just
look at the
category piece
and then read
through my text
quickly with a
critical eye to see
where [ would put
it.”

“I was a little bit
overwhelmed to
be honest with
this table.”

“I found it very
interesting to kind
of compare and to
see different ways
of approaching it
and how different
people had
written about.”
“The way it was
written made me
feel better
because it was
easier to
understand and I
was feeling more
interested.”

“It was more like
reading a book. It
was better to read
easier. And
interesting too. I
was way more
interested in this
one. And I was, I
know I was
nodding. I was
agreeing.”

“And then with
reading that
paper, I felt pretty
sure that mine
was also well
written, even
though the
approaches were [
would say
completely
different. And
then I would say
the middle part of
this paper, I

(continued on next page)
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Table 1 (continued)

AOI Fixation Weighted Cognitive and Representative
Duration Fixation Affective Quotations
(min) Duration Processes
(s)
noticed that this
person just has I
would say a
different writing
style or maybe a
different
background in
academia.”
Developing 4.23 2.33 Comparison: “I thought to
Exemplar confidence myself, it has
building pretty common

basic mistakes it
has. But I know
that this is not my
writing.”

“And here I knew
it was a lot better
than the
developing text.”

one at a time. Overall, these codes highlighted the large amount of in-
formation contained in the rubric to process, which participants also
expressed in a code related to affect: overwhelm. Participants expressed
feeling overwhelmed with the amount of information in the rubric, and
their cognitive processes reflected their efforts to focus on and extract
the most helpful information to manage overwhelm. Overall, when
looking at the rubric, participants engaged in a range of cognitive and
affective processes aimed at consolidating and making sense of dis-
aggregated information within the analytic rubric.

Cognitive and affective processes participants experienced when
viewing the mastering exemplar included curiosity, resonance, and
comparison: adopting or discarding approaches with consideration of per-
sonal style. Participants verbalized high levels of interest when reading
the mastering exemplar, which we coded as curiosity—an epistemic
emotion (Pekrun and Perry, 2014). Curiosity was provoked by the
content of the exemplar essay, e.g., “well, more of curiosity really to see
what had been written,” and when participants were interested in how
another person approached the essay task, e.g., “it’s interesting to see
how my perception of the conclusion is highly different.” Participants
experienced resonance when they felt the exemplar described experi-
ences similar to ones they had while studying abroad. When viewing the
mastering exemplar, participants also engaged in comparison processes;
however, the comparison process was concerned with considering
which approaches they might adopt in their own writing that would
maintain their own personal writing style. For example, when fixating
on the mastering exemplar, one participant shared, “Yeah, so here I'm
thinking what to compare with, then just trying to capture in general this
style or approach of moderate level.” The exemplar, which synthesized
and exemplified the elements in the rubric, provided a holistic indicator
of performance that provoked participants to think of alternative ways
to achieve mastering writing.

During the relatively short time participants spent processing the
developing exemplar, they expressed a cognitive and affective process of
comparison: confidence building. Participants perceived that their essays
were stronger than this exemplar, which was a source of confidence for
them. For example, one participant fixating on the developing exemplar
shared, “I don’t think that my work was quite like this, I feel like it was a
little bit better than that.” While we only coded one cognitive and af-
fective process associated with the developing exemplar, building con-
fidence via favourable comparison supported positive evaluations of
performance and helped participants more precisely situate their work
relative to the available indicators of performance (i.e., rubric,
mastering and developing exemplars).
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While viewing their own essays, participants verbalized six cognitive
and affective processes: searching for mistakes or areas for improvement,
remembering their work, managing distractions, enjoyment, confusion, and
frustration. Participants read their essays with specific goals in mind,
such as searching for errors to correct or identifying ways to develop
their writing. For example, as one read their essay, they shared, “And
then I think I'm just having one more read through to check with any-
thing that I wanted to change.” As participants read their essays or
searched for ways to improve them, they became distracted by cor-
recting minor errors (e.g., typos) or thinking about ways to reword
sentences they disliked. One participant articulated noticing and man-
aging distractions when they shared, “Here I was time after time re-
reading the text and realizing this word stuff, and I would lose focus.”
Participants experienced confusion and frustration when they detected
that they were being distracted from prioritizing high-impact revisions
and feedback, and when they were unable to resolve a perceived issue in
their essay. They also experienced enjoyment when they read about
their own positive experiences and when they could resolve an issue in
their essay and, e.g., “I was happy about that to be able to give that kind
of feedback.” The cognition and affect provoked by the essay were
highly interrelated and predicated on a tension between their initial
goals and perceived issues that arose as they read their essays.

