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Abstract 

 

Despite theoretical and empirical arguments for its essential role in learning, and its 

consequent centrality in classroom assessment frameworks and policy globally, little is known 

about student self-assessmentôs internal cognitive and affective processes. Left without a theory 

to inform teachers in supporting productive student self-assessment (SSA), many students will 

never learn to be sources of their own feedback, the foundation for independent, lifelong 

learning. This research responds to calls to examine how students in K-12 contexts think and feel 

while engaged in SSA tasks that are supported by literature ï the next black box of classroom 

assessment research.  

First, I synthesized relevant self-assessment literature within a highly granular self-

regulated learning (SRL) model. Drawing on this theoretical foundation, I employed a collective 

case study using digital trace data to infer the ways in which a class of Year 12 students (n=16) 

in a UK secondary school thought and felt during an evidence informed self-assessment activity. 

Matomo, a web analytics platform, collected session recording and heatmap data which 

elucidated participantsô cognitive and affective operations as they completed a writing task, self-

assessed their work using exemplars and rubrics, and revised their writing accordingly. I 

analyzed log files of trace data to a) infer which SRL subprocesses participants activate, b) 

generate self-assessment process graphs and profiles for each participant, and c) investigate how 

participants engaged in each process based on the content of their work.  

Findings highlight the recursive and weakly sequenced nature of SSA processes, as well 

key cognitive and affective trends. Moreover, SSA profiles for each participant demonstrate how 

trace data and learning analytics can support advances in student learning through SSA. Forming 
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the basis for an initial theory of SSA cognition and affect, this research advances SSA theory, a 

core component of classroom assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

Acknowledgements 

 

My thesis would not have been possible without the support and guidance of my 

supervisor, Dr. Chris DeLuca. Thank you for creating the space and conditions for my thinking 

to evolve. You continually challenge me to be a better scholar while also making this work 

incredibly fun and rewarding. I am extremely grateful for your mentorship and look forward to 

our future work together. 

Dr. Pamela Beach, as my committee member, your expertise and feedback have been 

invaluable in shaping this research. My thesis would not have been the same without your 

thoughtful guidance. Thank you for helping me overcome the challenges I faced along the way. 

Dr. Saad Chahine, the feedback and questions you provided as my thesis examiner have 

shaped my perspective on this research. I am grateful for your thoughtful insights which have 

advanced my research and helped prepare me for the next steps in this work. 

I am also very grateful to have had the opportunity to work with many inspirational 

members of the Queenôs University community. Our work together shaped who I am as a 

scholar. Thank you especially to Dr. Andrew Coombs for your mentorship and for always being 

there for me. Our collaborations and your feedback have had an immense influence on my 

development as a researcher. Thank you as well to Dr. Stephen MacGregor for your continuous 

support. I am grateful that you gave up your valuable time to answer my many questions. 

Thank you to Dr. Phil Winne and Kenny Teng from Simon Fraser University. You both 

generously shared your time to discuss learning analytics with me. I cannot thank you enough for 

your generosity and your interest in my work. 



v 

 

I am very grateful to the class teacher and the student who participated in this research. It 

was wonderful to work with you. Thank you for your interest in my research. 

Last, I am eternally grateful to my family for supporting me throughout graduate school. I 

am so grateful for your love. Thank you to my loving partner, Beata, for your unwavering 

support and for keeping me grounded when challenges arose.   



vi 

 

Table of Contents 

 

Abstract............................................................................................................................................ii  

Acknowledgements.........................................................................................................................iv 

List of Figures................................................................................................................................vii  

List of Tables................................................................................................................................viii  

List of Abbreviations......................................................................................................................ix 

Chapter 1 Introduction.....................................................................................................................1 

Chapter 2 Literature Review..........................................................................................................10 

Chapter 3 Methods.........................................................................................................................55 

Chapter 4 Results...........................................................................................................................92 

Chapter 5 Discussion...................................................................................................................141 

References....................................................................................................................................166 

Appendix A Exit Ticket Survey...................................................................................................190 

Appendix B Ethics and Informed Consent..................................................................................194 

Appendix C SSA Process Profiles...............................................................................................201 

 

 

 

 

 

 

 



vii  

 

List of Figures 

 

Figure 1. Theoretical Model of the SRL Processes Underpinning SSA........................................23 

Figure 2. Screenshot of Writing Prompt and Poem.......................................................................63 

Figure 3. Screenshot of the Rubric and Exemplars.......................................................................66 

Figure 4. Examples of Text Fields................................................................................................67 

Figure 5. Participant Transition Graphs.......................................................................................101 

Figure 6. Heatmap of the Question Prompt.................................................................................121 

Figure 7. Heatmap of Rubric.......................................................................................................121 

Figure 8. Heatmap of the Exemplars...........................................................................................122 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii  

 

List of Tables 

 

Table 1. Operational Definitions of Cognitive Operations............................................................82 

Table 2. Operational Definitions of Affective Operations.............................................................83 

Table 3. Frequencies of Cognitive and Affective Operations across Participants.........................99 

Table 4. Density Indices for each Participant..............................................................................110 

Table 5. Centrality Statistics for each Operation across every Participant..................................115 

Table 6. Weighted Multiplicity Statistics....................................................................................118  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

List of Abbreviations 

 

AO  Assessment Objectives 

GDPR  General Data Protection Regulation 

OECD  The Organization for Economic Cooperation and Development 

SRL  Self-Regulated Learning 

SSA  Student Self-Assessment 



1 

 

Chapter 1 

Introduction  

 

ñIf you want to appear accountable, test your students; if you want to improve schools, 

teach teachers to assess their students; if you want to maximize learning, teach students to 

assess themselvesò (Earl, 2012, n. p.). 

 

ñThe only way any of us can improveðas Coach Graham taught meðis if we develop a 

real ability to assess ourselves. If we canôt accurately do that, how can we tell if weôre 

getting better or worse?ò (Pausch & Zaslow, 2008, p. 112). 

 

Building on contemporary understandings of classroom assessment as a process for 

improving studentsô learning, leading educational assessment scholars have long held that 

assessment should not be in the hands of teachers alone. In his seminal paper, Sadler (1989) 

argued that students who only follow feedback from their teachers will never learn to monitor or 

regulate their products and processes independently. As students have sole and immediate access 

to their own thoughts, feelings, actions, and work, maximizing their learning would require them 

to be capable of generating their own feedback on their performance (Andrade, 2010). In his 

unprecedented meta-analysis of factors that affect student achievement ï based on data from 300 

million K-12 students worldwide ï Hattie found that studentsô ability to analyze their own 

performance had a whopping effect size of 1.44 (Cohenôs d; Frey et al., 2018). Hattie calculated 

that an effect size of d=.04 accounted for one yearôs worth of growth in learning, meaning that 

being capable of thoughtfully reporting on oneôs own work more than tripled the speed of 
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learning. Accordingly, Hattie advocated that a prime imperative of education should be to 

cultivate assessment-capable students ï students able to delineate their current understanding, 

conceptualize where they are going, set appropriate goals, select the right cognitive, motivational 

and affective strategies to meet their goals, have confidence in their approaches, seek necessary 

feedback, and monitor and adjust their performance towards their goals ï by supporting students 

in developing these skills. Given the impact of being assessment-capable on student achievement 

in school, maximizing studentsô potential in K-12 is contingent on students taking an active role 

in the assessment process. Further, and perhaps more importantly, handing responsibility for 

assessment to the students has an impact on student success in later life. Boud and colleagues 

(2018) have argued that, through regular practice assessing their own work against curriculum 

standards, students develop the ability to make decisions about how to progress their 

performance and learning, much like a teacher. Tracing this skill back to Sadlerôs (1989) original 

argument, Boud and colleaguesô body of work concludes that evaluative judgement is an 

essential skill for success in higher education and for navigating and adapting to complex and 

dynamic environments beyond school (e.g., professional workplaces). Significantly, all of these 

prominent scholars (Bourke, 2016; Brown & Harris, 2014; Nicol & Macfarlane-Dick, 2006; 

Panadero et al., 2017, and many others) highlight that the primary way to make the student ñthe 

definitive source of feedbackò (Andrade, 2010, p. 90) is to consistently engage them in a suite of 

activities called student self-assessment. 

Student self-assessment (SSA) broadly refers to a variety of processes wherein students 

evaluate their own abilities, products, and/or learning processes in classroom settings (Andrade, 

2019; Brown & Harris, 2014; Panadero et al., 2016). SSA can teach students to identify strengths 

and weaknesses of their work and make appropriate adjustments to their learning strategies (Yan, 
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2020a). Effective SSA improves studentsô conceptualizations of success criteria and enables 

them to more closely align performance with desired outcomes (Andrade, 2013; Hattie & 

Timperley, 2007). Further, as it empowers students to better conceptualize and work towards 

articulated standards, SSA builds studentsô self-efficacy (Lin-Siegler et al., 2015) ïï a requisite 

for mobilizing the cognitive efforts needed to overcome challenges presented by new learning 

(van Reybroeck et al., 2017). Explicitly engaging students in SSA is therefore critical to 

buttressing their ability to productively monitor and adjust their performance and processes (i.e., 

self-regulation; Brown & Harris, 2014; Panadero et al., 2017; Schunk, 2003). Ultimately, SSA is 

a critical skill that enables students to self-regulate in environments which require independence 

and self-direction (e.g., higher education, workplaces) and become autonomous lifelong learners 

(Panadero & Alonso-Tapia, 2013; Sierra & Frodden, 2003; Yan et al., 2019). In other words, 

SSA is the foundation for assessment capable learners (Frey et al., 2018) and evaluative 

judgement (Tai et al., 2018) needed for success in school and later life (Bourke, 2016).  

SSAôs significance is supported by empirical research which has largely focused on its 

relationship to aspects of studentsô learning (e.g., self-regulation, self-efficacy, motivation, 

academic achievement), the consistency of studentsô self-judgements with external measures 

(e.g., teacher ratings, tests), or studentsô perceptions of SSA (Andrade, 2019). SSA has been 

linked with improved academic achievement (e.g., Brown & Harris, 2013; Graham et al., 2015; 

Lin-Siegler et al., 2015; Lopez & Kossack, 2007), motivation (Kitsantas & Zimmerman, 2006; 

Meusen-Beekman et. al., 2016; Ratminingsih et al., 2017; Tulgar, 2017), self-efficacy (Ross, 

2006; van Reybroeck et. al., 2017), self-regulation skills (Al-Rawahi & Al-Balushi, 2015; 

Panadero et al., 2017), and learner autonomy (Andrade & Du, 2007; Cassidy, 2007). A recent 

meta-analysis of studies from the U.S. found that SSA implemented over a longer cycle had the 
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largest learning gains for K-12 students (effect size, unbiased d = .61) in comparison to a range 

of formative assessment techniques and when accounting for nine dimensions (e.g., cycle length 

of feedback, formality, grade level; Lee et al., 2020).  

Given the wealth of theoretical and empirical support, SSA unsurprisingly underpins not 

only provincial policies across Canada (e.g., Alberta Education, 2006; British Columbia Ministry 

of Education, 1994; New Brunswick Department of Education and Early Childhood 

Development, 2018; Newfoundland and Labrador English School District, 2017; Ontario 

Ministry of Education, 2010) but also international curricular trends (Gan et al., 2017; OECD, 

2018). SSA is a core component of frameworks for effective feedback (e.g., Nicol & Macfarlane-

Dick, 2006; Hattie & Timperley, 2007), formative assessment (e.g., Black & Wiliam, 1998; 

Brown et al., 2015; Earl, 2012), and assessment policy globally (e.g., Birenbaum et al., 2015; 

Gan et al., 2017; Ministry of Ontario, 2010). The Organization for Economic Cooperation and 

Development (OECD, 2018) identifies SSA as a global competency for 21st century education 

that is fundamental to navigating a rapidly changing world. However, researchers note that 

teachers must explicitly engage K-12 students in SSA processes in order to teach them to assess 

themselves (Andrade, 2010; Frey et al., 2018; Panadero & Alonso-Tapia, 2013; Tai et al., 2018). 

Brown and Harris (2014) have even advocated for entire curricula based on using SSA to build 

studentsô assessment competency from a young age, recognizing both the value of SSA and the 

need to have students practice self-assessing over time. 

While empirical and theoretical research supports the use of SSA in any subject domain, 

writing, as an explicit process of self-regulation, requires strong self-assessment skills (Andrade 

& Boulay, 2003). Teaching students to use resources (e.g., exemplars, rubrics) to inform 

revisions has resulted in improved skills, processing, and motivation in writing (Lin-Siegler et 
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al., 2015). Further, one of SSAôs key functions is to calibrate studentsô conceptions of quality 

with their teachersô standards, allowing students to effectively monitor the progress of their work 

(Sadler, 1989). As the standards of high-quality writing are subjective and must be interpreted by 

students, SSA is especially critical in writing (Graham & Harris, 2018), where it helps students 

accurately interpret and internalize standards (Andrade & Valtcheva, 2009). SSA has been linked 

to improvements in studentsô writing, particularly in sophisticated aspects such as organization 

and voice (Andrade & Boulay, 2003; Andrade & Valtcheva, 2009; Lin-Siegler et al., 2015).  

To briefly summarize, SSA is the primary vehicle for building studentsô evaluative 

judgement and self-regulation skills (Panadero et al., 2017; Tai et al., 2018). Engaging students 

in SSA regularly is therefore essential to empowering students with agency needed to succeed in 

school and achieve their goals in dynamic and unpredictable future environments (e.g., higher 

education, professional workplaces; Bourke, 2016; Brown & Harris, 2014; Earl, 2012; Panadero 

& Alonso-Tapia, 2013). SSA is especially critical in teaching students to write (Graham & 

Harris, 2018). Consequently, SSA is at the core of contemporary assessment theories (Andrade 

& Brookhart, 2019; Nicol & Macfarlane-Dick, 2006; Stobart, 2008). 

However, despite scholars and policymakers internationally calling on teachers to engage 

students in SSA (OECD, 2018) ï especially in writing subjects (Andrade & Boulay, 2003; 

Graham & Harris, 2018; Lin-Siegler et al., 2015) ï researchers both in Canada and abroad have 

raised concerns that students are not receiving the full learning benefits of SSA (Brown & Harris, 

2014; Johnson et al., 2019; Volante, 2010; Volante & Beckett, 2011). The importance of teachers 

using SSA in general and in writing subjects in particular has naturally raised the question of 

how teachers can effectively support students in learning to assess themselves (Brown & Harris, 

2013). However, to date, research attempting to provide insight into this question has focused 
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largely on one dimension: how certain teacher inputs (e.g., using rubrics) facilitate SSA and 

relate to student outputs (e.g., achievement, self-efficacy). Comprehensive reviews of SSA have 

revealed highly variable effects of similar facilitation methods across classroom contexts 

(Andrade, 2019; Brown & Harris, 2013). For example, in their extensive meta-analysis of SSA 

effects in K-12 settings, Brown and Harris (2013) found that using rubrics to facilitate SSA had 

both the highest and lowest effect size. Thus, informing educators and policymakers on how to 

effectively and systematically facilitate SSA remains unclear. 

The main barrier to effectively and consistently supporting SSA in the classroom is that 

researchers have yet to unpack studentsô differential cognitive and affective responses during 

SSA ï the primary influences on SSA processes (Andrade, 2019; Panadero et al., 2016). 

Empirical researchôs narrow focus on how specific SSA tools affect specific learning outcomes 

has meant that the internal mechanisms through which these affects unfold ï how studentsô 

thinking and feeling during SSA leads to certain revision and relearning behaviours ï are not 

empirically understood (Andrade, 2019; Panadero et al., 2016). The cognitive and affective 

processes of students engaged in SSA activities are the primary mechanisms through which SSA 

shapes learning (Panadero et al., 2016); therefore, without an understanding of these processes, 

researchers and educators are unable to formulate theories that support teachers in effectively 

and consistently tailoring SSA to studentsô needs, leaving students unprepared to succeed in 

school and unpredictable future contexts (Bourke, 2016; Panadero et al., 2020; Yan, 2020b). 

To address this problem, researchers have called for future SSA research to shift focus to 

the cognitive and affective processes underlying SSA ï the ways in which students think and feel 

while engaged in classroom SSA, and how their thoughts and feelings interact ï as a promising 

line of inquiry for informing a SSA facilitation theory (Andrade, 2019; Andrade, 2013; Panadero 
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et al., 2016; Yan & Brown, 2017). In her recent extensive and critical review of SSA literature, 

Andrade (2019) concludes that: 

To better understand why and how the use of formative assessment in general and self-

assessment in particular is associated with improvements in academic achievement in 

some instances but not others, we need research that looks into the next black box: the 

cognitive and affective mechanisms of students who are engaged in assessment processes 

(Lui, 2017) ... Studies of the ways in which learners think and feel, the interactions 

between their thoughts and feelings and their context, and the implications for pedagogy 

will make major contributions to our field (p. 10).  

To harness the power of SSA and prepare K-12 students to thrive in diverse contexts beyond 

school (Brown & Harris, 2014; Tai et al., 2018), empirical research is critically needed that 

examines SSAôs internal mechanisms ï the ónext black boxô (Andrade, 2019; Panadero et al., 

2016). Research into the next black box would illuminate how teachers can identify and support 

students in overcoming cognitive and affective barriers when learning to self-assess 

productively. In particular, studying how senior high school students engage in SSA activities is 

a priority for this research as they are about to leave an environment of high teacher support 

(Bourke, 2016; Brown & Harris, 2014; Yan et al., 2019).  

Purpose 

My research aims to respond to repeated calls by scholars to unpack the cognitive and 

affective underpinnings of SSA (Andrade, 2019; Panadero et al., 2020). Given the significance 

of SSA for senior high school students and in writing, my research addresses these calls within 

the context of a Year 12 English class by empirically investigating the cognitive and affective 
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processes of students as they engage in an authentic, evidence-informed SSA activity. Guiding 

this research are the following research questions: 

1. What are the cognitive processes of Year 12 students as they self-assess their analytical 

writing? 

2. What are the affective processes of Year 12 students as they self-assess their analytical 

writing? 

Significance of Study 

SSA is critical for student success in K-12 and in later life (Bourke, 2016; OECD, 2018; 

Panadero et al., 2017). The narrow focus on associations between SSA facilitation methods and 

learning outcomes has meant that the internal processes whereby students may learn from SSA 

are understudied. The cognitive and affective processes of students engaged in SSA activities are 

the mechanisms by which SSA drives learning (Andrade, 2019; Panadero et al., 2020) and 

therefore must be understood to support a credible and systematic theory of SSA facilitation. 

This study responds to fundamental calls to unpack the black box of SSA in the context of a Year 

12 English class. This study contributes some of the first fine grained empirical evidence of the 

cognitive and affective processes of students engaged in an authentic, evidence-informed SSA 

activity. Ultimately, the aim of this research is to support the development of SSA theory capable 

of enhancing student learning and agency. 

Overview of Thesis 

This thesis is divided into five chapters. In the first, I introduced the context for this 

research, the purpose, and the guiding questions. Chapter two reviews and evaluates the relevant 

literature to synthesize a theoretical foundation for this study. Chapter three reports on the 

methods employed to address the identified research questions. Chapter four presents the results 
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of the study. In chapter five, I discuss the key findings of the study, limitations, and future 

directions for research.
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Chapter 2 

Literature  Review 

 

This literature review focuses on four areas of research to develop a theoretical 

foundation for examining SSAôs cognitive and affective underpinnings. The first section reviews 

research that informs my conception and definition of SSA. The second section synthesizes 

research related to SSA, classroom assessment, and self-regulated learning (SRL) to provide a 

theoretical model of how students think and feel, and the interactions between their thoughts and 

feelings, throughout SSA. The third section reviews empirical efforts to examine the cognitive 

and affective mechanisms of SSA to highlight methodological and theoretical limitations. Last, 

the fourth section conceptualizes SSA as a learning process and, by examining issues related to 

measuring learning processes, makes the case for learning analytics as the optimal method for 

collecting data capable of informing SSA pedagogy.     

Conceptions of Student Self-Assessment 

Various conceptions of SSA exist in the literature; indeed, tensions regarding what SSA 

means are apparent. First, self-assessment can be understood as both an ongoing process of 

appraising oneôs work, processes, and products while learning, or as processes initiated in 

classrooms to refine studentsô ability to regulate their own learning process (Panadero & Alonso-

Tapia, 2013). For example, Yan and Brown (2017) define self-assessment as a process students 

initiate whereby they seek both internal (e.g., feelings) and external (e.g., teacher, peer) feedback 

to self-reflect. This definition reflects studentsô ongoing process of monitoring their learning, 

both inside and outside the classroom, a conception the authors use to examine how students in 

higher education self-assess. In contrast, Lin-Siegler et al. (2015) conceptualize SSA as a 
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learning process whereby teachers guide students in reflecting on their work in relation to 

success criteria. The latter conception situates SSA as processes facilitated by teachers within 

classrooms explicitly and intentionally to improve studentsô capacity to achieve desired 

outcomes (Panadero et al., 2017; Schunk, 2003). 