Last, when viewing their self-feedback, participants expressed three
cognitive and affective processes: actualizing their own self-assessment
processes, reflecting on the role of bias, and self-forgiveness. Participants
reflected on how they normally self-assess, or their level of experience
with self-assessment, when approaching their self-feedback, and
selected strategies that they normally use (e.g., writing down feedback
immediately when they think of it, creating a bullet point list). Partici-
pants also reflected on their biases, considering whether they were being
too harsh or too lenient in their self-feedback and questioning their
accuracy, e.g., “there were no major grammar vocabulary errors, but
this is also my, like, assessment, so I don’t know.” Participants also
considered the full context of the essay writing process to practice self-
forgiveness: “I accepted that I'll never be perfect. I'm not trying to
achieve perfect. I just focused on bettering my writing.” The cognitive
and affective processes associated with the self-feedback space appeared
to center on metacognitive expressions about the self-assessment process
itself which helped students to construct and emotionally process self-
feedback.

4. Discussion

Research has begun to unpack what learners do when self-assessing.
This study makes an important contribution to theories of the self-
assessment process (Panadero et al., 2024; Yan & Brown, 2017) by
elucidating what students are thinking about and feeling when they use
typical resources to self-assess and revise their writing—i.e., rubrics and
contrasting exemplars, in addition to their own reflective essays and
self-feedback. Joint display integration of eye tracking (i.e., AOI fixation
durations) and think aloud data generated key meta-inferences about
the cognitive and affective processes participants engaged in when
looking at self-assessment resources, supporting implications for
research and practice. In this discussion, we address our research
question and discuss implications for self-assessment, internal feedback,
and cognitive load theory. We then conclude with a focus on key im-
plications for practice and directions for future study.

4.1. What are the cognitive and affective processes of students using
rubrics, exemplars, and their essays to self-assess their writing?

Our findings contribute to self-assessment theory by elucidating the
cognitive and affective processes students may engage in when using
common resources to self-assess. Our joint display indicated that par-
ticipants engaged in distinct comparison processes when using the
rubric and both exemplars: the rubric provoked systematic comparison
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between each criterion and participants’ essays; the mastering exemplar
provoked a focus on differences in writing styles or approaches; and the
developing exemplar provoked feelings of confidence through positive
caparisons to participants’ essays. Participants employed strategies (e.
g., focusing on relevant information) to make sense of disaggregated
information in the rubric while navigating feelings of overwhelm—a
finding supported by research that signaled that students visually pro-
cess rubrics strategically, focusing initially and primarily on top per-
formance descriptors (Panadero et al., 2025). Processing their essays
was characterized by participants trying to focus on important revisions
while being distracted by minor errors. When processing their
self-feedback, participants were concerned with generating fair and
balanced feedback, considering the context of their writing (e.g., limited
time, a new genre) to forgive perceived shortcomings.

These findings build directly on current self-assessment process
theories (Panadero et al., 2024; Yan & Brown, 2017). By elucidating the
cognitive and affective processes that underpin the use of key
self-assessment resources, our findings provide insight into how students
engage in important self-assessment practices and actions. Since we
examined how students generated self-feedback and revisions using
rubrics and exemplars in real time, our findings offer particular insights
into the cognition and affect underpinning seeking external feedback via
monitoring, a self-assessment practice that has been identified as a
predictor of academic achievement when used in the performance phase
of task completion (Yan, 2020). This practice appears to be primarily
driven by distinct types of comparison processes that are provoked by
specific types of resources. Educators may do well, therefore, to focus on
developing students’ comparison processes, helping them select and use
specific processes depending on the type of resource. For example, ed-
ucators could help students using high-quality exemplars of writing to
brainstorm ways that they can approximate the quality of the exemplar
in their own writing style. Supporting these underlying comparison
processes will require educators to help students make their thinking
explicit so they can intervene and support as needed (Panadero et al.,
2019b; Nicol, 2021).