Second, self-assessment has been used to define a broad range of activities in classrooms 

(Andrade, 2019). To illustrate, researchers have used the term to refer to: (a) students indicating 

their confidence in a task on a rating scale (Butler, 2018) or traffic light system (Harris & Brown, 

2013); (b) students using metacognitive scripts (i.e., lists of prompts to buttress studentsô 

thinking about their learning processes) while completing a task (Panadero et al., 2014); and (c) 

students analyzing exemplars of varying qualities of work to guide revisions to their previous 

work (Lin-Siegler et al., 2015). While each of these activities does involve students making 

judgements of their learning, they bear little resemblance to each other and likely impact 

studentsô learning differently and engage students in different ways of thinking and affective 

responses (Panadero et al., 2016). Despite SSAôs recognized importance in formative assessment 

frameworks and assessment policies, educators are essentially left to choose from a grab-bag of 

diverse strategies without an informed and intentional curriculum of implementation (Brown & 

Harris, 2014). 

Third, Panadero et al. (2016) have argued that empirical research, by focusing on 

implementation methods (e.g., using rubrics, metacognitive scripts, rating systems), has treated 

SSA like a unidimensional construct. Other dimensions, such as the timing (e.g., before, during, 

or after a task; the amount of practice students have had), medium (e.g., written, thought, verbal), 

and formality all influence how students engage in SSA and how it affects their learning. Thus, 

claims about SSAôs relationship to learning need to be scrutinized with consideration of multiple 
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dimensions of how researchers implement SSA. Positive learning associations with one method 

of SSA facilitation is not predictive of positive results with another (Bol & Hacker, 2012; Maki 

et al., 2005); in fact, the same facilitation method can create drastically different effects on 

learning (Brown & Harris, 2013). In reviewing five typologies of SSA, Panadero et al. (2016) 

reported that researchers have attempted to classify SSA by the type of knowledge pursued by 

students (e.g., technical knowledge, communication knowledge), a continuum of teacher-student 

involvement, power and transparency, presence and form of success criteria, and SSA 

procedures (e.g., self-rating, estimates of performance, rubric-based assessments). These 

differing understandings of SSA throughout the field have led to differing practices. Further, the 

five typologies identify different practices as óstandard SSA.ô Thus, a wide variety of activities, 

all informed by different understandings of SSA, are used to make claims about SSA as if it was 

one uniform construct. Panadero and colleagues call for a comprehensive typology that 

integrates the above models and addresses additional dimensions, such as SSA medium and the 

delay between SSA and the last instruction period. 

Building on previous typologies, Andrade distinguishes formative and summative SSA 

(Andrade, 2019). While widely considered a subset of formative assessment, SSA can be 

employed for summative purposes when it is used at the end of a learning episode to self-

summate learning or inform grading. Researchers often employ summative SSA in studies that 

investigate the consistency (i.e., accuracy, veridicality) of studentsô self-grading with external 

measures (e.g., teacher grades, tests). Collectively, the results of consistency research have 

revealed that, while students can self-assess consistently with their previous self-assessments 

(Ross, 2006), their self-assessments tend to be inconsistent with external judgements (Admiraal 

et al., 2015; Baxter & Norman, 2011; De Grez et al., 2012) and, not surprisingly, when studentsô 
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summative judgements are used to inform their final grade, consistency with teachersô grades is 

worsened as students inflate their self-assigned grades (Tejeiro et al., 2012). Since valid 

assessments inform appropriate uses (Kane, 2006; Messick, 1989), mixed findings on studentsô 

capability to self-assess accurately have raised questions about SSAs validity (Andrade, 2019; 

Brown et al., 2015). For example, Eva and Regehr (2008) have called for researchers to cease 

further attempts to uncover how to improve SSA. Similarly, Baxter and Norman (2011), having 

found nursing studentsô self-ratings to be inconsistent, argued that self-assessment is really self-

deception.  

However, researchers have since highlighted several common pitfalls that threaten the 

validity of extant consistency research, such as the noted inaccuracy of external ratings against 

which student ratings are judged, factors that compromise the honesty of studentsô self-

assessments (e.g., issues of trust, having to disclose self-judgements), inauthentic study settings, 

and restrictive designs that limited studentsô capacity to make decisions as a result of SSA 

feedback (Andrade, 2019; Brown et al., 2015). The relatively short cycle in which much of this 

research has occurred also overlooks that SSA veridicality (i.e., alignment with reality) improves 

with practice and intentional curricular delivery of effective SSA from a young age ï studies 

have not been sufficiently long to capture this progression (Brown & Harris, 2014). Moreover, 

there is a lack of research showing that inconsistent self-assessment leads to inappropriate 

assessment uses (e.g., relearning or revision behaviours; Andrade, 2019). In fact, some studies 

have shown the opposite: studentsô judgements of performance have little impact on their 

subsequent studying behaviours (Hacker et al., 2000) and monitoring accuracy does not 

influence how learners follow their predictions of performance (van Loon et al., 2014). The lack 

of clarity around SSA purposes is exacerbated because researchers have freely used synonymous 
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terms interchangeably with self-assessment, such as self-evaluation, self-rating, self-judgement, 

self-grading, self-appraisal, and self-reflection (Andrade, 2010; Andrade & Brown, 2016). Many 

of these terms, like self-rating and self-grading, seem more appropriate descriptors of summative 

SSA than the term ñself-assessment.ò Rating oneself at the end of a learning process is so 

different from thinking deeply about how one can improve their work that some scholars have 

argued that self-rating and self-assessment are completely separate constructs (Boud & Brew, 

1995; Panadero et al., 2014).   

Further, Andrade (2019) has argued that consistency research, which focuses on 

summative conceptions of SSA, reflects a misunderstanding of the true purpose of SSA. She has 

long held that SSA is a form of feedback (2010), wherein students self-generate feedback to 

inform adjustments to products, processes and deepen future learning. In the formative 

conception of SSA, students self-generate feedback and revise drafts of work before it is 

complete (Andrade & Brown, 2016; Andrade & Valtcheva, 2009). Theoretically, as self-

monitoring occurs during task completion, formative SSA will be more helpful to studentsô 

learning than summative SSA, as the former asks students to deeply engage with success criteria 

during task completion (Andrade & Valtcheva, 2009; Brown & Harris, 2013) while the latter 

rushes students to a judgement without necessitating engagement with success criteria (Boud & 

Brew, 1995). Further, there is a strong empirical backing for formative SSA: in her birdôs-eye 

review of the field, Andrade (2019) reported that all 20 studies that examined the relationship 

between SSA and achievement that clearly employed the formative type revealed a positive 

association between achievement and SSA. In their earlier review of SSA in K-12 contexts, 

Brown and Harris (2013) reported that there is a strong link between SSA and improved self-

regulated learning skills if SSA is scaffolded by the teacher and ñprovided such self-evaluation 
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involves deep engagement with the processes affiliated with self-regulation (i.e., goal setting, 

self-monitoring, and evaluation against valid, objective standards)ò (p. 386), a caveat which 

clearly points to formative SSA. 

Given the diversity of conceptions of SSA across the field, and repeated calls for 

researchers to explicitly operationalize SSA based on multiple dimensions (e.g., Andrade, 2019; 

Brown & Harris, 2013, 2014; Panadero et al., 2016; Sargeant, 2008), it is necessary to clearly 

define SSA in the aims and scope for this research. My ultimate aim is to inform educators on 

how to use SSA to improve studentsô self-regulation and therefore autonomous learning. 

Therefore, for the purposes of this research, I conceptualize SSA as a teacher-facilitated activity 

in which students engage within the classroom. Rather than an ongoing, underlying process of 

regulating and monitoring oneôs own work, SSA is a suite of classroom practices designed to 

teach these implicit skills. As teachers engage their students in SSA to teach them to self-regulate 

productively, I will only examine formative SSA: SSA that teachers implement before a task is 

complete (e.g., on a complete or partial draft of work) to enable students to self-generate 

feedback and apply that feedback by re-learning content or revising their original work (Andrade 

& Brookhart, 2014). Without sufficient evidence that consistency is requisite for valid use of 

SSA feedback (Andrade, 2019; Brown et al., 2015), I prioritize SSA that engages students in 

SRL processes over SSA with the sole purpose of improving studentsô accuracy. Given the 

mounting empirical support for SSA that informs revisions (Andrade, 2019), I will study the 

internal processes of such an SSA activity; I am interested in studying SSA that is most likely to 

drive learning. However, I will not use Andradeôs (2019) term ñformative SSAò in this thesis 

because SSA is viewed as a component of formative assessment; the double use of formative is 

confusing. Specifically, I focus my examination on SSA that involves deep engagement with 
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success criteria, using rubrics and exemplar responses to elucidate success criteria (e.g., Lin-

Siegler et al., 2015; Panadero et al., 2014). Finally, students should be guided to self-generate 

specific feedback relating to task performance, rather than general feedback about themselves, to 

best engage with self-regulation processes (Panadero et al., 2017). As such, the very term self-

assessment is somewhat of a misnomer in this research: students are not asked to assess 

themselves (Kasanen & Raty, 2002), but rather their products, processes and abilities related to a 

specific learning task. 

Theories of Cognitive Process in SSA 

Several theories attempt to explain the cognitive processes of a learner self-assessing 

(Butler, 2018; Fastre et al., 2012; McMillan & Hearn, 2008; Ross, 2006; Sargeant et al., 2010; 

Yan & Brown, 2017). Taken together, they emphasize a core cyclical process of determining 

task meaning, requirements or criteria; monitoring work against criteria or drawing on memories 

to make self-judgements; and reacting to or reflecting on products and processes. However, most 

of these theoretical models reflect decontextualized processes of learners internally assessing 

their products or processes rather than the cognitive mechanisms of students engaged in a well-

defined SSA activity in the classroom. While they may claim to reflect self-assessment, the 

previous section reveals that they only relate to internal assessing of oneôs self (a skill) and not 

classroom SSA processes (a state) ï two conceptually different constructs.  

One exception is in Sargeant and colleaguesô (2010) model based on focus groups with 

physicians and medical students who had to engage in self-assessment tasks to some degree in 

their different training programs. However, programs were categorized by rigor (high, medium, 

and low) of self-assessment implementation rather than self-assessment purpose or activity, and 

SSA activities are not clearly explained. As participants were from different professional medical 
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education programs across different countries, it is likely that Sargeant and colleaguesô model is 

based on a wide variety of self-assessment activities that bear little resemblance to those used to 

enhance studentsô learning in K-12 classroom contexts. Therefore, it does not provide a suitable 

lens through which to examine the cognitive and affective mechanisms of students engaged in 

classroom based SSA activities. 

Another exception may be Rossô (2006) theory that explains the link between self-

assessment and enhanced learning based on social cognition theory. Ross argues that 

Training in self-assessment has an impact on studentsô self-assessments by focusing 

student attention on particular aspects of their performance (e.g., the dimensions of the 

co-constructed rubric), by redefining the standards students use to determine whether 

they were successful (e.g., the levels of the rubric), and by structuring teacher feedback to 

reinforce positive reactions to the accurate recognition of successful performance (p. 6). 

Social cognition theory would suggest that the above process improves learning by building 

studentsô self-efficacy. Specifically, SSA helps students (a) interpret their performance as 

successful (i.e., mastery experience), (b) learn from successful exemplars shared by peers, and 

(c) feel a sense of responsibility for shared control of assessment processes. While Rossô model 

begins to touch on teacher-facilitated, classroom based self-assessment, it does not explicitly 

detail the cognitive underpinnings of students engaged in an SSA activity. 

Extant models of self-assessment processes offer limited insight into how students 

cognitively and affectively engage in productive classroom SSA processes primarily because 

they are rooted in the conception of self-assessment as a cognitive or metacognitive skill initiated 

by learners independently. I posit that a more productive conception views SSA as a process 

teachers facilitate in classrooms to teach students to self-regulate by buttressing key self-
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regulated learning (SRL) processes for two reasons. First, contemporary constructivist 

understandings of learning suggest that the role of the teacher is to guide students in interacting 

with resources, teachers, peers, and contexts to manage their own learning (i.e., scaffolding 

learning; Andrade & Brookhart, 2019). If teachers are to use SSA to help students do this, a more 

helpful model than those which explain how students initiate decontextualized self-assessment is 

one in which SSA facilitates the co-regulation of learning between teachers, students, and 

contexts (e.g., peers, instructional resources). Second, synthesizing these models reveals that 

self-assessment as a skill closely resembles subprocesses found in most cyclical phase models of 

self-regulated learning (SRL). The notion that SSA teaches students to self-regulate is well 

established (e.g., Andrade, 2010; Panadero et al., 2017; Yan, 2020b); however, a theoretical 

model of SSA as co-regulation exists only within wider theories of classroom assessment or 

formative assessment (e.g., Andrade & Brookhart, 2019; Nicol & Macfarlane-Dick, 2006). 

SRL is a process wherein a learner plans and cyclically adapts their thoughts, feelings, 

and actions towards the attainment of personal goals (Zimmerman, 2013). As one of the most 

prevalent theories explaining achievement and learning (Panadero et al., 2017), SRL models 

show how students activate cognition, metacognition, and affective operations (e.g., motivation, 

self-efficacy) in order to learn (Andrade & Brookhart, 2019). Many models of SRL exist 

(Panadero, 2017). SRL can be understood as nested (Boekaerts, 1999), information processing 

(Greene & Azevedo, 2007; Winne & Hadwin, 1998), or as unfolding in phases (Pintrich & 

Zusho, 2002) or cycles (Brookhart, 2013; Zimmerman, 2011). SRL models explicate studentsô 

individual learning processes in any context; however, within classrooms, studentsô SRL 

processes are influenced by their teachers, students, peers, instructional materials, and 

assessment instruments (Allal, 2011). Researchers recognize that the ways in which learners self-
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regulate vary across contexts and types of activities and therefore SRL should be examined in 

relation to a specific learning activity (Cleary, 2011). 

Classroom assessment is the process of teachers and students collecting, evaluating, and 

using evidence of studentsô learning for several purposes, including monitoring, certifying, and 

improving studentsô learning (McMillan, 2013). As recognition for its pivotal role in learning has 

increased with the rise of constructivist theories of learning, classroom assessment research has 

shifted from a focus on instruction and measurement to its role in learning theories (Baird et al., 

2017; Brookhart, 2003; Penuel & Shepard, 2016; Shepard, 2001). While classroom assessmentôs 

role in learning can be conceptualized in various theories of learning (Baird et al., 2017), 

Andrade (2013) has argued that theories of SRL are the best learning models to explain 

classroom assessment cognition for two reasons. First, SRL can be thought of as a mega theory: 

aspects of SRL are found in almost every other learning theory. Consequently, examining 

classroom assessment through SRL frameworks will incidentally provide insight into 

assessments role in other conceptualizations of learning. Second, with constructivism being the 

dominant contemporary understanding of learning, it is useful to conceptualize classroom 

assessment as a way to provide students with opportunities to and guidance in managing their 

own learning through interactions with teachers, peers, instructional materials, contexts, and 

themselves (Andrade & Brookhart, 2019). Indeed, the alignment of contemporary 

understandings of classroom assessment and phase models of SRL has resulted in a growing 

body of literature that understands classroom assessment as the co-regulation of studentsô 

learning with teachers, peers, resources, and environments (Allal, 2016). 

Butler and Winne (1995) have suggested that internal (e.g., self-efficacy, perceptions of 

effort, memories of similar tasks) and external feedback (e.g., peer, teacher, grades) ï most of 
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which is derived from either formative or summative classroom assessment ï mediate how 

students monitor and adjust their products and processes. Nicol and Macfarlane-Dick (2006) 

positioned the research on formative assessment feedback within Butler and Winneôs model, 

concluding that good feedback strengthens studentsô capacity to self-regulate their performance. 

Expanding on this model, Andrade (2013) emphasized the importance of external feedback (e.g., 

grades, teacher comments) as a mediator of studentsô interpretations of their products and 

processes. When interpreting ambiguous feedback, students can attribute the feedback to: (a) 

level of knowledge; (b) effort and motivation; (c) the learning strategy employed; (d) their 

inherent ability in a subject/topic; (e) random chance; and (f) the judgement from the feedback 

source was wrong (Draper, 2009). How students interpret the cause of feedback determines if it 

is useful: each attribution sets in motion a distinct cycle of SRL on subsequent tasks. The first 

three positively support learning through proactive regulation. Conversely, it logically follows 

that the latter three may result in what Zimmerman (2013) calls óreactiveô self-regulators, who 

attribute failures to fixed factors (e.g., ability in a subject, the teacher does not like them, results 

are arbitrary). Reactive SRL patterns ultimately result in disengagement with a subject or task 

and performance avoidance strategies.  

Andrade and Brookhart (2019) noted that phase views of SRL, which tend to include a 

preparatory phase, a performance phase, and an appraisal phase (all consisting of sub-processes; 

Panadero, 2017), are particularly useful for understanding classroom assessmentôs role in 

learning because assessments have generally been thought of as events unfolding over time and 

are likewise described as having three cyclical phases:  

1. goal setting (where am I going?), 

2. feedback (how am I going?), and 
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3. revision (where to next?). 

Unique among all classroom assessment processes, SSA explicitly engages students in answering 

the above questions for themselves (Andrade, 2010). Further, the three-step process closely 

resembles those identified in extant theories of decontextualized self-assessment processes 

described earlier (e.g., Fastre et al., 2012; McMillan & Hearn, 2008; Ross, 2006; Yan & Brown, 

2017). Thus, SRL theories closely align with not only classroom assessment but self-assessment 

more specifically. The alignment SRL and current theories explaining SSA cognition point to 

phase models of SRL as a practical theoretical foundation for examining the cognitive and 

affective underpinnings against the backdrop of contemporary constructivist understandings of 

learning.   

Theoretical Framework for the Cognitive and Affective Mechanisms of SSA 

Recently, Andrade and Brookhart (2019) have substantiated a comprehensive theory of 

classroom assessment as the co-regulation of studentsô learning by teachers, contexts, and 

instructional resources. Their theory, which separates cognitive and affect/motivation processes, 

provides the perfect lens through which to examine the cognitive and affective processes of SSA 

with unparalleled precision and granularity. Although their review encompasses all aspects of 

classroom assessment, SSA is recognized as exceptionally tied to SRL processes within the suite 

of classroom assessment processes (Andrade, 2013; Panadero et al., 2017; Schunk, 2003; Yan, 

2020b). Andrade (2010) reviewed literature to demonstrate SSAôs links to the forethought, 

performance, and reflection phases of SRL. Further, in their seminal meta-analytic review of 

SSA effects in K-12, Brown and Harris (2013) determined that SSA works best when the 

implementation process closely aligns with the SRL process. Perhaps most importantly, their 

model of classroom assessment as coregulation is at the leading edge of the most fine-grained 
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theories (e.g., Andrade, 2013; Brookhart, 2013) that excavate the relationship between learning 

and assessment. Thus, there is strong impetus for using Andrade and Brookhartôs (2019) 

framework to examine the internal mechanisms of SSA. 

Based on Pintrich and Zushoôs (2002) comprehensive SRL framework, Andrade and 

Brookhartôs (2019) theory explains how classroom assessment co-regulates studentsô learning 

across four areas of SRL: (1) cognition, (2) motivation/affect, (3) context, and (4) behaviour. 

Each area is further divided into four loosely sequenced SRL phases: (1) forethought, planning, 

and activation; (2) monitoring; (3) control; and (4) reaction and reflection. The authors note that 

there is no assumption that the phases are necessarily linear ï any combination of phases may be 

simultaneously and dynamically ongoing during task completion. They substantiate their theory 

by reviewing classroom assessment literature related to each SRL area and phase. The 

integration of areas of SRL into classroom assessment research is one important contribution of 

this theory that makes it particularly comprehensive. Significantly, the first two areas allow for 

examination of both cognitive and motivational/affective mechanisms of students engaged in 

SSA. This research will therefore be grounded in the first two areas of Andrade and Brookhartôs 

model. Figure 1 illustrates a theoretical model of the SRL processes students may engage during 

an SSA activity. Below, I substantiate the theoretical model by synthesizing relevant SSA 

research within this framework. This theoretical framework will be used to interpret studentsô 

behaviours during SSA in this study. 
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Figure 1  

Theoretical Model of the SRL Processes Underpinning SSA 

SRL Phases Cognitive Operations Affect/Motivation Operations 

Forethought, 
Planning and 
Activation 

¶ Goal setting 
¶ Prior knowledge activation 
¶ Metacognitive knowledge 

activation 

¶ Goal orientation adoption 
¶ Efficacy judgements 
¶ Ease of learning judgements 
¶ Task value activation 
¶ Interest activation 

Monitoring ¶ Monitoring against standards 
¶ Metacognitive awareness of 

process 
¶ Judgements of learning (JOL) 

¶ Monitoring of 
motivation/affect 

Control ¶ Selection and adaption of 
strategies for thinking 

¶ Adapting strategies to manage 
motivation/affect 

Reaction and 
Reflection 

¶ Cognitive Judgements 
¶ Cognitive Attributions 

¶ Affective reactions 
¶ Affective attributions 

Note. Adapted from Andrade & Brookhart, 2019. 