Further, we situate our findings within Panadero et al's (2024)
self-feedback model to offer insights into the cognitive and affective
processing underlying the three phases of the self-assessment process:
information processing, analysis, and self-assessment judgements. In the
information processing phase, when students are bringing together in-
formation from their essays, rubrics, and exemplars that they can use to
analyze and generate self-feedback about their work, students may be
engaged in the cognitive and affective processes we identified in relation
to reading and recalling information about their work. When processing
information about their essays, these processes include searching for
areas for improvement, remembering their work, managing distractions,
and feelings of confusion, enjoyment, and frustration. When processing
information in rubrics, students may try to focus on relevant informa-
tion, remember the criteria, and manage feelings of overwhelm. When
processing information about high quality exemplars, they may expe-
rience feelings of resonance and curiosity. Comparison is a key action in
the analysis phase, and when students use rubrics to provoke compari-
sons, they may engage in systematic comparison between their essays
and each individual criterion. Conversely, when using high-quality ex-
emplars, they may attempt to compare their work holistically and
consider ways to match the quality while maintaining their writing
style. Comparisons with low-quality exemplars may provoke positive
appraisals of their work, possibly enhancing their self-efficacy and
persistence with self-assessment (Panadero et al., 2017; Ross, 2006).
Last, some of the cognitive and affective processes we observed relate to
the self-judgement phase, where students arrive at an overall judgement
about their work based on the information the processed and analyzed.
When participants generated self-feedback in our study, they aimed to
actualize their own personal self-assessment processes, reflected on the
role of bias in their self-feedback, and practiced self-forgiveness,
considering the context and relative importance of their essays to keep
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their feedback in perspective. By understanding these underlying
cognitive and affective processes across the self-feedback model, edu-
cators can help students engage in these processes effectively to support
students in processing information, analyzing, and generating feedback
about their work.

4.1.1. The role of comparison in internal self-feedback

The meta-inferences from our joint display integration illuminate
important cognitive and affective processes that drive internal feedback,
signaling that rubrics and exemplars provoked distinct types of com-
parison. Researchers have theorized that a core mechanism of internal
feedback is learners making comparisons between their work and
external feedback (Panadero et al., 2019b; Butler and Winne, 1995;
Nicol, 2021). Our findings suggest distinct types of comparison that may
be driven by different resources. When using rubrics, students might
compare their work against one criterion at a time. Exemplars of
high-quality performance may encourage students to balance achieving
the same quality of the exemplar while maintaining personal style. Ex-
emplars of low-quality performance, conversely, may inspire confidence
in students, which could support motivation. The distinct comparison
processes make sense given that analytic rubrics disaggregate elements
of successful performance while exemplars provide a holistic sense of
successful performance.

Researchers have theorized that exemplars can provide students with
concrete examples of rubric descriptors, which can be abstract, and that
using contrasting exemplars can help students more accurately self-
assess by demonstrating concrete differences between performance
levels (Lin-Siegler et al., 2015). Notably, we found little evidence that
participants used the exemplars to understand abstract criteria in the
rubric or compare the two contrasting exemplars to orient their under-
standing of different levels of performance. We only found two instances
where participants explicitly compared the two exemplars, and one
instance where a participant explicitly compared the rubric and the
exemplars. Exemplars can provide a holistic understanding of perfor-
mance quality to compliment the analytical, disaggregated under-
standing articulated in rubrics. Yet, we found little evidence of students
making direct comparisons between the exemplars and the rubric, sug-
gesting that comparisons tended to be between students’ own work and
resources rather than different types of resources. Considering the par-
ticipants in this study were international university students and
therefore likely highly effective and self-regulated learners, these find-
ings signal that it could be beneficial for educators at all levels to guide
students in using exemplars to identify concrete examples of abstract
criteria articulated in rubrics, and to compare contrasting exemplars to
support self-assessment accuracy.

4.1.2. Sources of cognitive load in self-assessment

Our joint display integration facilitated meta-inferences about
possible sources of cognitive load when using rubrics and contrasting
exemplars to self-assess writing. Findings may therefore help explain
variance in cognitive load students experience when using different
types of resources to self-assess (Fastré et al., 2012) and how rubrics can
provoke strong emotional reactions (Panadero, 2023). Managing feel-
ings of overwhelm and curiosity while grappling with demanding
comparative processes—e.g., systematically comparing each rubric cri-
terion to the essay; matching the level of performance of an exemplar
without comprising personal writing style—could explain the increased
cognitive load students have reported when using both rubrics and ex-
emplars (Lipnevich et al., 2023). Additionally, when reviewing their
essays, navigating a tension between achieving self-assessment goals (e.
g., to identify areas for improvement) and addressing surprising things
they encounter as they read (e.g., typos) could increase cognitive load
students experience when self-assessing their writing. When students are
generating and reviewing self-feedback, they may be engaged in meta-
cognition about the influence of bias or managing emotions by prac-
ticing self-forgiveness, both cognitive and affective processes which may
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increase cognitive load.