SSA as the Co-regulation of Learning in the Area of Cognition 

Forethought, Planning, and Activation. Self-regulated learners engage in goal setting 

and activation of prior knowledge and metacognitive knowledge. As evidenced in relevant 

literature, teachers use classroom assessment to co-regulate these cognitive mechanisms by first 

setting learning goals, a fundamental component of high-quality classroom assessment. Second, 

teachersô expectations based on gender, race, socioeconomic status, and prior achievement have 

been shown to affect student achievement by influencing how teachers externally regulate their 

students (Andrade & Brookhart, 2019). While more research is needed, the internal goals 

students set, as moderated by teachersô explicit learning goals and expectations for individual 

students, are related to their learning outcomes (Andrade & Brookhart, 2019). 
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Literature also reveals that SSA engages students in these cognitive processes. Providing 

students with success criteria is not enough to ensure they internalize or understand them (Nicol 

& Macfarlane-Dick, 2006). Conversely, SSA has proven to be an effective method of developing 

studentsô conceptualizations of desired outcomes (Andrade et al., 2010; Andrade et al., 2009; 

Nicol & Macfarlane-Dick, 2006). SSA specifically requires students to select relevant criteria 

against which to assess their products against learning goals (Fastre et al., 2012). Engaging 

students regularly in SSA has been shown to help students understand and internalize success 

criteria, enabling them to initiate self-regulated behaviours towards clearly defined goals 

(Andrade & Du, 2007; Lin-Siegler et al., 2015). Recent SSA research also supports that prior 

content knowledge activation plays a role in SSA processes. Based on think aloud data from 64 

middle and high school students judging the quality of their work in two different subjects, 

Panadero and colleagues (2020) concluded that studentsô knowledge within a subject domain 

shapes the strategies (e.g., re-reading the question, redoing the problem) and criteria (e.g., 

intuition, teacher criteria, spelling) they use to judge their work.   

Monitoring.  Self-regulated learners monitor their progress towards goals or learning 

expectations. Monitoring progress against standards occurs when a learner evaluates the 

perceived quality of their work against internalized success criteria. These criteria may be their 

own standards of quality or their understanding of relevant curriculum standards. Progress 

monitoring can be formative, where students self-generate feedback, or summative, where 

students self-grade, or a mixture of both. Learners also engage in a related but distinct form of 

monitoring called metacognition, the monitoring of their thought processes. The latter 

mechanism is largely internal to the learner, while the former is mediated by both internal and 

external feedback. Teachers co-regulate both mechanisms by providing feedback, the central 
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component of formative assessment, which fosters studentsô awareness of their performance and 

processes. Further, assessment methods which encourage students to make judgements of their 

learning (JOLs) are promising strategies for co-regulating, though more research in authentic 

classroom settings are needed (Andrade & Brookhart, 2019).  

SSA is backed as a co-regulator of metacognition and monitoring by both theory (e.g., 

Brown & Harris, 2014; Lin-Siegler et al., 2015; Panadero et al., 2016) and empirical research 

(e.g., Brown & Harris, 2013; Panadero et al., 2017; Yan, 2020b). Yan (2020b) surveyed 63 

Master of Education students in Hong Kong about the specific actions they employed to inform 

judgements about their work at each phase of an assignment (planning, performance, appraisal). 

Analysis indicated that self-assessing against external standards in the performance phase was 

the highest predictor of achievement on a task among all self-assessment behaviours they 

examined. SSA helps students practice and refine the ongoing internal monitoring of their 

progress in relation to desired outcomes (Schunk, 2003; Yan & Brown, 2017). Another way 

teachers support monitoring progress against standards is by supporting students in using rubrics 

and exemplars to assess and adjust their own performance (e.g., Andrade & Valtcheva, 2009; 

Lin-Siegler et al., 2015; Wang, 2017). SSA also improves metacognition by making students 

consciously aware of how they are approaching a task (Andrade, 2013). Further, using a quasi-

experimental design, researchers have found that providing university students with self-

assessment/metacognitive scripts during a learning task supported more active SRL compared to 

providing students with rubrics (Panadero et al., 2014). Engaging in SSA draws studentsô 

attention more fully to what they are learning and how they are approaching the learning. 

Panadero et al. (2020) inductively analyzed think aloud data from middle and high school 

students reflecting on the quality of their own recently produced work in Spanish and math. 
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Their analysis identified a variety of criteria that participants used to judge the quality of their 

work. While reported criteria included those of the teacher, they also included affective variables 

like hindsight and memory, as well as other criteria such as spelling. Further, while there was 

some overlap in criteria across subjects, the authors found that there were also criteria 

participants reported as specific to a subject. This research supports previous findings from 

qualitative interviews that learners judge the quality of their work based on teacher criteria as 

well as their own standards (Andrade & Du, 2007; Bourke, 2016) and that there are sometimes 

tensions between teachersô and studentsô criteria (Andrade & Brown, 2016). Moreover, analyses 

of variances (ANOVAs) in Panadero and colleaguesô (2020) study identified that the oldest 

participants were least likely to refer to teacher criteria when evaluating their work. Collectively, 

research suggests that both affective variables (e.g., intuition, physical sensations; Panadero et 

al., 2020; Yan & Brown, 2017) and a complex interaction of external and personal standards 

(Andrade & Du, 2007; Bourke, 2016) shape how learners monitor the quality of their work 

during SSA. 

Control.  This phase sees self-regulated learners selecting and adapting strategies for 

learning and thinking as a result of monitoring. Classroom assessment feedback (e.g., teacher 

comments, grades) affect studentsô motivation and behaviour within a task. As discussed earlier, 

students can interpret ambiguous feedback in several ways, and how they interpret and attribute 

feedback initiates either positive or negative self-regulatory cycles. More research is needed, 

however, that examines how students respond and adjust to feedback. Further, research has 

shown that teachers can use formative assessment evidence to articulate studentsô current 

performance and guide individualized next steps (Andrade & Brookhart, 2019). While this is a 
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clear instance of co-regulation at the control phase, research also suggests that such assessment 

practices are not widespread (Andrade & Brookhart, 2019). 

Based on qualitative research studying nursing students (Sargeant et al., 2010) and pre-

service teachers (Yan & Brown, 2017), researchers have theorized that learners actively evaluate 

feedback from external sources (e.g., rubrics, exemplars, teachers, peers, grades) to inform 

judgements about their own performance. However, given that these findings were based on 

students in higher education with likely more well-developed SRL than the general population 

(Henrich et al., 2010), these findings should not be generalized to K-12 contexts. Most important 

for the present study, teachersô use of SSA explicitly engages students in monitoring their 

progress and making informed revisions. As it makes students both the producers and consumers 

of their own feedback, SSA theoretically side steps issues related to interpreting external 

feedback: students cannot misinterpret feedback they themselves have generated. If conditions 

for effective SSA are met, curricular implementation of SSA helps students set appropriate goals 

and provides them with corresponding strategies for attaining them, thereby empowering them 

with the capacity to adjust and revise their work in relation to their goals (Andrade, 2010). 

However, research is needed to examine how students make revision and relearning decisions as 

a result of SSA (Andrade, 2013, 2019). 

Reaction and Reflection. Effective self-regulators make cognitive judgements about 

their performance, process, and abilities that influence how they engage in the forethought, 

planning, and activation phase when they engage in future tasks they perceive as related. 

Research has shown that assessment feedback affected how students attributed perceptions of 

success and failure and whether they adopted a growth or fixed mindset. Again, findings on the 
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extent to which teachers intentionally help students regulate their reactions and reflections are 

mixed (Andrade & Brookhart, 2019). 

Yan (2020b) theorized that self-assessment in the appraisal phase allows students to 

reflect on the strengths and weaknesses of their performance and processes once the task is 

completed. Across preparatory, performance, and appraisal phases of task completion, Yan 

surveyed how Master of Education Students in Hong Kong engaged in four self-assessment 

actions: seeking external feedback from monitoring (i.e., using resources to make judgements 

about current performance; SEFM), seeking external feedback from inquiry (i.e., asking others 

for feedback; SEFI), seeking internal feedback (i.e., feelings, internal reactions/sensations; SIF), 

and self-reflection (SR). Surprisingly, participants reported relatively lower use of SEFM, SEFI, 

and SR in the appraisal phase of task completion, and students who achieved higher on the task 

tended to engage in self-assessment actions less in the appraisal phase than students who 

achieved lower in the task. While this may suggest that self-assessment is less important in the 

appraisal phase, participants received their final grades on the task before reporting their self-

assessment practices in the appraisal phase ï it is possible that participants who scored well on 

the task were satisfied with their grade and did not feel the need to consider how they might 

improve their approach a similar task in the future. As such, students may employ self-

assessment actions after completing a task but before submitting it for feedback, but these 

processes have yet to be investigated. Similarly, Panadero et al. (2020) examined the number of 

different strategies middle and high school students reported using to judge the quality of their 

work (e.g., re-reading the question, redoing the problem) before and after receiving feedback on 

their work from the teacher. The authors found that students reported using significantly fewer 

strategies after receiving teacher feedback. Further, ANOVAs revealed that participants used 
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teacher feedback more frequently to reflect on their work after having received the feedback 

from the teacher. Thus, while participants employed fewer self-assessment strategies after 

receiving feedback on their work, they employed teacher feedback more in their judgements, 

indicating that their processes became less active and more focused on teacher feedback after 

they received it. Yan (2020b) similarly found that high-achieving students reported fewer actions 

to judge the quality of their work after receiving a grade. Combined, these findings suggest that 

external feedback may truncate or suppress learner engagement in SSA processes.      

SSA as the Co-Regulation of Learning in the Area of Affect/Motivation 

In addition to self-regulating cognition, learners actively regulate their affect (e.g., 

feelings, motivation) while completing a learning task (Pintrich & Zusho, 2002). Research 

provides some insight into how individual and contextual factors influence studentsô motivation 

in SSA. 

Forethought, Planning, and Activation. When taking stock of a task, self-regulated 

learners adopt a goal orientation (i.e., performance or mastery), judge their self-efficacy and task 

difficulty, and consider the value of and their interest in the task. Classroom assessment is 

intertwined with these processes, as shown in research on test anxiety, motivation, and task-

avoidance in assessment contexts (Andrade & Brookhart, 2019). 

Research has theorized that mastery and performance goal orientations result in differing 

motives and thus differing cognitive approaches to self-assessment. A student holds mastery 

goals if they are cognitively engaged in mastering a particular task ï they actively think about 

their work, process and strategies they employ towards mastering a skill or achieving a desired 

outcome. A student holding performance goals is more concerned with external outcomes, such 

as good grades, impressing their friends or teachers. The performance goal orientation, while 
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more concerned with external goals, is less likely to result in better outcomes as it usually 

engages the student in superficial, rote learning. Self-assessment requires students to adhere to 

the mastery goal orientation, as SSA explicitly engages students in the cognitive and 

metacognitive processes requisite to mastering a challenging skill or concept (McMillan & 

Hearn, 2008). Empirical research has suggested that students motivated to self-assess by 

performance goals tend to overestimate their ability (Bouffard et al., 2011; Gondia & Leonardi, 

2011). Further, as students age, they become more aware of conflicting social pressures to 

demonstrate both superior abilities and humility; these pressures complicate their motivations for 

engaging in honest SSA (R. Butler, 2005; Y. G. Butler, 2018).  

Sedikis and Strube (1995) have suggested that four competing motives for self-assessing 

influence how students engage in the process: self-enhancement, self-verification, self-

assessment, and self-improvement. Related to performance goal orientations, self-enhancement 

and self-verification motives seek to use SSA to enhance or verify oneôs self-concept. 

Conversely, learners motivated by self-assessment and self-improvement seek to genuinely 

understand and improve the quality of their performance through SSA. The latter two are 

necessary for students to honestly self-assess and are likely to be dominant motives when 

studentsô beliefs about their performance in a certain activity are not fixed, and if students 

perceive the attributes being self-assessed are both clearly articulated and modifiable. 

Studentsô self-efficacy ï their perceived ability to perform a task and achieve established 

goals (Bandura, 1997) ï is highly related to their motivation to SSA. High self-efficacy in a task 

is needed to mobilize the necessary effort and motivation needed to self-monitor and take goal-

directed action (van Reybroeck et al., 2017). Self-efficacy thus plays an important role in the 

forethought, planning, and activation phase of the affect/motivation area of SRL (Pintrich & 
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Zusho, 2002). In an extensive meta-analysis, Panadero et al. (2017) found that SSA had a 

considerable positive effect on studentsô self-efficacy (effect size d = .73) ï a larger effect size 

than SSA had on other SRL variables. SSA likely improves self-efficacy in a subject or task 

because it helps students better understand and achieve goals (Andrade & Du, 2007; Ross, 2006). 

This relationship is likely multidirectional: having high self-efficacy in a subject probably results 

in increased motivation to direct high levels of effort to honest, productive SSA (Lin-Siegler et 

al., 2015). In contrast, Panadero and colleaguesô (2020) analysis of middle and high school 

studentsô self-reported self-efficacy immediately before and after reflecting on the quality of 

their work and receiving teacher feedback showed no significant changes in self-efficacy. While 

this finding seems to contradict previous links between self-efficacy and SSA, it is likely that the 

short timespan between self-efficacy measures, which were surveyed before and after self-

reflecting on work, left little opportunity for changes in self-efficacy. My speculation is 

supported by researchersô assertions that SSA enhances learning over time rather than in one off 

SSA activities (Brown & Harris, 2014; Lopez & Kossack, 2007).    

Examining factors that predict high school studentsô intention to self-assess and self-

assessment practices in Hong Kong, Yan et al. (2019) reported that an array of weak to moderate 

predictors converge to influence which self-assessment actions students take. Self-efficacy in 

conducting self-assessment was the strongest predictor of which self-assessment actions 

participants endorsed, while attitude towards self-assessment was the strongest predictor of 

participantsô intention to self-assess.  

Monitoring.  Self-regulated learners are aware of their motivation and affect while 

engaged in a task. Classroom assessment research has shown that the relevance, usefulness, 
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timing, and characteristics of feedback affect, and thus regulate, studentsô affect and motivation 

(Andrade & Brookhart, 2019). 

Fastre and colleagues (2012) found that nursing students whose attention was drawn to 

relevant success criteria in a learning phase later experienced higher cognitive effort/demand 

when asked to self-assess without the provision of any criteria compared to participants who 

were given a generic list of all possible criteria in the learning phase. They speculated that higher 

cognitive effort either indicated deeper motivated engagement to identify relevant criteria or 

greater struggle when self-assessing without the provision of relevant criteria for the first time. 

The former would lead to enhanced learning, while the latter would result in negative effects on 

learning. Similarly, Sargeant et al. (2010) found that medical practitioners reported monitoring 

tensions (e.g., feelings towards colleagues who provide feedback, emotional reactions to learning 

processes or practices) that informed how they formed self-judgements. For example, 

participants reported dismissing external feedback from colleagues perceived as overly negative 

from informing their understandings of their own abilities.    

Control. Based on monitoring, effective self-regulators select and adapt strategies for 

managing their motivation and affect. Classroom assessment provides both implicit and explicit 

messages to students about their effort in the form of feedback from teachers, peers, grades, and 

their interpretations of feedback. Further, research has suggested that motivation improves when 

teachers use classroom assessment to provide opportunities for students to act on feedback (e.g., 

revisions, relearning, planning next steps; Andrade & Brookhart, 2019). SSA that provides 

opportunities to revise or re-learn therefore theoretically enhances studentsô motivation by giving 

them control of how they use assessment to inform revision, re-learning, and next steps (Andrade 

& Valtcheva, 2009; Brown & Harris, 2013). Yan and colleagues (2019), using task- and domain-
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unspecific survey measures of Hong Kong secondary school studentsô self-assessment actions 

and intention to self-assess, found that participantsô perceptions of control in the self-assessment 

process weakly predicted their intention to self-assess, but not the actions they endorsed. This 

finding further suggests that SSA that provides opportunities for students decide how to revise 

and improve will enhance their motivation to self-assess. Further, a sense of control developed 

through SSA will logically build their sense of control within a subject area, thereby improving 

their motivation in that subject. However, the steps students actively take to manage their 

motivation and affect during SSA remain unclear and underexplored.       

Feelings of anxiety at having to disclose SSA results to teachers or peers can influence 

what students choose to share about their products, processes, or abilities (Harris et al., 2009; 

Raider-Roth, 2005). Moreover, students have perceived being made to self-assess as oppressive, 

a mechanism whereby teachers impose success criteria with which students may not agree 

(Brown & Knight, 2004; Tan, 2004). Studentsô feelings of trust and their perception of power 

and fairness in their classrooms thereby influence how they perceive self-assessment. For 

example, Andrade and Du (2007) found that participants reported feeling unmotivated to learn 

teachersô success criteria through SSA when they did not trust their teacher. Similarly, Yan and 

colleagues (2019) found that feelings of psychological safety were a significant predictor of both 

the self-assessment actions and intention to self-assess by surveying Hong Kong K-12 students. 

Thus, a key tension in SSA emerges wherein teachers need students to disclose their self-

assessments to teachers so teachers can help them improve their SSA skills, yet this requirement 

may present challenges for useful SSA that improves studentsô learning where conditions are not 

right (Andrade & Brown, 2016; Dunning et al., 2004). A classroom culture predicated on trust 

and mastery goal orientations is necessary for students to engage in SSA that supports their 
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learning if they are required to disclose their self-assessments (Andrade & Brown, 2016; 

Tierney, 2013). Issues of power and trust also add support to SSA approaches that involve 

teachers and students co-constructing success criteria (Taras, 2010). In any case, these findings 

collectively suggest that students manage a range of feelings during SSA by carefully filtering 

what they choose to disclose. 

Sociocultural context can also shape what students feel is comfortable or appropriate to 

say about themselves (Andrade & Brown, 2016). For instance, as modesty and collectivism are 

valued in Confucian heritage societies (e.g., China, Singapore), students in these societies may 

be inclined to underestimate their performance. In contrast, students in Western cultures that 

value individualism and high self-confidence (e.g., the United States) may feel motivated to 

overestimate their performance. 

Panadero et al. (2020) had middle and high school students think aloud while analyzing 

and evaluating the quality of work they had completed in Spanish and math. From the think 

aloud data, the researchers identified both strategies and criteria participants used to inform their 

judgements about their work. Their analysis revealed that participants used intuition as a basis 

for judging their work across both subjects. This finding supports Yan and Brownôs (2017) 

finding that pre-service teachers in Hong Kong reported that they referred to their gut feelings 

and physical sensations when making decisions about when work was ready to submit. While 

Panadero and colleaguesô (2020) findings were drawn from think alouds, Yan and Brownôs 

(2017) were based on semi-structured interviews. Collectively, these studies suggest that 

affective states shape how participants judge the quality of their work, indicating that affective 

states might shape the control phase of the cognitive area. How students manage affective states 

(i.e., the control level of the affect/motivation area) was not explored in these two studies.   
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Reaction and Reflection. Self-regulated learners reflect on the influence of 

affect/motivation on their perceived outcomes in a task. Teachers can use formative assessment 

to provide students with opportunities for success on more consequential summative 

assessments. Providing opportunities for success on assessment tasks has been shown to 

empower students with positive affect, self-efficacy, expectations of success, and attributions 

that they have control over outcomes when they engage in similar assessment tasks in the future. 

Ross (2006) posits that, because it is inherently designed to help students more closely 

align their work with desired outcomes, regular SSA provides students with frequent 

opportunities to experience success. As such, students who engage in classroom SSA frequently 

are more likely to attribute their performance to their understanding of success criteria and the 

strategies they used to integrate them. Such positive attributions will likely result in both greater 

self-efficacy to self-assess in the future (Panadero et al., 2017) as well as more proactive self-

regulation approaches when engaged in future similar learning tasks (Zimmerman, 2013).    

Yanôs (2020b) survey of the actions Master of Education students employed in each 

phase of an assignment found that participants reported relatively greater use of SIF than other 

self-assessment actions after receiving a final grade on their assignments. This finding suggests 

that learners rely on affective reactions to inform reflections on the strengths and weaknesses of 

their products and processes after they have received external feedback on their performance. 

Empirical Research on Cognitive and Affective Processes of Students Engaged in SSA 

Two key lines of empirical research shed light on how students think and feel while self-

assessing and how their thoughts and feelings inform their SSA behaviours. The first explored 

the ways in which young learners formulated generalized judgements about themselves as 

learners (e.g., I am good at reading). The second and more developed line of research explored 
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the actions or practices learners employ when making judgements about the quality of their 

work. However, these lines of research have both conceptualized self-assessment as an internal 

skill or trait, rather than a classroom process. Little is therefore known about how students think 

or feel during authentic classroom SSA, limiting understandings of how teachers can support 

students during SSA. Additionally, similar methodological limitations found in both lines of 

research hinder their capacity to inform a credible SSA facilitation theory. 

Butler (2018) examined the internal processes of self-rating by exploring how young 

English-language learners in Japan rated themselves using can-do protocols and Likert scales. 

Participants completed two self-report questionnaires, rating themselves on the same skills (e.g., 

reading) in each questionnaire. One questionnaire utilized can-do items (i.e., ñI can do thatò or ñI 

cannotò) and the other was comprised of bipolar Likert rating scales. Items were simple ability 

judgements, e.g., ñI can understand questions about myselfò and ñI can understand the teacherôs 

instructions.ò Butler interviewed each of the participants to gain an understanding of how they 

arrived at their ratings in each case. She found that students provided more justification for their 

self-ratings using the Likert items than the can-do items, suggesting that the Likert items elicited 

deeper cognitive processes while the can-do ratings were based on heuristics. When rating 

themselves on Likert scales, the students engaged in a four-step process: (1) interpreting 

(sometimes misinterpreting) the question; (2) considering a hypothetical situation or a 

remembered experience to inform their self-rating; (3) considering multiple experiences and 

meaningful others (e.g., peers, parents) to set a reference point for judgement, and (4) making a 

judgement on the scale. Butler also found that, based on participantsô justifications, their ratings 

had more to do with their self-efficacy and motivation to engage in the task described in the item 

than a realistic understanding of their own skills or knowledge. This significant finding further 
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highlights the important role motivation and self-efficacy play in cognitive processes students 

adapt when engaged in SSA.   

While Butlerôs (2018) findings uncover internal processes of self-rating, there are some 

key limitations to her study that hinder its capacity to inform practice. First, the self-rating task 

Butler employed consisted of decontextualized, holistic judgements of personal abilities rather 

than products or processes in authentic classroom environments. Participants were certainly not 

engaged in the type of authentic classroom SSA that is likely to support students SRL 

meaningfully in classrooms (Andrade & Brookhart, 2016; Boud & Brew, 1995; Brown & Harris, 

2013; Panadero et al., 2014); therefore, this process is likely different from that of classroom 

SSA. The lack of authenticity in the self-rating task may also have explained the finding that 

environmental factors had relatively little impact on students self-rating processes, a finding that 

goes against past literature (e.g., Andrade & Brown, 2016; Harris & Brown, 2013). Second, 

Butler noted that the interview technique, which did not include a think-aloud protocol, means 

that recalled experiences may not have represented reality. Third, as SSA is a culturally bound 

process (Andrade & Brown, 2016; Kennedy, 2016; Yan & Brown, 2017), it is difficult to draw 

implications for research and practice outside of the Japanese sociocultural and policy context.   

Yan and colleagues developed a research base examining the practices and actions 

students undertake while completing assignments. Their research is rooted in a theoretical model 

of Hong Kong teacher candidatesô self-reported self-assessment practices (Yan & Brown, 2017). 

Employing a phenomenological interview technique, they found that participants (n=17) engaged 

in a cycle of seeking both external (e.g., peer) and internal (e.g., memories of similar tasks) 

feedback to calibrate work and strategies towards conceptions of goals. They proposed a model 

of three actions learners undertake when self-assessing: (1) determining success criteria, (2) self-
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directed internal and external feedback seeking, and (3) self-reflecting. Yan then used this model 

to construct and psychometrically validate the 20 item Self-Assessment Practices Scale (SaPS-

20; Yan, 2018) and shortened SaPS-12 (Yan, 2020a). The four subscales of these surveys each 

relate to a subprocesses within actions 2 and 3 of Yan and Brownôs (2017) model. Self-directed 

feedback seeking is divided into seeking external feedback from monitoring (SEFM), seeking 

external feedback from inquiry (SEFI), and seeking internal feedback (SIF). SEFM refers to 

actions in which learners seek feedback from resources that help them understand their 

performance in relation to desired outcomes (e.g., past exams, rubrics). SEFI are actions that 

involve seeking feedback on performance from others (e.g., peers, parents, teachers). SIF 

describe students referring to emotions, instincts or gut responses for guidance while completing 

a task. Finally, relating to action 3, self-reflection (SR) actions describe judgements students 

make about their products and processes as a result of feedback which they use to calibrate their 

perceptions of their current performance, desired outcomes, and future efforts to close the gap. 

Surveying the self-assessment practices of K-12 students in Hong Kong, Yan and 

colleagues (2019) found that intention to self-assess and self-efficacy shaped how students 

practiced self-assessment. Further, several motivational factors ï attitude, subjective norms, 

perceived controllability, and self-efficacy ï were significant predictors of studentsô intention to 

self-assess, reinforcing the central role motivation/affect plays in studentsô self-assessment 

processes. Yan (2020b) recently used the SaPS-20 to characterize self-assessment at each stage 

of SRL and to investigate relationships between practices at different stages and achievement. 

Surveying Master of Education students at three stages completing a course assignment ï 

preparatory, performance, and appraisal ï Yan found that participants favored different self-

assessment practices at each SRL phase, with SEFM in the performance phase emerging as the 
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most significant predictor of achievement. Significantly, this research supports the theory that 

learners engage in self-assessment actions at each phase of SRL instead of just in the appraisal 

phrase (e.g., Harris & Brown, 2018; Panadero & Alonso-Tapia, 2013; Panadero et al., 2018). 

Yan reported several important patterns. For example, participants who highly engaged in self-

assessment performed better on the task. Participants who favored SEFI in the performance 

phase had lower achievement, perhaps a reflection of their lower confidence in their process and 

understanding of the task requirements. However, since participants received their final grade 

before completing the SaPS-20, self-assessment actions may have been shaped more by reactions 

to the final grade than how they normally self-assess after completing a task. To illustrate, 

achievement was found to be negatively correlated to SR and SEFI in the appraisal phase, 

suggesting that participants who achieved well spent little time reflecting on their emotional 

response and future steps. This could be because, as they were satisfied with the grade, they did 

not feel the need to ruminate over their performance. I speculate that high-achieving students 

would likely be more invested in self-assessment when appraising their finished work before 

submitting. 

While the contributions of Yan and colleagues above are significant, there are five areas 

which merit further research. First, as self-assessment is a culturally bound process, findings are 

limited to the Hong Kong context (Yan, 2020a, 2020b; Yan & Brown, 2017). Second, the 

theoretical model underpinning this work is based on interviews with teacher candidates in the 

researchersô program ï the threat of social desirability influencing what they disclose about their 

self-assessment processes was high (Yan & Brown, 2017). Additionally, the participants were 

enrolled in a classroom assessment concentration and were likely more exposed to theoretical 

underpinnings of self-assessment than both general populations and even teacher candidates 
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outside of this focus. Research has suggested that students in higher education are not 

representative of the general population in terms of abilities (Henrich et al., 2010); it logically 

follows that teacher candidates, particularly with additional interest and knowledge in 

assessment, may genuinely experience or at least report more sophisticated or comprehensive 

uses of self-assessment. More importantly, SRL is a particularly important skill for students to 

success in higher education because contextual factors demand highly independent learners 

(Yan, 2020b). Yan and Brownôs (2017) participants are therefore likely more self-regulated than 

general K-12 populations as those who lack SRL would not have made it to teacher candidacy. 

The model may not be generalizable to students in K-12 contexts, and there is thus an impetus to 

examine self-assessment processes in general K-12 educational contexts (Yan et al., 2019). 

Given that SRL, and therefore self-assessment, are essential skills for success in university and 

environments beyond and lacking the support of K-12, examining K-12 studentsô processes are 

critical to ensuring they have these skills before leaving grade 12 (Andrade, 2010; Brown & 

Harris, 2014; Nicol & Macfarlane-Dick, 2006; Panadero et al., 2016).  

Third, and more importantly, Yan and Brownôs (2017) model and subsequent research 

operationalize self-assessment as a decontextualized set of actions (i.e., a trait) rather than a 

classroom activity guided by educators to improve studentsô SRL (i.e., a state). This points to the 

distinction that their research examines the practices/actions students take while assessing their 

own tasks as they work on them rather than the cognitive and affective processes ï i.e., the 

thoughts and feelings ï of students engaged in classroom SSA designed to improve their SRL. 

To illustrate, actions in their self-assessment practices construct refer to things students do 

outside of classroom contexts (e.g., seeking feedback on work from a parent, completing past 

papers to question their knowledge, appraising mastery by completing extra exercises). On the 



41 

 

SaPS-20, SR and SIF items do refer to internal practices; however, they are still decontextualized 

and apply to processes students engage in while completing generic assignments or studying 

(e.g., ñMy intuition tells me if Iôm doing a good job or notò, ñAs I study, I think about whether 

the way Iôm studying is helping me learnò, ñI pay attention to my assignment results in order to 

identify what I can do better next timeò; Yan, 2020a, p. 4). Consequently, Yan and colleaguesô 

findings do not shed light on the ways in which students think and feel while engaged in 

authentic classroom SSA; rather, they examine sub-actions of self-assessment students undertake 

in any generic learning task or environment.  

Last, the role of affect in self-assessment lacks granularity. The SIF subscale on the 

SaPS-20, consisting of four items, operationally defines internal actions that could be considered 

related to affect: referring to instinct, emotions, or physical sensations when self-assessing work 

or strategies (Yan, 2020a; Yan et al., 2019). However, as motivational factors like goal 

orientation (McMillan & Hearn, 2008), motives for self-assessing (Sedikis & Strube, 1995), self-

efficacy judgements (Panadero et al., 2017), and feelings of trust (Andrade & Brown, 2016) are 

theorized to play a seminal role in how students think while self-assessing, a more 

comprehensive view of affect/motivation is needed to adequately explain the mechanisms by 

which self-assessment can improve learning. 

Recently, Panadero and colleagues (2020) employed a novel approach to studying SSA 

practices with the aim of capturing these practices during self-assessment. They utilized think 

aloud protocols and video recordings to examine the strategies and criteria high school students 

(n=64) applied when self-assessing their work in two subject domains: math and Spanish. 

Further, they examined relationships between self-assessment practices and age, gender, domain, 

and the presence and absence of teacher feedback. In an uncounterbalanced within-participants 
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design, participants completed a task in their respective subject class and submitted their work to 

their teacher. The Spanish task was completed before the math task. Later, studentsô work was 

returned to them and they engaged in a video recorded think aloud wherein they described the 

quality of their work and explained their evaluations. Students thought aloud just before 

receiving the teacherôs feedback and again after receiving teacher feedback within the same 10-

minute session. The authors transcribed the think alouds and inductively coded them to create an 

inventory of strategies and criteria across both subjects. Strategies referred to different actions 

students took to inform judgements of their work (e.g., re-read the question or prompt, interpret 

the teacher feedback, review the math signs); criteria referred to the standards students described 

as guiding their judgements (e.g., intuition, teacher criteria they remembered related to the task, 

spelling, without clear criteria). The authors sought to use the video recordings of studentsô facial 

expressions to interpret their emotional processes during self-assessment; however, challenges 

related to interpreting the facial expressions rendered their measurements weak and they chose 

not to report on those findings.  

After creating an inventory of strategies and criteria across the two domains, the 

researchers examined the relationships between these self-assessment practices and domain, age, 

gender, and feedback. While the authors reported several statistically significant relationships 

between self-assessment practices and gender and age, one relevant finding was that students 

employed fewer and different self-assessment strategies after receiving the teacherôs feedback on 

their work. The authors concluded that providing teacher feedback quickly after a task may 

truncate productive self-assessment processes as students defer to teacher feedback rather than 

engaging in deep reflection of their performance. They suggest giving students an opportunity to 

self-assess their work before providing teacher feedback to enable them to practice self-
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assessment strategies. That students engage in fewer self-assessment strategies after feedback has 

been given in a task supports my speculation on Yanôs (2020b) finding that students seemed to 

disengage from assessing their own work after receiving a grade from the teacher, especially if 

they achieved a high grade. Another important finding from Panadero and colleaguesô (2020) 

study was that different self-assessment strategies and criteria emerged in the two different 

subjects. Some strategies appeared in both subjects (e.g., re-read the response to the task, re-read 

the question, read and process the feedback received), but many strategies emerged that were 

specific to Spanish (e.g., compare the question/task to the response, think of different responses, 

activate memory of similar tasks) and math (e.g., replace the x, evaluate the procedure followed, 

review the signs). Similarly, while there was some overlap, there were also several differences in 

the criteria students used to evaluate their performance across the two subjects. For example, 

students considered their application of rules in both subjects, but only based their evaluations on 

their self-efficacy in math and unsurprisingly only considered spelling in Spanish. Overall, 

students activated a richer variety of criteria in math than in Spanish. The authors concluded that 

self-assessment strategies are different across subject domains and that educators need to help 

students develop both general self-assessment strategies as well as subject-specific ones. 

However, these findings should be interpreted with consideration of practice effect threats 

present in the researchersô within-participants design which they recognize was not 

counterbalanced and to which they are particularly susceptible. 

Panadero and colleaguesô (2020) study represents a step in the right direction; however, 

their findings face many of the significant constraints of the empirical research explored above. 

By collecting data on the ways in which students formulate judgements about their own work 

while students were engaged in the process, their think aloud protocol opened the possibility of 
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collecting volatile data from the thinking process that would be lost in retrospective measures 

(Winne et al., 2019). Their study thereby provided a relatively fine-grained list of strategies and 

criteria participants used to make judgements about their work before and after reading teacher 

feedback. They also focused their study on a K-12 population. However, four limitations of this 

research need to be addressed to support a theory of SSA processes that can inform effective 

SSA implementation in the classroom. First, while data were collected in real time, they are still 

task unspecific. Participants were asked to simply think out loud when reviewing work they had 

previously completed; they were not engaged in an SSA activity. Thus, their findings, like those 

of Yan and colleagues (e.g., Yan, 2020b; Yan & Brown, 2017) relate more to how students make 

internal judgements of their work than the cognitive and affective processes at play during a 

classroom SSA activity. Moreover, students were removed from their classrooms individually to 

complete the think alouds with researchers and video recording devices present, effectively 

diminishing the ecological validity of their findings.  

Second, the authorsô inductive analysis of qualitative data merely identified and tallied 

strategies and criteria. They did not assemble a model or framework to represent a temporal SSA 

process. Instead of unpacking SSA processes, their study was more concerned with identifying 

strategies and criteria and identifying associations with these and other variables (e.g., age, 

subject, before or after feedback). While these associations offer valuable insights, they do little 

to support teachers in effectively and systematically support students during SSA activities.  

Third, the authorsô attempts to capture data related to affect via video recordings of facial 

expressions proved unsuccessful when these data were difficult to interpret. Thus, the critical 

affective processes of SSA remain unclear, leaving teachers with little guidance for supporting 

students in managing affect and motivation during SSA.  
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Fourth, the authors conclude that teachers may need to support both self-assessment 

strategies related to a specific subject and general self-assessment strategies. Their study 

primarily dealt with the former; however, some insights into the latter were apparent in the 

strategies that overlapped the two subject areas (e.g., re-reading the question). To inform a theory 

of SSA cognition, an a priori theory of cognition should be used to interpret SSA processes; 

otherwise, exploratory inductive analysis reveals subject-specific strategies (e.g., replace the x) 

rather than cognition. As I have argued earlier, I contend that investigating SRL processes of 

students engaged in SSA will support a theory of cognition underpinning SSA useful for 

supporting SSA processes across domains.  

Empirical research has illuminated how learners rationalize self-ratings (Butler, 2018) 

and the ways learners form judgements about their own work outside of an SSA activity 

(Panadero et al., 2020; Yan, 2018, 2020a; Yan & Brown, 2017; Yan et al., 2019). However, the 

cognitive and affective mechanisms of students engaged in SSA, particularly those in K-12 

contexts (Yan et al., 2019), during classroom SSA activities remain unclear. What is missing is 

empirical research that uncovers interactions in how students think and feel while engaged in 

classroom SSA that activates studentsô SRL processes. I contend that a more fruitful line of 

inquiry would examine the cognitive and affective/motivational mechanisms of students as they 

work through an evidence-informed classroom SSA activity as a way forward in facilitating a 

theory of SSA implementation for K-12 students. Examining these mechanisms whereby SSA 

improves learning can illuminate how SSA co-regulates studentsô learning, how students engage 

in this co-regulation process, and ways in which educators can use SSA to support students in 

becoming better self-regulators.         
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Measuring Learning Processes 

Winne et al. (2019) define a learning process as motivated cognitive operations learners 

apply to progress towards a goal. Classroom assessments are typically characterized as a learning 

event, or process, that unfolds over time ï especially when interpreted in the context of a phase 

model of SRL (Andrade & Brookhart, 2019). Winneôs definition can certainly describe the 

process of SSA that meets Brown and Harrisô (2013) criterion: deep engagement with SRL 

processes. Winne and colleagues (2019) argue that measuring learning processes is challenging 

because key data from learning processes exist only for short instances within learning processes. 

The authors call this volatile data ï examples include thoughts, eye movements, feelings, and 

actions. Such cognitive and affective operations vary rapidly and are often subconscious or 

immediately forgotten by the learner: ñlearning occurs at the speed of thoughtò (p. 96). 

Volatile data pose clear challenges for valid, comprehensive measurement of learning 

processes. While convenient and common, self-report methods (e.g., surveys, interviews, think-

aloud protocols) have well-documented limitations (Winne, 2017, 2018, 2019a, 2020; Yan et al., 

2019). Surveys allow for large sample sizes, but they are particularly limited in their capacity to 

capture volatile data from learning processes because participants are not surveyed during 

learning processes. Retrospective, decontextualized (i.e., offline) interviews and surveys have 

been found to elicit responses that are distortions of reality (Schellings et al., 2013). Volatile data 

can only be collected during the learning process, i.e., using online measures. Think-aloud 

protocols and or eye-tracking can capture some volatile data, but they limit the sample size and 

require training participants. More importantly, these methods may interfere with or affect the 

learning process (Winne, 2018, 2019a; Winne et al., 2019). Winne (2017) advocates for 

leveraging big data to progress the learning science. 
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To address these barriers, researchers have developed and validated learning analytic 

softwares to collect trace data (e.g., Veenman, 2007; Winne et al., 2019). Traces are motivated 

user actions that support strong inferences about cognition, affect, and motivation. Trace data can 

be analyzed qualitatively (i.e., absent or present) and/or quantitatively (e.g., graph theoretic 

statistics) to make inferences about cognitive processes based on SRL models (P. Winne, 

personal communication, November 29, 2019). Direct traces of cognitive processes, trace data 

are more dependable than proxy moderator variables typically examined in research on effects of 

learning interventions, which tend to be distal anyway (Cleary et al., 2021; Winne et al., 2019). 

Further, traces enable analyses of extremely high volumes of data and this enables a much larger 

sample size than other methods, like eye-tracking, interviews or think-aloud techniques (Winne, 

2017). When SSA is studied as a learning activity, trace data provide a unique opportunity to 

ambiently capture volatile SRL processes as they occur in the task and without the inherent 

issues of self-reports of cognitive processes (Schellings et al., 2013). Trace data have been used 

to study and generate profiles of learner cognition in a range of activities (Hadwin et al., 2007; 

Malmberg et al., 2010; Nesbit et al., 2006; Perry et al., 2010; Winne et al., 1994). These studies 

highlight that trace data provide more complete and granular understandings of SRL than self-

report data alone (Callan & Cleary, 2018; Veenman, 2007; Winne, 2018, 2019a; Winne et al. 

2019). For example, Beheshitha et al. (2015) used trace data to examine the relationship between 

studentsô self-reported aptitudes and their SRL processes. Concluding that traces provided more 

information related to participantsô cognition than self-reports, this research added support for 

trace dataôs value in capturing data that self-report methods cannot. Further, given the capacity of 

trace data to inform profiles of each participantsô cognitive and affective processes during a 

learning activity (Hadwin et al., 2007), they are capable of supporting research that analyzes data 
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at the participant level before aggregating up, a requisite of research that supports learning and 

learning science (Winne et al., 1994). 

Literature Summary  

Given the wide range of conceptions of self-assessment exist in the literature, it is critical 

to pin down a clear definition of how SSA is conceptualized in this study. Broadly, self-

assessment has been characterized as a foundational, underlying SRL subprocess and as a 

classroom assessment activity that, when practiced consistently, buttresses the underlying SRL 

subprocess (Panadero & Alonso-Tapia, 2013). In order to support teachers and students in 

developing the foundational SRL processes that support effective learning, my study focuses on 

the conception of SSA as a classroom assessment activity ï a critical mechanism whereby 

teachers make SRL subprocesses explicit for students (Nicol & Macfarlane-Dick, 2006). 