Being aware of these sources of cognitive load during self-assessment
can help educators support students in using rubrics and exemplars
effectively. While cognitive load can reflect beneficial deep thinking
(Fastré et al., 2012), extraneous cognitive load can lead to frustration
and disengagement, limit students’ self-assessment accuracy, and hinder
their capacity to actualize their goals in self-assessment (Collins et al.,
2019; Eva and Regehr, 2011; Krebs et al., 2022). Our findings highlight
the value of educators in supporting students in achieving germane
cognitive load to support beneficial self-assessment. Simply helping
students recognize that self-assessment is a cognitively demanding ac-
tivity and helping them monitor their emotions and cognitive effort
during self-assessment could be a starting point for providing students
with tools to regulate their self-assessment processes.

Importantly, only 40% of the participants in our study spoke English
as a first language. The remaining participants were highly fluent in
English and were completing undergraduate and graduate programs of
study primarily in English. However, writing an essay and engaging in
the self-assessment task in English could still have introduced extra-
neous cognitive load for those participants whose first language was not
English. When we separated data from English first language partici-
pants and the others, we did not see any different themes emerging
between the two groups. Yet, more research with participants
completing the self-assessment task in their first language could help
verify our findings related to cognitive load.

5. Conclusion and future research

Overall, our findings indicate that self-assessment requires substan-
tial cognitive and emotional resources—supporting the conception of
student self-assessment as a complex psychosocial process (Andrade &
Brown, 2016; Boud & Brew, 1995). Recognizing the complexity of this
process can be helpful for educators by highlighting the need for
curricular, scaffolded, and tailored approaches to facilitating student
self-assessment. It is not enough to simply invite students to self-assess
and provide rubrics and exemplars; students can benefit from guid-
ance which helps them monitor and control their self-assessment pro-
cesses when using such resources—and develop these skills over time.
Understanding the cognitive processes and emotions students are
grappling with when using specific resources can help educators guide
students in becoming aware of these processes and select those that are
most helpful. For example, when supporting students in using rubrics,
educators can provide students with strategies to mitigate feelings of
overwhelm and process the information efficiently, such as
pre-estimating performance to focus on the most salient parts of the
rubric. When providing students with exemplars, educators could help
students consider ways that they could match the performance level
while keeping their personal writing style consistent—e.g., brain-
storming alternative ways to demonstrate key success criteria. When
students are reviewing their own work, educators can help students
review their essays various times for specific reasons—e.g., reviewing
once to correct all typos, then once to identify confusing sentences, then
once to identify areas that can be developed. Such co-regulation of the
self-assessment process could help students develop their capacity to
self-assess and revise their own work effectively.

We situate this research within descriptive aspects of theory devel-
opment which, rather than explaining why phenomena occur, provide
comprehensive portrayals of phenomena and for which mixed methods
approaches are well suited (Greene, 2022). Contributing to compre-
hensive descriptions of phenomena, such as student self-assessment, is
critical for ensuring future research considers all aspects of phenomena
and does not focus on aspects which may be construct irrelevant or
confounding. Our study lays some initial theoretical groundwork and
suggests pathways for future research in student self-assessment. First, a
descriptive study with a small sample size, our findings cannot be
generalized. Future research would do well to investigate and test these
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cognitive processes and emotions in different education and
socio-cultural contexts, as self-assessment processes may be shaped by
socio-cultural influences (Andrade & Brown, 2016). Experimental
studies could reinforce our findings by identifying statistical associa-
tions between cognitive and affective processes and different resources
types (e.g., rubrics, exemplars, essays). Additionally, more research is
needed in samples where linguistic fluency is more consistent to validate
our findings. Second, since our study pointed to the value of curricular
approaches to supporting student self-assessment, we see value in
research which can inform developmental perspectives on student
self-assessment processes, echoing previous calls for developmental
approaches to teaching self-assessment (Brown & Harris, 2014). For
example, studies which examine how learners at different develop-
mental stages think and feel when self-assessing in various subjects
could inform developmentally appropriate pedagogies of student
self-assessment which facilitate students’ development of their
self-assessment processes throughout their schooling. Third, as our study
focused on students’ use of rubrics, exemplars, essays, and self-feedback,
future research is needed to examine the cognitive and affective pro-
cesses associated with students’ use of other common self-assessment
resources, such as checklists of success criteria (Fastré et al., 2012).
Continuing to uncover the cognitive and affective processes of students
using common self-assessment resources is needed to support students in
self-assessing effectively.
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