Moreover, a wide variety of activities ï ranging from simple self-ratings to deep systematic 

approaches ï have been called SSA in the literature (Andrade, 2019; Panadero et al., 2016). 

Research points to classroom SSA tasks that scaffold SRL processes and thus operate during 

works-in-progress as the conception most suitable to improving studentsô learning (Andrade, 

2019; Brown & Harris, 2013). I carry forward Andradeôs (2019) conception of SSA that 

explicitly involves students applying their self-assessments by revising their work. I studied SSA 

processes of a specific, evidence informed SSA activity that involves students producing a draft 

of work, evaluating their work against an analytic rubric and contrasting exemplars, self-

generating feedback, and revising their work (Andrade, 2019; Brown & Harris, 2013; Lin-

Siegler et al., 2015). 

To enable teachers to support student learning through SSA, the cognitive and affective 

processes of students engaged in SSA activities must be unpacked (Andrade, 2019). 
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Significantly, theory and research related to how students think and feel during SSA is largely 

based on a decontextualized skill-based view of SSA, similar to SRL, rather than on authentic 

classroom practices reflective of a suite of teacher-facilitated processes designed to deeply 

engage students in SRL processes. In other words, the discourse has largely treated SSA as a trait 

rather than a state. I have not found any research that has studied the ways in which students 

think and feel during a classroom SSA activity (i.e., SSA as a state); instead, research has 

attempted to examine the practices students deploy to formulate judgements about the quality of 

their work in general (i.e., SSA as a trait). If teachers in K-12 contexts are to use SSA to help 

students achieve independence and autonomy to reach their learning goals, research must shift 

focus from exploring how students form judgements about themselves in general to how 

studentsô thoughts and feelings interact to inform self-judgements and subsequent revision, re-

learning, and next steps while they are engaged in authentic, classroom SSA activities. My 

research aims to capture the cognitive and affective processes of students engaged in SSA as a 

state. 

To study the cognitive and affective processes of students in a state of SSA, data must be 

collected while students are engaged in an SSA activity. However, as related scholarship has 

generally conceptualized SSA as a fixed trait that does not shift across SSA activity type or 

subject, studies have collected data on SSA without engaging participants in any type of SSA 

activity (e.g., Butler, 2018; Sargeant et al., 2010; Yan, 2020b; Yan & Brown, 2017). Instead, 

empirical research related to SSA processes has relied almost exclusively on decontextualized 

self-report measures, i.e., surveys and interviews with domain- and task-unspecific items. Data 

from these studies were not collected during an SSA activity, nor even following an SSA 

activity. None of the self-report measures asked participants asked to recall an SSA activity 
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when self-reporting. Problematically, domain- and task-unspecific self-reports have been shown 

to bear little resemblance to participantsô actual cognition related to learning processes or events 

(Schellings et al., 2013; Veenman, 2007). Unless participants have perfect memories, 

retrospective self-reports are incapable of capturing volatile data, i.e., thoughts or feelings which 

are forgotten almost immediately after they occur (Winne, 2020; Winne et al., 2019). 

Furthermore, given the vast diversity of activities called SSA across subjects (Andrade, 2019; 

Brown & Harris, 2013; Panadero et al., 2016), it is unlikely that participants in the discussed 

research were conceptualizing self-assessment the same way when responding to generic survey 

and interview items (Winne, 2020), making generalized claims about self-assessment processes 

meaningless. Panadero et al. (2020) was the only study I know of to collect data while students 

engaged in a process; however, as discussed earlier, their participants engaged in think alouds 

while merely reflecting on the quality of their work rather than engaging in an authentic SSA 

activity. Among other limitations discussed, the lack of an authentic classroom activity SSA in 

Panadero and colleaguesô (2020) study means that a credible facilitation theory based on their 

research is implausible because their study characterizes SSA as an internal activity rather than a 

classroom learning event. Like all classroom assessment activities, SSA activities are learning 

events or processes that unfold over a period of time (e.g., a lesson; Andrade & Brookhart, 2019; 

Winne et al., 2019). Therefore, drawing from scholarship of measuring learning events (e.g., 

Cleary, 2011; Hadwin et al., 2007; Winne et al., 2019), I employed a methodology capable of 

capturing highly volatile evidence of SSA cognition and affect while participants were engaged 

in an authentic, evidence informed SSA activity. 

Credible theories of SSA processes must be based on participantsô behaviours during 

SSA activities rather than self-report data. All known research related to SSA processes has been 
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based on self-report data. As discussed earlier, self-report data have been consistently found to 

be unreflective of participantsô observed SRL and studying behaviours during learning events 

(Veenman, 2007; Winne, 2017, 2018, 2019a; Yan et al., 2019). Discussing predictors of self-

assessment intention and practices, Yan and colleagues (2019) concluded that ñfuture research 

should employ innovative methods (e.g., digital traces, eye tracking, etc.) to minimize the 

limitations associated with self-report dataò (p. 15). My research addresses this call by drawing 

primarily on digital trace data. Behavioural traces are a learnerôs motivated actions during a 

learning event that support strong inferences about their cognition and affect/motivation (Winne 

et al., 2019). Trace data have been shown to collect more comprehensive and veridical data on 

SRL and studying behaviours (Beheshitha et al., 2015; Callan & Cleary, 2018; Hadwin et al., 

2007). Trace data must be interpreted within the context of the learnerôs behaviours (Winne et 

al., 2019); therefore, I drew on session (i.e., screen) recordings of participantsô web-based 

actions during an SSA activity. Session recordings enabled an unparalleled understanding of the 

context upon which to support strong inferences about participantsô cognition and 

affect/motivation. Thus, my findings were based on studentsô actual behaviours during an 

authentic classroom SSA activity to construct an understanding of their SSA processes of 

sufficient granularity to inform learning. 

SSA processes are shaped by the social conditions of every classroom (Andrade & 

Brown, 2016); therefore, it is critical that SSA processes are interpreted with full consideration 

of the classroom learning culture. Previous research related to SSA processes has detected that 

social dynamics shape how people formulate judgements of themselves and their skills (Butler, 

2018; Sargeant et al., 2010). My thesis builds on the premise that SSA processes vary across 

classroom assessment cultures (Allal, 2016; Andrade & Brown, 2016) and that a clear and 
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detailed understanding of a classroom context must be understood to frame findings related to 

SSA processes. Further, my study collected trace data unobtrusively while participants 

completed an SSA activity in an authentic classroom environment and within a lesson that 

integrated into their regular curriculum. The authenticity of the activity and the environment 

ensured a high level of ecological validity. My thesis situates SSA processes within the 

classroom context by employing a multimethod case study. The use of a case study and ensured 

findings were framed within the context of a detailed case history (Privitera & Ahlgrim-Delzell, 

2018). Perhaps more importantly, data were analyzed at the participant level before aggregating 

up in order to support participantsô learning (Winne et al., 1994). Thus, my study employed a 

collective case study to enable comparisons across cases that were bound by a similar classroom 

context and teacher (methods are detailed in chapter 3).  

SSA research must shift focus to K-12 contexts to prepare students with critical SRL 

skills needed to thrive in school and beyond (Bourke, 2016; Brown & Harris, 2014; OECD, 

2018). However, research related to SSA processes has focused on higher education contexts, 

specifically within teacher education or medical education, with few exceptions (specifically, 

Panadero et al., 2020; Yan et al., 2019). Thus, current understandings apply to populations who 

likely have well developed SRL skills, raising questions about how teachers can support students 

in K-12 so they have equal opportunity to build necessary SRL skills for success beyond school. 

I begin to address this gap by focusing my study on Year 12 students. As SSA activities 

(Andrade, 2019) and processes (Panadero et al., 2020) shift across subject domains, and given 

the importance of SSA in learning to write effectively (Graham & Harris, 2018), my research 

focused on SSA in an English class with participants engaged in self-assessing and revising their 

analytical writing. 
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SRL theories are best placed to provide theoretical foundations for the cognitive and 

affective processes of students engaged in SSA for two reasons. First, contemporary 

constructivist understandings of how students learn view teaching in general and classroom 

assessment in particular as providing resources, contexts, opportunities, and guidance for 

students to manage their own learning (e.g., Allal, 2011; Andrade & Brookhart, 2019; Butler & 

Winne, 1995). Second, as a deeply researched and comprehensive ómega-theory,ô SRL 

encompasses core elements of most other learning theories (Andrade, 2013). Thus, in contrast to 

previous research (e.g., Panadero et al., 2020), I posit that SSA cognition and affect is most 

productively understood from a SRL perspective. Due to its inclusion of both SRL phases and 

areas, Andrade and Brookhartôs (2019) model of classroom assessment as co-regulation enables 

examining cognitive and affective mechanisms of SSA with unprecedented granularity and 

comprehensiveness. In this study, I have synthesized SSA literature that offers insights into SSA 

cognition and affect within Andrade and Brookhartôs (2019) model to substantiate a theoretical 

framework to support inferences about studentsô SRL processes during SSA. Based on the 

literature, I posit that the framework presented in Figure 1 (above) provides a comprehensive 

foundation for examining SSA cognition and affect with unprecedented granularity. 

Further, the theoretical framework used in this study supported empirical findings of 

sufficient granularity to inform a SSA facilitation theory. Previous measures exploring how 

learners formulate judgements about their work and skills have only yielded crude 

understandings of these processes which are too generalized to support students during SSA 

(Sargeant et al., 2010; Yan & Brown, 2017). Yan concluded his analysis self-assessment actions 

students employ at each phase of an assignment by arguing that ñonly if the micro mechanism of 

interaction between self-assessment and SRL phases is uncovered, can appropriate instruction 
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and intervention programmes be designed to promote productive self-assessment and SRLò 

(2020b, p. 236). Fine-grained data collected during a defined SSA activity are needed to unpack 

these micro mechanisms of interaction. While Panadero and colleagues (2020) identified a 

granular list of strategies and criteria participants used to judge the quality of their work, their 

think aloud protocol merely enabled a list of these strategies, and their frequencies rather than an 

understanding of participantsô SSA processes. While most learning analytics are incapable of 

collecting fine grained trace data (Winne, 2017), my study employed session recordings to 

generate trace data of unprecedented granularity. Responding to the fundamental calls outlined in 

this literature review within a Year 12 English classroom context, my research utilized learning 

analytics to collect and analyze digital log file traces of fine-grained SRL operations collected 

while students engaged in SSA of their analytical writing. Learning analytics collected data 

ambiently (i.e., without interrupting the learning process) and in an authentic classroom equipped 

with computers, unlike eye-tracking or think aloud protocols.
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Chapter 3  

Methods 

 

A multimethod collective case study methodology (Privitera & Ahlgrim-Delzell, 2018) 

was employed to analyze traces (Winne et al., 2019) of the cognitive and affective processes of 

one Year 12 class engaged in an authentic, evidence-based SSA activity. The following research 

questions were addressed: 

1. What are the cognitive processes of Year 12 students as they self-assess their analytical 

writing?  

2. What are the affective processes of Year 12 students as they self-assess their analytical 

writing? 

In this chapter, I will report on the methodology, data collection, and analysis methods 

used to address the research questions of this study. First, I outline the methodology. In the 

following section, I detail the recruitment procedures and ethics clearance. I then write about the 

data collection methods. In this section, I describe the process of collaborating with and 

interviewing the teacher, the study instrument, and the data collection procedure. Last, I explain 

the data analyses and how these analyses address the two research questions. 

Study Design: A Multimethod Collective Case Study  

I employed a multimethod collective case study methodology (Privitera & Ahlgrim-

Delzell, 2018) to examine the cognitive and affective processes of students engaged in a 

research-informed SSA activity. A clear strength of case studies is their capacity to contextualize 

data. In a case study, the boundaries of the case are explicitly defined by the researcher, enabling 

a clear understanding of the context or contexts to which the findings may apply. A case can be 
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bound by an individual, a group, or an event (Privitera & Ahlgrim-Delzell, 2018), such as a 

learning activity. Case studies tend to employ a variety of methodologies and triangulation of 

data; combined with clearly defined case boundaries, case studies are effective designs for 

unpacking the complexities of a case. Case studies feature a case history, a detailed description 

of the background of the group observed. When they include a detailed case history, case studies 

support a critical approach to theory development and transferability of findings to similar 

contexts (Eisenhart, 2009; Flyvbjerb, 2006; Tierney, 2014). Given that the sociocultural 

dynamics within a classroom shape how students perceive and engage in SSA (Andrade & 

Brown, 2016), a case study enabled me to frame findings within the context of the participating 

class. 

A collective case study ñcompares the individual analysis of related cases, such as 

comparing behavioral symptoms expressed by three children with autism in the same classò 

(Privitera & Ahlgrim-Delzell, 2018, p. 320). Collective case studies have the capacity to support 

comparisons between individual students (i.e., cases) bound by a shared teacher and classroom 

environment. In this way, employing a collective case study enables researchers to analyze data 

at the participant level before aggregating up and making comparisons across participants (i.e., 

cases). The collective case study design can ultimately produce highly rich analyses that can 

generate feedback for each participant within the study. In the context of my study, the students 

in the participating class were the individual cases bound by the learning culture within their 

classroom. 

To investigate studentsô cognitive and affective processes during SSA, my collective case 

study analyzed log file trace data collected from one class of senior high school students as they 

completed a lesson based on a SSA activity. I conducted both qualitative and quantitative 
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analyses on the trace data to interpret the nature and depth of participants cognitive and affective 

processes. Specifically, quantitative analysis included frequency counts of cognitive and 

affective operations and graph theoretic statistics to examine patterns in these operations. 

Qualitative analysis consisted of a) content analysis of each participantôs writing and notes 

during the SSA activity, which elucidated the depth of studentsô use of each operation, and b) 

thematic analysis of writing across participants and qualitative surveys. All recruitment, data 

collection, and collaboration procedures were conducted remotely using Microsoft Teams, 

phone, and email. 

Recruitment and Participants 

I employed a convenience sampling strategy to recruit one senior high school class and 

their teacher to participate in this study. In this strategy, I contacted high school (grades 9-12) 

administrators via phone and email. I explained the purpose and procedures of the study and 

emphasized the benefits for teachers and students. Benefits for the teachers included (a) learning 

about and participating in an effective approach to SSA backed by research, (b) having the 

opportunity to collaborate with me in tailoring the learning goals to their studentsô needs, and (c) 

receiving profiles of their studentsô thinking and feeling during SSA to enable them to support 

studentsô SSA processes and SRL. Based on the literature, potential benefits for students 

included increased achievement, self-efficacy, motivation, and understanding of success criteria 

in analytical writing (Andrade, 2019). I also offered to provide students with individualized 

feedback on their SSA thinking and feeling processes and steps they can take to become more 

effective self-assessors. Once I had secured administrator support, I approached secondary 

school English teachers in their school via email and/or phone to explain the study purpose, 

design, and potential benefits. When introducing the study, I emphasized that we would 
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collaborate to ensure the SSA task and data collection aligned with their curriculum. I then 

arranged with the teacher to visit their class remotely and invite students participate by briefly 

introducing the study, its purpose, and the potential benefits for those involved.  

Through this process, I recruited one Year 12 English Literature class (n=16) in the 

United Kingdom (UK) and their teacher. I recruited within this UK school for two reasons. First, 

I had recently worked in this school for five years as an English teacher, meaning that I had a 

good understanding of the context at the school and jurisdictional levels. I had experience 

working in the UKôs high-stakes testing culture (Stobart, 2008) and the assessment micro-

cultures (Allal, 2016) in the school. My experience and deep personal understanding of the case 

would help me interpret and contextualize findings from this case study. Second, I had 

professional connections within the school. Given the challenges of recruiting participants in 

secondary schools during the COVID-19 pandemic, these professional connections provided a 

rare opportunity to study SSA processes in a secondary school population. Conducting this 

research with secondary school student participants was critical given that SSA processes are 

important before students leave secondary school (Brown & Harris, 2014) and that there is a 

paucity of SSA research in K-12 populations (Yan et al., 2019). In the UK, students in Year 12 

are 16-17 years old, about the same age as students in grade 11 in Canada. Students in Year 12 

are no longer required to take English, so the participating students in this study had elected to 

take this English Literature course. Students in this class were all preparing for their English 

Literature Advanced Level Qualifications, also known as A levels. A level exams are generally 

sat at the end of Year 13. These exams are high stakes exams because studentsô results on their A 

level exams across a variety of subjects are the primary selection mechanism for admission to 

university programs (Universities and Colleges Admissions Service, 2021). Therefore, all the 
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students in this class likely aspire to enroll in a university program that requires a specific 

minimum result on the English Literature A level exam. Ten students in the participating class 

were women, five were men, and one was genderfluid and non-binary. More details about the 

participating class are provided in the case history (see Results). 

Consent Procedures and Ethics Protocols 

The teacher provided consent to participate in the study by reading and signing a 

combined Letter of Information and Consent Form (LOI/CF) in a secure OneDrive for Business 

folder. Student participants were also provided with a combined LOI/CF tailored to their role in 

the study and accessible in a secure OneDrive for Business Folder. However, as the students 

would be engaging in the study procedure as part of their regular curriculum (see ñStudy 

Proceduresò below), a passive consent method was employed whereby students could email me 

or the participating teacher to withdraw their data from the study. The passive consent procedure 

ensured that all students could participate in the study lesson (described below) even if they did 

not want their data to be included in the research. None of the students in the class opted out of 

the study. All data from the study and pilot study are stored on secure encrypted servers at 

Queenôs University. All data were anonymous and identifiable only by a randomized six-digit 

code used for linking data from different sources. Code files that link study codes and 

pseudonyms to real names were stored on separate secure drives from the data. All data were 

only accessible to the researcher. Ethics approval for all recruitment and data collection 

procedures was granted by the Queenôs University General Research Ethics Board (GREB) prior 

to recruitment and data collection. Additionally, the participating school administrators provided 

ethics clearance for the research to be conducted in their school. There are no school boards in 

the UK; schools themselves have the autonomy to approve research conducted within their 
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institutions as long as the research has clearance from a university research ethics board. See 

Appendix B for the GREB clearance letter and LOI/CF forms. 

Data Collection 

This study employed the several data collection strategies to access participantsô 

cognitive and affective processes during SSA. First, a semi-structured interview was conducted 

with the teacher to collect qualitative data to inform the case history. Second, digital traces of 

participating studentsô SRL operations were captured in the form of session recordings of their 

web-based actions during SSA. Keystroke logs were also recorded during the SSA activity to 

provide qualitative insights related to traces. Second, heatmap data were collected to map 

participating studentsô interactions with the study resources (i.e., rubric and exemplars) during 

the study lesson. Fourth, demographic data to further inform the case history and qualitative data 

on participantsô perceptions of their cognitive and affective processes were collected via a survey 

taken immediately after the SSA activity. Data collection strategies are detailed in this section. 

Collaboration Session with Participating Teacher  

Before collecting data, I collaborated with the participating teacher using Microsoft 

Teams to discuss how the study will be implemented. I first explained the SSA activity 

(described below) and how it satisfies the evidence-based principles of effective SSA. Next, I 

worked with the teacher to identify four specific success criteria from the relevant A level 

English literature curriculum that the teacher felt their students were struggling to demonstrate in 

their analytical writing. The teacher identified four criteria he wanted the students to demonstrate 

within the lesson: a) language and imagery analysis; b) context links; c) links and interpretations; 

and d) exploring symbolism and motifs. The identified criteria are called Assessment Objectives 

(AOs) by the exam board and the students have been taught these AOs. The latter AO in 
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particular was requested as a focus for the lesson; the teacher identified that the students were 

consistently struggling to demonstrate this criterion. These success criteria would form the 

learning goals of the SSA task and be integrated into the rubric. Additionally, we chose an 

appropriate literary text and writing prompt on which to base an analytical writing task (i.e., the 

pre-writing) considering level of challenge, the studentsô needs, and the Year 12 English 

Literature curriculum. The teacher wanted the topic of the study lesson to be about the poem 

ñNon sum qualis eram bonae sub regno Cynaraeò by Edward Dowson. The students were 

required to know this poem by their exam board. They had been learning the poem in recent 

weeks but had not had the opportunity to try an exam style question related to it. We agreed that 

I would produce the rubric and exemplars. 

Last, I showed the teacher an ñexit cardò I designed to capture further data on their 

studentsô SSA processes and to characterize key contextual features. See Appendix A for the 

complete exit card survey. A routine at the end of many teachersô lessons, exit cards provide 

students with an opportunity to summarize or demonstrate their learning at the end of the lesson. 

Teachers may use different language to name a similar practice, so I adapted the name of the exit 

card to the language the teachersô students are accustomed to using and hearing. The teacher 

indicated that the students are used to completing ñexit ticketsò, so I changed the title 

accordingly. During my collaboration with the teacher, I asked the teacher to assess the exit 

ticket items to generate face validity evidence and inform necessary revisions (e.g., language is 

clear and understandable for students in their class). The teacher stated that the items suited their 

purposes and that the students would interpret the language as intended. 
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Instruments 

Lesson website. All resources for a SSA-based lesson were uploaded to a webpage so 

that studentsô actions during the self-assessment task could be recorded within an authentic 

classroom context. I coded a simple HTML page and registered the domain name https://self-

assessmentstudy.ca/Resources.html to host this webpage. This simple webpage contained all the 

resources for the lesson on one page so that students did not need to change pages within the 

lesson. The webpage could be accessed on common web browsers (e.g., Google Chrome, 

Internet Explorer). See Figure 1 for selected screenshots of the study webpage, or click the link 

to view the entire page. 

The first element the webpage contained was the writing prompt question (Figure 2). The 

question was chosen by the teacher and decided during our collaboration session. An A level 

style exam item, the question was about the poem ñNon sum qualis eram bonae sub regno 

Cynaraeò by Edward Dowson, a poem that the students could be required to analyze in their A 

Level examination. The writing prompt question was stated as follows: Examine the view that 

Ernest Dowson presents the speaker in this poem as having an obsessive attitude to love. See 

Figure 2 for the complete writing prompt and text of the poem. 

 

 

 

 

 

 

 

https://self-assessmentstudy.ca/Resources.html
https://self-assessmentstudy.ca/Resources.html
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Figure 2  

Screenshot of Writing Prompt and Poem 
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The second element of the webpage was the self-assessment resources: an analytical 

rubric with graduated success criteria and two exemplars of contrasting quality. Analytical 

rubrics with graduated success criteria have been shown to support students in self-assessing 

their own work (Andrade & Boulay, 2003; Andrade et al., 2009; Fastre et al., 2014). Further, 

providing exemplar responses to students helps clarify success criteria, which are often abstract, 

by providing concrete examples of how success criteria can be demonstrated (Lin-Siegler et al., 

2015). Based on a quasi-experiment examining the use of exemplar responses in SSA in grade 6 

writing contexts, Lin-Siegler and colleagues (2015) concluded that providing exemplars of 

contrasting quality were associated with great improvements in studentsô writing than using a 
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strong exemplar alone. The authors speculated that contrasting exemplars helped students 

conceptualize different levels of quality that can be achieved within each success criteria. I 

prepared the exemplar responses myself and shared them with the participating teacher for 

feedback before data collection. See Figure 3 for the complete rubric and exemplars. 

Figure 3  

Screenshot of the Rubric and Exemplars 

 

 

The third element of the webpage was a series of text fields organized under headings. 

Each field contained a basic HTML editor enabling users to type, delete, copy, and paste. One 

field was for students to use to respond to the writing prompt question and another field was for 

students to use to revise their first response after self-assessing. Three fields under the heading 

ñSelf-Assessmentò provided prompts to support students in reflecting on their performance: 

ñHaving read the rubric and exemplars, what have I done well?ò ñWhat should I do to improve 
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my response?ò and ñHow do I feel about revising my first answer?ò. Last, a series of fields 

provided opportunities for students to record their planning, thinking, and feeling during the SSA 

activity. These fields were organized under a series of headings to make them easy for students 

to locate quickly and minimize disruption of the self-assessment process. These headings 

included ñGoalsò, ñResources & Strategiesò, ñThinkingò, ñFeelingò and ñReflectionò. Example 

of prompts in a thinking fields were ñList all the strategies I am using to improve my final 

answerò and ñWhat is the purpose of self-assessing?ò Feeling fields had prompts like ñThis task 

is interesting/not interesting because ...ò and ñList strategies I have used to manage my 

emotionsò. Examples of reflection field prompts were ñList the ways my final answer is better 

than my first oneò and ñHow did my motivation levels affect how well I did in this task?ò. See 

Tables 1-2 for a full list of prompts. Figure 4 shows representative examples of the text fields. 

For the complete webpage, please access the link above. 

Figure 4 

Examples of Text Fields 
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The purpose of these optional fields was to support students in their SSA processes while 

also providing the opportunity to gain insight into the SRL processes they engage in during SSA. 

In this way, the fields supported the overall purpose of the webpage within this study. The 

webpage was ultimately designed to be an engine for trace data, i.e., artifacts of participantsô 

cognition and affect motivation. Contextualized web-based actions can support strong inferences 

of usersô cognition and affect/motivation, and such actions are called trace data ï they are digital 

traces of a usersô thinking (Winne et al., 2019). Recordings of participantsô interactions with the 

website (i.e., session recordings) provided fine grained recordings of traces.  

Learning Analytic Data: Matomo. The primary instrument for data collection was 

Matomo Analytics, a cloud-based web analytics platform ñdesigned around user privacy 

assurancesò (FitzGerald Quintel & Wilson, 2020, p. 1). While originally designed to provide web 

analytics data, Matomo has been used effectively for learning analytics in the context of 

educational research across a variety of countries (e.g., Cervantes et al., 2019; Montanari et al., 

2020; Rip & Falke, 2018; Rohloff et al., 2019). This study utilized Matomoôs cloud service 

called Matomo Cloud, a paid subscription that enables access of Matomoôs features via a user-

friendly user interface. Subscription holders receive space on Matomoôs secure encrypted servers 

and have access to technical support. Matomo cloud is specifically designed for website owners 

that may not have the time, access, or expertise to maintain and develop their own Matomo 

platform in on-premises servers. 

As a web analytics platform, Matomo offers various features to enable website owners to 

generate data on how visitors interact with their website (FitzGerald Quintel & Wilson, 2020). 

Once installed on a website, Matomo automatically records analytics on visitors including IP 

address, geographical location, from which webpage they entered, and time spent on the 
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webpage. All data can be viewed and analyzed in the secure user interface to which only the 

subscription holder has access. Data are securely stored in compliance with the General Data 

Protection Regulation (GDPR) on secure servers and are only accessible by the subscription 

holder. While Matomo offers a range of additional features and types of data, this study used two 

features: heatmaps and session recordings. When installed on a webpage, heatmaps take a 

screenshot of the webpage as a user enters and then collect data on the time and location of 

cursor movements, scrolls, hovers, and clicks (Matomo, 2021a). Matomo can then use this data 

to generate a heatmap which visually represents these interactions using colour coding. 

Superimposed over the screenshot of the webpage, graduated colours are used to indicate 

visitorsô level of interaction across all areas of the page. For each visitor, the subscription holder 

can view three heatmaps, one showing clicks, one cursor movements, and one scrolling. The 

subscription holder can access heatmaps for one visitor, or an aggregate heatmap of groups of 

visitors, to better understand how users are interacting with sections of a webpage. Within the 

context of this study, the heatmaps provided a basis for visual analysis of which parts of the 

webpage resources ï the rubric and exemplars ï the participants used and those they ignored. 

Session recordings collect extremely fine-grained, time stamped data on usersô 

interactions with the website ï cursor movement coordinates, scrolls, clicks, form changes, and 

keystrokes ï and reassemble the data into a visual recording of each page visit (Matomo, 2021b). 

Session recordings can be accessed in the user interface and played back much like a video or 

screen recording. During playback, coloured lines indicate cursor movement trajectories and 

scrolling while dots indicate clicks. These visual features trace a visitorôs interactions with the 

webpage throughout the course of their visit. Session recordings can be played back, paused, 



70 

 

sped up, or slowed down. Matomo session recordings offer the perfect opportunity to collect 

trace data while learners complete a learning activity on a webpage. 

Traces, artifacts of cognition and affect, must be interpreted in the context of their 

learning process (Winne et al., 2019); problematically, most learning analytics platforms do not 

capture data of sufficient granularity to examine highly volatile and critical data (Winne, 2017, 

2018, 2019a). However, Matomoôs session recording feature offers an unparalleled opportunity 

to collect extremely fine-grained trace data with a complete visual and chronological record of 

participantsô actions. Matomo collects data in an ambient way while users interact with a website 

(Matomo, 2021b): students completing an authentic classroom SSA activity on a webpage would 

be able to engage in the activity without any disruptions or compromises related to ecological 

validity or authenticity of the activity that would be imposed by similarly ambient measures 

(e.g., eye tracking; Winne, 2018). Further, Matomo enables the collection of trace data while 

students worked in an authentic classroom environment equipped with computers. Using 

Matomo to capture the cognitive and affective mechanisms of students engaged in self-

assessment is thus the ideal method for capturing volatile data on what happens in óthe next black 

boxô. 

Exit Ticket Survey. An exit ticket survey also collected further data on participantsô 

cognitive and affective processes during the SSA activity. The purpose of the exit ticket was 

twofold: (a) to collect key demographic information that the teacher might not be able to provide, 

and (b) to collect self-report data on studentsô thinking and feeling processes during the self-

assessment activity. Research has shown that task-specific self-report surveys conducted 

immediately after an activity result in more accurate self-reports of cognitive processes than 

task-unspecific self-report methods (Schellings et al., 2013). While retrospective self-reports ï 
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even those conducted immediately after an event ï have been shown to elicit self-reports of 

cognitive processes that are generally unreflective of observed behaviours, the exit ticket data 

offered the optimal opportunity to scrutinize interpretations of digital traces. The exit ticket 

included an item on gender because research has highlighted associations between gender and 

SSA actions, veridicality, and criteria (Andrade, 2019; Panadero et al., 2020; Yan, 2018). 

Additionally, two Likert scale items were included to gauge studentsô familiarity and comfort 

with technology, computers, and online learning and enable consideration of computer literacy 

when interpreting findings. A combination of three Likert scale items and five open response 

items were included to collect self-report data on studentsô cognitive and affective processes 

during the SSA activity. Examples of scale items were ñI was aware of my motivation levels 

throughout the self-assessment taskò and ñI was honest in my self-assessment commentsò. 

Examples of open response items were ñDescribe your thought process as you were self-

assessing and revising your workò, and ñDescribe one emotion you experienced during the self-

assessment activity. What caused you to feel this way? If it was a negative feeling (e.g., sadness, 

frustration), how did you try to manage it?ò The exit card survey was examined by the six 

participants of my pilot study as well as two practicing teachers to ensure it accessed the targeted 

constructs and was understandable to Year 12 students. Feedback from the pilot study 

participants and the teacher informed revisions to the survey. The teacher interview and pilot 

study are described below. 

Interview with Teacher 

I conducted a 30-minute semi-structured interview with the teacher focused on the 

assessment culture (Allal, 2016), demographics, and class history of the participating class. 

Contemporary sociocultural understandings of assessment recognize that teachersô use of 
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assessment and studentsô responses to assessments are shaped by macro cultural factors, such as 

policy and large-scale testing systems, as well as micro factors, such as local and individual 

knowledges and beliefs about assessment (Allal, 2016; Willis et al., 2013). Therefore, it was 

important to collect data the learning and assessment culture of the classroom to inform 

meaningful interpretations of SSA process data. 

The interview was conducted about two weeks after the initial collaboration session. 

Between these two meetings, I had prepared all the study resources and therefore we also used 

part of this interview to ensure the resources on the study lesson webpage were well designed for 

the participating class. Further, while the case study design was primarily shaped by the initial 

collaboration session with the teacher (described earlier), the conception of SSA the teacher 

articulated in the interview (described in the case history in chapter 4) enabled me to leverage 

studentsô prior knowledge about SSA when guiding the SSA activity. The interview was 

recorded and transcribed. 

Pilot Testing 

Before data collection with student participants began, I recruited 6 participants to pilot 

test the data collection procedure (described below). All participants were graduate students 

(M.Ed. Or PhD candidates) in the Faculty of Education at an Ontario University. Participants 

provided their informed consent to participate in the pilot study by reading and signing a LOI/CF 

specifically written for their role. The purposes of the pilot study were to (a) identify any 

unforeseen technical issues with related to Matomo data; and (b) generate expert feedback on the 

study lesson activities and resources. The entire pilot study was facilitated remotely via 

Microsoft Teams. I conducted the pilot study in three separate 90-minute sessions with different 
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groups of participants in each. Feedback from each session was integrated prior to the following 

session. 

Using the study website, participants completed the prewriting, SSA, and revision tasks I 

had designed with the teacher, as well as the self-report exit ticket survey (i.e., the study 

procedure, detailed in the following section). Immediately following the pilot study procedure, I 

ran a focus group interview (10-15 minutes) with the participants to survey their opinions 

regarding the websiteôs usability in a high school context, e.g., ease of navigation, usefulness of 

prompts, clarity of language. Focus group interviews were used because of their capacity to elicit 

rich responses and new understandings through participant interactions (Sargeant et al., 2010). 

The focus group interviews were recorded, transcribed, and thematically analyzed to inform any 

necessary revisions to the website before collecting data in a high school setting. Additionally, I 

examined the raw Matomo and exit ticket data to evaluate its interpretability and identify any 

technical barriers. Data collected in the pilot test were stored confidentially on secure encrypted 

servers at Queenôs University. Data were only identifiable by code files that were stored 

separately from Matomo data on encrypted hard drives.           

Data Collection Procedure 

Data from the participating students were collected during one 100-minute English lesson 

(i.e., a double period). I joined the class via Microsoft Teams video link and led the students 

through the study procedure which was comprised of an English Literature lesson featuring a 

SSA activity. The students completed the lesson in a school computer lab with their teacher 

present. The teacher had set up the computer room in advance so that my video was projected on 

a large screen at the front of the class. I could see the class through a webcam and share my 

screen when providing instructions and guidance to the class. Using the computers, the students 
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accessed the lesson resources and completed all lesson activities on the website I created. Each 

student used their own computer. I guided students through the lesson which consisted of four 

tasks: (1) a precursor familiarization task, (2) an analytical writing task (i.e., prewriting), (3) an 

SSA task wherein participants self-assess and revise their prewriting work, and (4) an exit ticket 

to collect further data on SSA processes and demographics.  

Precursor Familiarization Task: Before starting the study procedure, I introduced 

myself to the students and reintroduced my study, its purpose, and the LOI/CF. I provided 

students with the opportunity to ask any questions they had. Then, by sharing my screen, I 

provided an overview of the lesson website and resources. I demonstrated how to use the text 

fields and where to find all the resources (e.g., the question, the writing prompt, text fields, 

rubric, exemplars). One important feature of the text fields that I highlighted was that students 

should click outside of the text field when they finished writing in a field. Due to Matomoôs 

compliance with GDPR privacy regulations, text entered into the fields would by default be 

encrypted and thus unreadable in the session recordings. However, I added a line of code to my 

website to enable key stroke logs to be revealed; the code was provided by Matomo to enable 

key stroke logs of non-sensitive information (identifying information and passwords would 

automatically remain encrypted). I also showed students where to enter their study code, a 

randomized series of six digits known only to the student and teacher. I explained that, since the 

data were anonymous, the study code would enable me to link their data from the website and 

the exit ticket and identify their data if they chose to withdraw from the study. Students then 

accessed the website using a link provided by their teacher and I guided them in entering their 

study codes. When analyzing the data, the entry of the codes indicated the point at which data 
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analysis could begin because I allowed students to start the pre-writing activity immediately after 

entering their codes.   

Prewriting T ask. Participants were asked to answer an A-Level exam-style question 

independently. The question and poem had been preselected by the teacher during our 

collaborative planning session. The question was about the poem ñNon sum qualis eram bonae 

sub regno Cynaraeò by Edward Dowson, a poem that the students could be required to analyze in 

their A-Level examination. The writing prompt question was stated as follows: Examine the 

view that Ernest Dowson presents the speaker in this poem as having an obsessive attitude to 

love. See Figures 2-4 for selected screenshots of the study webpage which include the full 

writing prompt.  

The teacher had taught two lessons on the poem before the study lesson to ensure that 

students were familiar with the content of the poem. During those lessons, the students 

developed an understanding of the poemôs meaning and historical context. Further, they analyzed 

and annotated the poem for key features of language, structure, and form in general terms (i.e., 

not in relation to a specific question or perspective). These annotations were conducted in a 

poetry anthology, a book of poems they are required to learn and from which they can study for 

their poetry exam. Having prior learning about the poem ensured that the students would be able 

to focus on applying their knowledge in response to the question and on the self-assessment 

activity rather than on trying to decode the meaning of the language. The students had not 

encountered the question before but had answered similar questions in response to other poems; 

thus, they also had some metacognitive knowledge related to responding to A-Level style poetry 

questions. 
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Before the precursor familiarization task, the students had been given instructions on the 

prewriting task so that they could begin immediately after entering their study code ï the signal 

for analysis of session recordings to begin. The website was divided by activity using headings. 

For ñActivity 1 ï First Response" (i.e., prewriting), students were provided with the question as 

worded above followed immediately by the full text of the poem. Below the text of the poem 

were four form fields which included prompts. The largest of these fields was for the students to 

write their response to the writing prompt question. I explained to the students that their first task 

was to respond to the writing prompt question independently in the large form field. I also drew 

their attention to the other form fields, which offered space for goal setting, reflecting on 

resources and strategies, and planning. I explained that these spaces are optional, and that 

students should only add text to any field they felt would help them in completing the activity 

more effectively. In other words, they should only respond to a prompt if and when it was 

something they normally would think about in a similar task. I emphasized that students need not 

respond to the fields in order unless the order happened to reflect how they naturally thought 

through or planned for such an activity. I informed students that they would have 15 minutes to 

complete the pre-writing activity. I allowed students to use their annotated poems in their 

anthologies while completing that task but asked that, if they decide to complete any planning for 

the task, that they complete all of their work in the website. Last, I explained that students should 

try to produce the best response in the time they had but that they would have the opportunity to 

revise and improve their response later. I reassured them that 15 minutes was little time and that 

it was okay if they did not complete a full response in the time. Students then worked on the 

prewriting activity for 15 minutes. I provided time prompts at 10 minutes, 13 minutes, and 14 

minutes and 30 seconds. 
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Self-Assessment Task. Immediately after the prewriting task, I reminded students to 

click outside of any text field to ensure that Matomo had revealed the keystroke logs. Because 

Matomo session recordings are limited to 30 minutes, I informed the students that they would 

need to leave the website and return to it to complete the second activity to ensure no recording 

data were lost. To prevent the loss of studentsô first responses, I guided students in copying their 

first response and pasting it into a Microsoft Word document. Once they had pasted their 

response in another document, I asked them to close the website while I provided instructions to 

the second activity: the self-assessment portion. 

By sharing my screen, I provided students with instructions for the SSA activity. I 

explained that the purpose of the activity was to help them make revisions and ideally 

improvements to their pre-writing. On the website, below the section heading ñActivity 2 ï Self-

Assessment and Revisionsò, students had access to an analytical rubric with graduated 

performance criteria (Andrade & Boulay, 2003; Andrade et al., 2009; Fastre et al., 2014) and two 

exemplar responses of contrasting quality (Lin Seigler et al., 2015). The success criteria in the 

rubric were provided by the teacher during our collaborative planning session. I produced the 

rubric and the exemplar responses and sent them to the teacher for feedback before the study 

lesson. I explained to the students that these are resources they could choose to use to better 

understand what criteria comprise a high-quality piece of analytical writing (e.g., success 

criteria). I also showed students a series of ñThinkingò, ñFeelingò, and ñReflectionò form fields 

that included prompts that might support their reflection or self-assessment processes. Tables 1 

and 2 explicate the prompts to which participants could respond and their relations to the 

framework of SSA cognition and affect. I asked them to use only the resources and fields they 

find helpful, if any, and to approach the SSA activity as they normally would. However, I did 
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encourage students to respond to the three ñSelf-Assessmentò fields which asked them to 

consider the strengths and areas of improvement of their first response, as well as their feelings 

about having the opportunity to revise their work. Last, I explained that students would have 10 

minutes to reflect on their work, responding to any of the self-assessment, thinking, or feeling 

fields they found helpful, followed by 10 minutes to revise their response. Before starting the 

self-assessment task, I guided students in reopening the website and pasting their first response 

back into the website. Students began the task immediately after pasting their first response, so 

this action would be used to indicate the beginning of analysis. 

As participants completed the self-assessment task, I provided verbal prompts at 5, 10, 

15, 18, and 19.5 minutes. In these prompts, I notified students of the time remaining and 

reminded them to click outside of their text fields regularly. In some of the prompts, I reminded 

students of the different text fields available to them. At the 10-minute mark, I paused the class 

and explained that students should begin their revisions. With consideration of their reflections 

on their first response, students could revise their first response by either completely rewriting 

their responses or by changing/building on their first response. I reiterated that students should 

complete their revisions in the ñRevised Answerò field. After the 10 minutes provided for 

revisions, I paused the students and informed them that they would have 3 extra minutes to 

consider and respond to any of the reflection fields they may not have had time to address during 

the task. 

As student participants completed the prewriting and SSA activities, Matomo Analytics 

generated session recordings of all studentsô actions within the study website. Additionally, 

Matomo automatically created heatmaps for each participant that rendered a visual 

representation of where each participant lingered most using a graduated colour scheme. Session 
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recording and heatmap data were saved directly to encrypted servers and safeguarded in 

compliance with the European Unionôs GDPR (Matomo, 2021a, 2021b). See Tables 1 and 2 for 

operational definitions of cognitive and affective operations within the context of this study.  

Exit Ticket. Last, students completed a brief exit ticket (detailed earlier) on Qualtrics. 

Students were given 10 minutes to complete the exit ticket and were informed that they could 

choose not to respond to any question by skipping it. The first item asked participants to record 

the last three digits of their student number to enable linking between exit ticket data and 

Matomo data. The scale items and open response items will act as a ñsafety netò to capture any 

data students neglect to imply by responding to prompts on the website. Despite the unparalleled 

granularity afforded by the session recordings, it was impossible to completely eliminate the 

possibility that participants may have experienced some cognitive and motivation/affective 

processes that they did not imply through their online actions. As it was completed immediately 

after the metacognitive process, there is sufficient impetus to support the dependability of the 

exit ticket as a self-report data source (Schellings et al., 2013). In addition to collecting further 

data on participantsô internal SSA processes, the exit ticket data provided insight into the 

calibration between my interpretations of their processes and their perceptions of their processes.    

Data Analysis 

Log Files of Trace Data  

A trace datum, sometimes called a digital trace, is a specific user action within a website 

or software that supports strong inferences about the userôs cognition and/or affect (Winne et al., 

2019). In the context of a computer-based learning environment, the action is a digital trace of a 

motivated cognitive or affective operation a learner applied. For example, if a student learning on 

a website is scrolling through text and highlighting certain words or phrases, it can be inferred 
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that they are metacognitively monitoring the text ï they are likely scanning the text for certain 

types of information (P. Winne, personal communication, April 28, 2020; Winne, 2019b). Such 

inferences must be made with careful consideration of the context of the action (Winne et al., 

2019): the studentsô actions before and after the highlight, the words/phrases they highlighted, as 

well as the overall task in which they are engaged. To support valid inferences based on user 

actions, researchers determine a priori operational definitions of the processes they are interested 

in observing within the context of their study. A researcher wishing to observe instances of 

rehearsing material could infer learners are rehearsing material when they create a note and enter 

text paraphrasing the selected content. Trace data can be analyzed qualitatively (i.e., absent or 

present) and/or quantitatively (i.e., relative frequencies) to make inferences about cognitive 

processes based on SRL models which are expressed as if-then statements (i.e., if patterns of 

trace data are x, then characterize the learnerôs studying activities and/or motivation as y) (P. 

Winne, personal communication, November 29, 2019).  

The session recordings provided the basis for generating trace data in this study. With 

unparalleled granularity, the recordings provided the entire context of participantsô actions when 

engaging in the SSA activity on the website. Thus, participantsô actions could be interpreted 

within the context of the well-defined activity and their own personal processes. Log files were 

generated in Microsoft Excel files by ñcodingò each session recording for trace data. With over 

14 hours of session recording data, this was a laborious process. Excel files consisted of a table 

that included 9 columns. The first two columns indicated the start and end time of each trace 

which were listed chronologically in the rows. The rest of the columns indicated the user action, 

text entered or targeted (e.g., via cursor tracking, highlighting, hovering), initial interpretation 

(i.e., inference expressed as one of the 22 cognitive or affective operations), content analysis (of 
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text entered), and final interpretation. Each session recording was coded twice using the 

ñcodebookò which indicated operational definitions of each cognitive and affective operations in 

the context of this study (see Tables 1 and 2 for operational definitions). 
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Table 1  

Operational Definitions of Cognitive Operations 

 Cognitive Operation Operational Definition  

1 Planning ï Task Assessment E.g., scrolling slowly through several parts of 

the page (e.g., environmental scan); clicking on 

a field and hovering, then deciding not to 

respond to it. 

2 Reading E.g., slowly scanning through text for long 

periods of time with no discernible relation to 

the operations preceding and following 

3 Writing Text entered in ñFirst Answerò field 

4 Revising Text entered in ñRevised Answerò field 

5 Goal Setting Text entered in ñGoalsò field 

6 Prior Content Knowledge Activation Text entered in ñPlanningò field 

7 Metacognitive Knowledge 

Activation 

Text entered in ñResources and Strategiesò field 

8 Monitoring Progress Against 

Standards 

Hovering and/or cursor tracking over the rubric, 

exemplars, first response, or revised response 

while writing, revising, or self-assessing. 

9 Metacognitive Awareness and 

Monitoring of Cognition 
Text entered in ñThinking - How well is my 

approach working?ò or ñList all the strategies I 

am using to improve my final answerò fields 

10 Judgements of Learning Text entered in ñThinking - List things I am 

learning from this taskò field 

11 Selection and Adaption of Cognitive 

Strategies for Thinking and Learning 

Text entered in ñHaving read the exemplars and 

rubric, what have I done well?ò or   

ñHaving read the exemplars and rubric, what 

should I do to improve my response?ò fields 

12 Cognitive Judgements Text entered in ñList what I have learned about 

responding to poetryò or ñList the ways my final 

answer is better than my first oneò or ñList ways 

my final answer is worse than my first oneò or 

ñList strategies I want to use next time I self-

assessò fields 

13 Cognitive Attributions Text entered in ñList things that made this task 

easy or hardò field 
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Table 2 

Operational Definitions of Affective Operations 

 Affective Operation Operational Definition  

14 Goal Orientation Adoption Text entered in ñWhat is the purpose of self-

assessing?ò field 

15 Efficacy Judgements Text entered in ñHow good am I at self-

assessing my work and improving it?ò field 

16 Ease of Learning Judgements Text entered in ñHow easy is it to judge my 

work and improve it?ò field 

17 Task Value Activation Text entered in ñThis task is valuable/not 

valuable becauseò field 

18 Interest Activation Text entered in ñThis task is interesting/not 

interesting becauseò field 

19 Monitoring of Motivation and Affect Text entered in ñList any emotions I am feeling 

during this activity:ò or ñHow would I describe 

my level of motivation? E.g., high, low, 

mediumò or ñHow have my motivation levels 

changed during this activity?ò fields 

20 Adapting Strategies to Manage 

Motivation and Affect 
Text entered in ñList strategies I have used to 

manage my emotionsò or ñHaving the 

opportunity to revise my answers makes me 

feelò or ñHow do I feel about revising my first 

answer?ò fields 

21 Affective Reactions Text entered in ñWhat emotions do you feel 

about how you did in this task?ò field 

22 Affective Attributions Text entered in ñHow did my motivation levels 

affect how I did in this task?ò or ñList things that 

made this task easy or hardò field 

  

While the operational definitions acted as a guide, the context of each event as well as 

content analysis of keystroke logs related to the event superseded the definitions as necessary. 

For example, if a participant entered text into the ñPlanningò text field, the operational definition 

would suggest that this action reflected prior content knowledge activation. However, if the text 

the participant entered focused on strategies for analyzing poetry, such as ñread the poem twice, 

make a list of three key quotationsò, this action would be interpreted as metacognitive knowledge 
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activation: the text entered by the participant suggests they are thinking of strategies in planning 

their answer rather than prior knowledge about the poem. An example of context superseding the 

a priori definitions concerned how distinctions were made between reading and monitoring 

progress against standards. Both these processes could be indicated by similar actions (e.g., 

hovering and cursor tracking over text in the exemplar responses). To interpret such actions as 

either reading or monitoring progress against standards, what the participant did before and 

after the action was analyzed. If they, for example, tracked their cursor over text in the exemplar 

several times between writing their revised response, this was interpreted as monitoring progress 

against standards as it is most likely they were monitoring the exemplar for examples of success 

criteria in order to evaluate their work. Conversely, if a participant spent a significant amount of 

time tracking text in an exemplar at the start of a task, without doing any writing, and then 

moved to a forethought phase operation (e.g., interest activation), this would be interpreted as 

reading ï their pattern of actions and that they started by focusing on the exemplar before 

completing any writing suggested that they were simply reading the exemplar and not making 

comparisons to their own work. 

Analysis of Log File Trace Data - Frequencies and Patterns of Operations 

I conducted three types of analysis on the log files to examine the cognitive and affective 

processes of participants engaged in SSA. First, I calculated frequencies of each cognitive or 

affective operation (e.g., progress monitoring against standards, efficacy judgement, affective 

reaction). Frequency counts are the most common method for analyzing trace data and reveal 

how participantsô cognitive and affective operations are distributed across all possible events 

(Hadwin et al., 2007). Frequency counts offered insight which cognitive and affective operations 

participants employed, and which ones they employed relatively frequently and infrequently. 
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However, frequencies offer limited opportunity for interpretation of relationships across 

operations. Since cognitive operations users employ theoretically involve multiple actions that 

serve a common goal (Hadwin et al., 2007; Winne et al., 1994), I also used graph theoretic 

statistics to mine for patterns of cognitive and affective operations (i.e., cognitive and affective 

processes). Graph theoretic statistics offer a series of formulae to analyze transitions between 

usersô cognitive or affective operations (e.g., highlight text ï create note; Winne, 2019b; Winne 

et al., 1994).  

To calculate these statistics, one must first generate a transition graph for each 

participant. Hadwin et al. (2007) state that ñtheoretically, strategies that comprise SRL often 

involve multiple actions or events enacted to serve a common purpose or goal. Thus, it is 

important to examine participantsô transitions across fine-grained studying eventsò (p. 112). 

Transition graphs provide a visual representation of participantsô cognitive and affective 

processes, networks of operations (e.g., goal setting, affective attributions). Cognitive and 

affect/motivation operations are represented in graphs by nodes while transitions between 

operations are signified by ties (lines). Arrows indicate the direction of a transition between two 

operations, and loops show that an operation was repeated at least twice in a row. Numbers show 

the number of times a participant made a particular transition.  

To generate the graphs, I first produced weighted adjacency matrices for each participant 

(Winne, 2019b). Transition matrices list every possible cognitive and affective operation in both 

columns and rows; thus, tallies of each transition between two operations can be made in the 

corresponding cells. Matrices were weighted because they tallied the number of transitions 

between operations, not just whether a transition occurred or not (i.e., a binary, dichotomized, or 

unweighted matrix). Then, I used each participantsô matrix to create a transition graph, a plane in 
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which each action is visualized as a node and lines between nodes represent transitions between 

actions. Transition graphs depicted participantsô cognitive strategies, enabling characterization of 

how active a learner was (i.e., numbers of nodes and transitions), how diverse their strategies 

were (i.e., number of different nodes in comparison to number of transitions), and any patterns 

they favoured (i.e., number of times a transition between the same nodes was repeated; Hadwin 

et al., 2007; Winne, 2019b).  

Once graphs were produced, I computed graph theoretic statistics to analyze them. I 

calculated three graph theoretic measures: density, degree centrality, and multiplicity (Hadwin et 

al., 2007; Winne, 2019b; Winne et al., 1994). Density, a measure ranging from 0 to 1, represents 

a comparison between a participantsô number of transitions observed in a graph and all possible 

transitions. High densities indicate participants who experiment with diverse combinations of 

actions, while lower densities indicate participants rely on distinct and regular patterns they have 

formed (Winne, 2019b; Winne et al., 1994). Centrality is a statistic that identifies a participantôs 

highly central nodes ï i.e., actions that they often start with or return to, building them into 

learning patterns as cornerstones (Hadwin et al., 2007). Last, multiplicity examines the degree of 

resemblance of transitions across participants by comparing the number of transitions two 

participantsô graphs have in common normalized to the number of possible transitions on a scale 

of 0 to 1. Multiplicity thus allows for comparisons of participantsô learning strategies (i.e., 

combinations of actions) and the potential to group participants based on cognitive/affective 

processes (Winne, 2019b). Weighted adjacency matrices for each participant were created 

manually using Microsoft Excel. The Excel files were then imported into UCINET 6 for 

Windows (version 6.727; Borgatti et al., 2002) where graph theoretic statistics were computed. 
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UCINET 6 includes a package called Netdraw Network Visualization (version 2.176; Borgatti, 

2002) which was used to produce the transition graphs for each participant. 

Third, I performed content analysis on all keystroke logs related to trace data. 

Participantsô notes were inductively analyzed to identify themes in participantsô thinking and 

feeling throughout the SSA process across content analyses. Further, participantsô prewriting and 

their final revisions at the end of SSA were coded for instances in which participants 

demonstrate success criteria. This allowed me to a) analyze the extent to which their revisions 

have integrated targeted success criteria (i.e., their improvement) in their SSA process profiles, 

and b) examine how well they can interpret and apply success criteria.  

Analysis of Heatmap Data 

The heatmap presented an aggregate of data on every participantsô interactions with the 

website (Matomo, 2021a). Indicating levels of interaction geographically across the entire study 

website of key actions ï clicks, cursor movements, and scrolling ï using a colour scheme, the 

heatmap was a visual representation of pre-analyzed data Matomo collected in real time on those 

actions. Visual analysis of the heatmap revealed which areas of the SSA resources (e.g., rubric, 

exemplars) participants interacted with the most and least. See Figures 6-8 in chapter 4 for 

selected images of the heatmap. 

Analysis of Exit Ticket Data and Teacher Interview Data 

Qualitative exit ticket data were analyzed inductively to allow themes to emerge 

unrestricted by an a priori framework (Thomas, 2006). Triangulating descriptive statistics from 

the Likert-type scales and themes from open responses provided insight into studentsô 

perceptions the ways in which participants thought and felt during the SSA process. 

Demographic items were descriptively analyzed to inform the case history.  
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Content analysis of the teacher interview transcription yielded a detailed description of 

the case study context(s) to frame interpretations and potential transferability of findings 

(Tierney, 2014). Descriptive statistics of demographic items from the exit ticket and content 

analysis of teacher interview transcriptions were triangulated to inform the narrative case history. 

Individualized SSA Process Profiles 

Synthesizing findings from frequencies, patterns, content analysis, and exit tickets 

allowed me to generate a SSA profile for each participant describing their individual cognitive 

and affective processes and research-based suggestions for improvement. For example, a 

participant may be highly dependent on monitoring progress against standards if their graph 

reveals low density and a high centrality statistic for highlighting examples of success criteria. 

Guidance could be provided to support the participantôs neglected SSA mechanisms, such as 

goal setting or monitoring motivation/affect. 

In sum, frequencies, graph theoretic statistics, and content analysis applied to traces of 

cognitive and affective operations characterized the participantsô cognitive and affective 

processes during the SSA activity. These data were triangulated with heatmap data, qualitative 

exit ticket data on participantsô perceptions of their SSA processes to respond to the identified 

research questions. A case history, based on triangulation of data from the teacher interview and 

demographic items on the exit tickets, was generated to situate the findings within the class 

assessment and learning culture.  

Supporting Valid Interpretations 

Given the highly interpretive nature of constructing the log files and the ensuing threat of 

researcher bias, steps were taken to mitigate the effects of researcher bias in interpretating the 

trace data and ensuring trustworthiness in the data collection and interpretation leading to 
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validity findings. These steps were: (a) multiple interpretations of session recordings, (b) 

triangulation of trace data with keystroke logs and exit ticket data, (c) multiple coders, and (d) 

maintaining a reflexivity journal.  

Interpreting each usersô actions twice, though time consuming, supported a contextually 

informed and consistent coding process across participants. On the first round of coding, the 

initial interpretation of each action was recorded at the same time the action (i.e., trace) and 

content analysis of any text entered was recorded. The second round of coding was completed 

immediately after the first round when the entirety of the participantsô process was fresh in my 

mind. Further, as described above, keystroke logs recorded all text that participants entered into 

text fields in Matomo. Content analysis of keystroke logs related to traces enabled supported 

inferences about user actions based on qualitative data associated with those actions (Hadwin et 

al., 2007).   

Before moving on to the next participantsô session recording, I thematically analyzed the 

exit ticket data with a focus on identifying any discrepancies between my interpretations and the 

self-report data. Exit ticket data thereby afforded another form of triangulation. However, self-

report data from the exit ticket were analyzed after the traces so that self-report data would not 

influence my interpretations of the session recordings. While previous research has tended to 

find low calibration between self-report data and digital traces of studentsô online SRL (e.g., 

Hadwin et al., 2007), there were no exit ticket data that contradicted any of my interpretations in 

the log files. However, the primary purpose of the exit tickets was to collect extra data on 

studentsô SSA processes ï particularly the difficult to detect affective processes ï and not to 

examine calibration of students perceived and actualized SRL processes. 
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Further, intercoder reliability was investigated. Intercoder reliability refers to the degree 

of agreement between two or more coders and is conventionally reported as a percentage in 

qualitative studies (Campbell et al., 2013). Unlike intercoder agreement, which refers to coders 

coming to a consensus during data analysis, intercoder reliability is calculated after data analysis 

(Campbell et al., 2013). Due to the volume of data and time-consuming nature of constructing 

log files, 3% of the session recording data were randomly selected for coding by three coders. 

All three coders were trained on the coding procedures before coding the same 3% of data 

separately. The training highlighted that coders should use the codebook but that context of any 

text entered or key contextual considerations should supersede the codebook if necessary.  

A key challenge with examining intercoder reliability is that coders may not agree, in the 

case of qualitative data coding, on the length of text segments that hold meaning (Campbell et 

al., 2013). One way to address this challenge is to standardize the unit of meaning to sentences or 

paragraphs; following this approach, all coders code every sentence or paragraph in the subset of 

data. However, Cambell et al. (2013) point out that the segment lengths that hold meaning tend 

to vary throughout qualitative data: one sentence may hold a distinct idea, and then the next five 

sentences hold another distinct idea. The authors assert that, based on prior research, an effective 

solution to this challenge is for the coder who is most knowledgeable in the subject matter to 

delineate the units of meaning. Given that I have studied the specific SRL theory underpinning 

the interpretations of the code files, I denoted the units of meaning in the data subset. When 

working with qualitative data, indicating the units would normally mean providing the coders 

with a file that highlights each unit of meaning but does not indicate any codes. For my study, I 

indicated the units of meaning using timestamps. Coders were provided with a blank log file 

indicating timestamps of interpretable user events (i.e., traces). However, during their training, I 
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explained that coders had the option to list ñuninterpretableò if they could not make sense of the 

user actions. After the coders had completed their work, intercoder reliability was calculated as a 

percentage of agreement between the traces that were coded by at least two coders. 

Last, I kept a reflexive journal throughout the recruitment, data collection, and data 

analyses processes. Reflective journals have been shown to reduce bias in nursing students 

(Oliver et al., 2021) and provided a way to interrupt and interrogate my own cognitive biases in 

interpreting participantsô actions (Wong & Vinsky, 2021). Further, by keeping detailed records 

of analysis procedures and any decision-making processes, I used the journal as a way to support 

consistent analysis procedures across participants. The journal also helped me to reflect on the 

dynamics of the class during the study lessons. Further, I used the journal to reflect on my 

interview and collaboration work with the participating teacher to examine the role that their own 

bias may have played in my understanding of the class. In this way, findings from this study are 

framed with full consideration of these potential influences.  



92 

 

Chapter 4 

Results 

 

This chapter presents the results of the data analyses. First, the narrative case history is 

presented. Second, I report frequency counts of cognitive affective operations for each 

participant and highlight group trends. Third, I report density, centrality, and multiplicity of 

participantsô cognitive and affective processes with a focus on illuminating patterns and whole 

group trends. Third, I present the individual SSA process profiles. Last, I report themes which 

emerged across content analyses of keystroke logs related to participantsô traces and qualitative 

exit ticket data. 

Case History 

Inductive analysis (Thomas, 2006) of the teacher interview data as well as demographic 

items in the exit ticket informed the case history. A case history is a detailed description of a 

case. The purpose of a case history is to provide key information to contextualize and frame 

findings from a case study. With a clear understanding of a case history, transferability of 

findings to similar cases is supported (Privitera & Ahlgrim-Delzell, 2018; Tierney, 2014). 

Perhaps more importantly, in providing a detailed description of relevant information related to a 

case, a case history enables nuanced contributions to theories (Tierney, 2014). 

The class recruited for this study were at a large, state-funded comprehensive secondary 

school in the south of England. The school included both a secondary school (Years 7-11) and a 

sixth form (Years 12-13). Therefore, students in this school range from Years 7-13 which are 

equivalent to Canadian grades 6-12 in terms of student ages. A Year 12 class, the students were 

16-17 years old. Most participants (n=10) were women (participants identified their gender in the 
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exit ticket). One participant was non-binary and genderfluid and five were men. Of the 

participants, 11 reported being familiar and comfortable using computers by indicating they 

ñagreeò or ñstrongly agreeò with the item ñI am confident in my ability to use computers.ò This 

finding suggests that participants would have little trouble navigating the simple html page and 

that they interacted intentionally with the webpage.  

Mandatory schooling in the United Kingdom (UK) ends at the end of Year 11 when 

students sit their General Certificate of Secondary Education (GCSE) examinations (Stobart, 

2008). Taken across almost all subjects, GCSEs are high-stakes exams in that results on these 

exams are the primary method of selecting students for sixth form (Years 12-13) courses. 

Therefore, as the participating class was studying English Literature, the students recruited for 

this study likely achieved at least good results in their English Language and Literature GCSE 

exams. It is also important to note that the participating students had chosen to take this course: 

mandatory study of English ended in Year 11.  

Another important consideration is that sixth form, much like UK secondary school, is a 

context shaped by a deeply embedded high-stakes testing system (Stobart, 2008). At the end of 

their two-year English Literature course (i.e., in Year 13), the students in the participating class 

will sit their A level exams which will largely determine which universities and programs will 

select them for admission. Examinations in the UK are highly controlled: exam content (e.g., 

items) is confidential and closely guarded before an exam, they occur at the same time 

throughout the UK, they are administered by university examination board staff (no teachers are 

allowed in the room during an exam), and student accommodations (e.g., extra time, use of 

computers) are only granted on the basis of years of collected evidence. Given their substantial 

social consequences, these exams frequently cause anxiety for students (Symes et al., 2009).  
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A final relevant contextual concern is grading targets. Based on prior attainment, scores 

on Cognitive Abilities Tests (CATs) taken at the start of secondary school, and a range of 

socioeconomic factors (e.g., family income), a data analysis service provides students in the 

participating school with target grades from when they enter Year 7. This practice of predicting 

target grades is commonplace throughout the UK (Stobart, 2008). Grades on the A level exam 

grades range from E-A* (lowest to highest), with a U representing an unclassified, non-passing 

grade. The students in the participating class had relatively high targets for their A level English 

Literature exams, ranging from B to A*. The teacher noted that this is one of the strongest 

classes they have taught in their 10-year teaching career. 

The teacher had taught this class weekly from September 2020 to March 2021 at the time 

of my study. They had taught two of the students in previous years. Importantly, they had been 

teaching this class during the peak of the COVID-19 pandemic in the UK, a factor that shaped 

the classroom dynamics. The participating teacher described the class as ñbrightò, ñengagedò and 

ñhard workingò, saying that they enjoyed teaching the class. To the teachersô knowledge, the 

students in the class all came from affluent backgrounds. None qualified for free school meals or 

the school bursary program. In terms of race/ethnicity, the class was comprised of largely white 

British students with the exception of one black British student. None of the students had any 

identified exceptionalities, called special educational needs (SEN) in England. As such, none 

qualified for accommodations or modifications in their in-class learning nor in their exams. 

 When asked about how the pandemic has affected their teaching, the teacher shared that 

there have been fewer opportunities to engage students in extended writing. They noted that 

reading and providing feedback on extended pieces of writing produced in class is not only an 

important aspect of their teaching method, doing so also allows them to get to know their 
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students and build relationships. Similarly, the teacher noted that extended periods of remote 

learning has hindered the development of interpersonal relationships among the students 

themselves. Part of this challenge is that social events within the school were not possible due to 

the pandemic.  

Despite the challenges induced by the pandemic, the teacher shared that the students were 

comfortable socializing with each other, and that the overall social dynamic was positive. 

Students were generally comfortable sharing their work with their peers in lessons. In particular, 

students were highly comfortable sharing their work with those around them in the seating plan. 

Conversely, students could become apprehensive when their work was shared with the whole 

class as an exemplar: ñwhile they wouldnôt disagree with it, there would be a sense of 

apprehension behind that student as their work goes up on the visualizer.ò The teacher 

encouraged a community of critique to ease any feelings of apprehension. The students were 

more comfortable sharing their work with the whole class during periods of remote instruction. 

For example, when students wrote within shared files and discussed each otherôs work as a class, 

the students showed no signs of apprehension. Overall, while the students in the participating 

class demonstrated signs of anxiety linked to class discussions of their work (e.g., see Andrade & 

Brown, 2016), they were clearly engaged in a community of critique based on trust as evidenced 

by their willingness to share and discuss each otherôs work. 

Similarly, the teacher described a positive assessment micro-culture within their 

classroom. Assessment micro-culture refers to the unique social dynamics related to assessment 

within an individual classroom (Allal, 2016). Assessment micro-culture represents the taken-as-

shared, socially constructed understanding of assessment that is negotiated by the actors and 

local knowledges within the classroom and school. Providing insight into their assessment 
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culture, the teacher explained that students are highly motivated to succeed in assessments. The 

teacher shared, 

they will want to do well. They will want to know the criteria [e.g., relevant exam board 

assessment objectives, general expectations such as length] é If they hand in a piece of 

work, they will want to know what grade it is. If I say, thereôs no grade, Iôm just giving 

feedback based on it, theyôll say óokayô, but it wonôt mean as much to them. They are 

hungry for a confirmation that they are doing well, and for them, a grade does that. 

Given their high prior attainment in combination with the UKôs high-stakes testing system, it is 

unsurprising that the students were highly focused on grades. While primarily focused on grades, 

the students also responded positively to feedback from the teacher and from their peers. The 

only hesitancy towards peer assessment the teacher noted was that students with the lowest target 

grades and who also demonstrated low confidence were reluctant to provide critical feedback to 

students with high targets: ñHow can I say anything negative? I am a B student, she is an A* 

student.ò To overcome this challenge, the teacher pairs students intentionally when engaging 

them in peer assessment.  

The teacher also shared that the students had engaged in SSA, but that the pandemic had 

posed challenges to using SSA that prevented the teacher from using SSA as much as they 

normally would as part of their teaching. They described an approach to SSA in detail in which 

students analyzed a poem; wrote an extended response; analyzed a model answer that received a 

top-band grade from the exam board by highlighting key assessment objectives; and reflected on 

whether their response would score lower or higher than the model response and what they 

would do differently next time. The teacherôs description of SSA highly aligned with the SSA 

activity at the heart of the study procedure, with the notable difference that students were not 
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explicitly asked to revise their response based on their self-reflections. When asked if the 

students are comfortable sharing their self-assessments with the teacher, the teacher shared that 

the students prefer to keep their self-assigned grades private. The teacher believed that this 

preference was the result of studentsô lack of confidence in their capacity to accurately judge the 

quality of their work within A level English. 

In sum, the participating class can be characterized as a high attaining group likely with a 

keen interest in English Literature. They are highly concerned about their performance and 

grades and thus are active participants in the assessment process. The teacher cultivates a strong 

culture of critique despite the pandemic, though studentsô desire to perform well can result in 

task avoidance or apprehension around assessment related tasks that may highlight areas for 

improvement.  

Frequencies of Cognitive and Affective Operations 

Frequency counts of all 22 cognitive and affective operations are reported in Table 3. The 

table includes the frequency counts for every participant as well as total counts across all 

participants. The most frequent traced actions across all participants were planning ï task 

assessment (121 traces) and monitoring progress against standards (102 traces). Interest 

activation and cognitive attributions, the least applied operations, were only observed 4 and 5 

times across all participantsô trace data. Cognitive operations were relatively more frequent than 

affective operations. In total, 529 cognitive operations were observed across all participants; in 

comparison, 106 affective operations were traced. Even though there are more cognitive 

operations, this difference is still striking.  

Notably, every cognitive and affective operation was observed in the traces; there were 

no operations that did not appear at least once. When broken down by SRL phase, most 
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operations occurred in the forethought, planning, and activation phase. 245 traces were logged in 

the forethought, planning, and activation phase ï 193 cognitive operations and 52 affective 

operations. The next most observed phase was monitoring in which 153 were traces were logged, 

135 cognitive and 18 affective. Traces of the control phase were logged 60 times; 49 of these 

were cognitive while 11 were affective. Least represented in the frequency counts across 

participants was the reaction and reflection phase. Here, 31 cognitive traces and 25 affective 

traces were logged for a total of 56 traces. Note, however, that these frequency counts within 

phases do not include the operations of writing, reading, or revising. These three actions were 

recorded as part of participantsô SSA processes; however, they are not SRL processes and are not 

particular to any specific phase of SRL models. In fact, these can be considered macro-processes 

that likely include SRL subprocesses that were not investigated within this study as the focus 

was SSA. 
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Table 3 

Frequencies of Cognitive and Affective Operations across Participants 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 Total 

1 5 6 1 5 5 11 4 8 4 9 8 4 9 16 12 14 121 

2 5 2 1 3 1 1  2 3 1 1 8 3 2 2  35 

3  1 4 3 1  3 4 3 2 3 1 2 1  4 32 

4 5 1 2 2 1 2 7 1 3 4 3 5 3 4 6 5 54 

5 3 1 1  1 1 1 3 1 2 1  1  1  17 

6 3 1  2 1 3 5 4 1 2 1  1  11 1 36 

7 1 2 3 1 1 1 2 1 1 1 4  1    19 

8 8 3 7 10 3 8 9 16 4 13 4 2 5 3 1 6 102 

9   1  1 2 2 6 2 2 2  2 1 2 3 26 

10     1  1 1 1 1 1  1    7 

11 3 4 5 7 2  2 2 2 9 5  4  4  49 

12 1    3  3 6 4  2   2 3 2 26 

13 1        1  1 1  1   5 

14 1 1 1   1 2  1 1 2 2 1 2  1 16 

15  1 1   1 1  1 1 1 2 1 3  1 14 

16  1 1   1   1  1 1 1 1  1 9 

17     1 1 2  1 1 1  1  1  9 

18 1    1        1  1  4 

19 5    1    3  1  4  3 1 18 

20 1 1   1   1 1 1 2  1  2  11 

21 1    1  1 1 1  1 1   1 1 9 

22 1    2  1 3 2  1 1  2 2 1 16 

   

Patterns in SSA Processes 

Transition Graphs 

Transition graphs for all 16 participants are presented in Figure 5. Transition graphs are 

comprised of five core elements: nodes, ties (lines), arrows, tie weights, and loops. Nodes 

represent the actors within a network. In social network analysis, these actors would typically be 

represented by people. However, when analyzing trace data, these actors are the digital traces 

themselves; thus, the nodes in these graphs represent the 22 cognitive and affective operations of 

interest in this study. A nodeôs colour distinguishes whether it is a cognitive or affective 

operation. Red nodes are affective operations; blue nodes are cognitive operations. A nodeôs size 

represents its centrality within a participantsô SSA process (described later). A tie indicates a 

transition between two operations and an arrow indicates the direction of the transition. For 
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example, the tie ñgoal setting -> metacognitive knowledge activationò indicates that the 

participant engaged in goal setting and then immediately after moved to metacognitive 

knowledge activation. A tie can be multidirectional: an arrow on both ends of a tie means that the 

participant moved between the two operations in both directions at some point within their SSA 

process. Tie weights ï numbers next to ties ï indicate the number of times a participant made 

that particular transition during the SSA activity. Last, loops represent that a participant 

transitioned from one operation to the same operation at least once in their SSA process. Note 

that in Netdraw the loops are not given weightings. Netdraw was designed for social network 

analysis where self-referencing loops tend to be conceptually irrelevant because social network 

analysis examines relationships between people. 

The transition graphs in Figure 5 are visual representations of each participantôs SSA 

processes (Winne, 2019b; Winne et al., 1994). The graphs reveal each participantsô predominant 

transition patterns (i.e., strategies or processes), as well as the amount and type of operations 

they employed (Hadwin et al., 2007). Further, ñexamining transition patterns in graphs helps 

distinguish students who experiment with studying and students who settle into regular 

sequences of eventsò (Hadwin et al., 2007, p. 113). To illustrate, consider the graphs for 

participants 3 and 11. Comparing these graphs, it is clear that participant 11 was more active in 

their SSA process as they engaged in more operations and transitions. The high density of nodes 

and transitions suggests that participant 11 was highly metacognitive in their process: they were 

likely actively aware of their strategies and were experimenting with a variety of them. Planning 

ï task assessment and selection and adaption of cognitive strategies for learning and thinking 

were predominant operations. On the other hand, participant 3 was more selective in the 

operations they employed as their graph contains relatively few transitions and nodes. Participant 
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3 frequently applied monitoring progress against standards. Frequent transitions between 

monitoring progress against standards and selection and adaption of cognitive strategies for 

learning and thinking indicate that participant threeôs core strategy involved iterative cycles of 

evaluating their work and learning and comparing their work to the exemplars and rubric. 

Figure 5 

Participant Transition Graphs 

Participant 1 
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Participant 2 

 

Participant 3 
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Participant 4 

 

Participant 5 
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Participant 6 

 

Participant 7 
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Participant 8 

 

Participant 9 
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Participant 10 

 

Participant 11 
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Participant 12 

 

Participant 13 
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Participant 14 

 

Participant 15 
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Participant 16 

 

Note: Node size indicates frequency. Blue nodes are cognitive operations; red nodes are 

affect/motivation operations. Numbers represent number of transitions. Numbers are placed 

closer to the origin than the destination. The number of self-loops are not shown and are 

indicated via node size and in transition matrices. 

Density 

Table 4 shows the number of transitions, events, and the overall densities for each 

participant. Density, a measure of the number of transitions in a graph compared to the number 

of possible transitions, ranges from 0 to 1. Weightings of transitions are not considered in density 

calculations; therefore, density relates to the types of transitions that appear in a graph rather than 

the number of transitions. Thus, weighted adjacency matrices were dichotomized (i.e., made 

unweighted) to enable calculation of density indices. Densities closer to 0 indicate fewer 

transitions and/or that transitions occurred repetitively. Densities approaching 1 indicate a wide 
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variety of types of transitions. Self-referencing nodes (i.e., loops) are considered when 

calculating density. Researchers have argued that participants with lower densities have 

established some regular learning patterns while those with higher densities are more 

experimental with their tactics and strategies (Hadwin et al., 2007; Winne et al., 1994). 

Importantly, participants with higher densities are thought to be more metacognitive in their 

approach as they are actively monitoring their process and applying a variety of strategies 

(Winne et al., 1994). In other words, they are ñengaged in more metacognitive monitoring and, 

hence, more active SRLò (Hadwin et al., 2007, p. 114). 

The average overall density across participants was .057 (SD=.014). Participant 11 had 

the highest density statistic at .085, two standard deviations above the average. There were 41 

types of transitions in their graph out of a possible 484 transitions. Therefore, participant 11 

exhibited the most experimental approach to SSA and most active engagement in SRL processes. 

In contrast, participants 3 and 4 had 19 transition types and a density of .039, over one standard 

deviation below the average. These participants demonstrated the most stable approaches to 

SSA. 

Table 4  

Density Indices for Each Participant 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 

Links  30 22 19 19 27 21 38 33 35 30 41 21 32 25 33 23 

Overall 

Density 

.062 .045 .039 .039 .056 .043 .079 .068 .072 .062 .085 .043 .066 .050 .068 .048 

  Note. Average density = .057 (SD=.014) 

Centrality 

Centrality highlights the pivotal nodes in a graph. Degree centrality is simply the sum of 

indegrees and outdegrees for a particular node. Indegree refers to the number of times a 

participants transitioned to a node, while outdegree refers to the number of times a participants 
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transitioned away from a node. In this way, nodes with high degree indices represent cognitive or 

affective operations that are used within a variety of processes/strategies or operations that the 

participant is ñfreely inserting in a way that is independent of preceding and following activitiesò 

(Hadwin et al., 2007, p. 114). Examining centrality offers insight into the participantsô 

foundational SRL operations and how they built these into more complex strategies or processes 

during the SSA activity. However, as they simply represent indegrees and outdegrees, centrality 

values must be considered in combination with transition graphs when interpreting their 

meaning. 

Table 5 summarizes the centrality statistics for each cognitive and affective operation 

across all participants. The most central operation was monitoring progress against standards 

which had a degree centrality of 154. Notably, monitoring progress against standards was also a 

highly frequent operation across all participants. While it was the second most frequent 

operation, it was the most central operation. Monitoring progress against standards was 

therefore the most pivotal operation across all participants who often alternated between 

monitoring progress against standards and writing, revising, or selection and adaption of 

cognitive strategies for learning and thinking during their SSA processes. The second most 

central operation was planning ï task assessment, the most frequent operation. Participants often 

conducted environmental scans between other cognitive or affective operations or paused to 

consider their next steps at the beginning of each phase of the SSA activity. In this way, planning 

ï task assessment and monitoring progress against standards were driving forces underlying 

participantsô SSA processes. One exception to this trend was participant 15ôs SSA process 

wherein monitoring progress against standards was not a central operation. For participant 15, 

planning ï task assessment was clearly the most central node, suggesting that environmental 
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scans were a favoured starting operation for each strategy. Further, participant 3 did not use 

planning ï task assessment as a pivotal operation; instead, writing, selection and adaption of 

cognitive strategies for learning and thinking and metacognitive knowledge activation were 

central to their processes, along with monitoring progress against standards. This combination 

of operations suggests that participant 3 used writing as a way to think through their ideas and 

drive an iterative cycle of working and assessing their progress and their process. 

While moderately central across the entire group, revision was a relatively central 

operation for participants 1, 7, 8, 9, 10, and 12. A core characteristic of these participantsô SSA 

process involved frequent pauses during the revision process to compare their work to external 

indicators of achievement in the rubric and exemplars (i.e., monitoring progress against 

standards). In contrast, those participants for whom revision was not a central operation tended 

to revise their work in more unbroken process, referring to external resources less frequently or 

not at all in the revision phase. Selection and adaption of cognitive strategies for learning and 

thinking was a relatively central operation for participants 2, 4, 10, 11, and 13. These participants 

spent a great deal of time reflecting on the strengths of their first response and identifying next 

steps for improvement. Another notable centrality statistic related to reading. Reading was a 

central operation for participants 1, 12, and 13. For these participants ï especially participant 12 

ï reading offered a secure jumping off point for moving forward in their SSA processes, 

suggesting that reading motivated students to take up certain operations. In a similar way, writing 

acted as a catalyst for strategy initiation for participant 3 as a central operation. Several 

participants further broke from the overall group trends by centralizing other operations within 

their SSA processes. For participant 8, metacognitive awareness and monitoring of cognition and 

cognitive judgements were central operations that functioned in different ways. Participant 8 
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frequently alternated between metacognitive awareness and monitoring of cognition and 

monitoring progress against standards, suggesting that they alternated between monitoring their 

work and monitoring their approach to the task. Conversely, they often made cognitive 

judgements between other operations related to the reaction and reflection phase of SRL (e.g., 

affective attributions). Thus, for participant 8, reflecting on the strengths and areas for 

improvement of their cognitive process and their work supported other types of reflections, e.g., 

affective attributions, wherein they considered the role of motivation in their perceptions of their 

success. Metacognitive knowledge activation was a highly central process for participant 11. 

Visual analysis of their graph revealed that metacognitive knowledge activation was a hub 

operation particularly during the forethought, planning, and activation SRL phase as it linked to a 

variety of operations from this phase (e.g., goal setting, prior content knowledge activation, 

writing). Thus, planning out their strategy was a driving force of participant 11ôs SSA process at 

the beginning of the task; later, monitoring progress against standards and selection and 

adaption of cognitive strategies became predominant operations. A contrasting SSA process in 

the forethought, planning, and activation phase was demonstrated by participant 7 who used 

prior content knowledge activation in much the same way that participant 11 used metacognitive 

knowledge activation. Participant 7ôs more central use of prior content knowledge activation 

suggests that thinking about what they had learned previously about the poem drove their 

planning process more than thinking about the strategies and resources they would use. Only one 

student ï participant 14 ï used efficacy judgements as a moderately central process. While the 

degree value is relatively moderate in the context of their other operations, visual inspection of 

their graph indicates that reflecting on their perceived capacity to succeed in the task was clearly 
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a hub for a small cluster of affective operations, including ease of learning judgements and goal 

orientation adoption.     

A final point of interest related to centrality concerns the operations that were not central 

in any of the participantsô SSA processes. The two operations with the lowest centrality across 

the group were interest activation (degree centrality=8) and judgements of learning (degree 

centrality=14). Interest activation was only observed in four participantsô SSA processes. Its low 

frequency and centrality suggest that it was relatively unimportant in participantsô SSA 

processes. Judgements of learning were more frequent and were observed across seven 

participantsô SSA processes. However, the low centrality suggests that the participants who 

engaged in judgements of learning only did so at one point during the entire task. This finding 

may suggest that students were not actively reflecting on what they were learning throughout 

their SSA processes. Perhaps most importantly, affective operations were rarely central in any 

participantsô SSA processes. Goal orientation adoption and efficacy judgements were the most 

central affective operations; both reached a degree centrality of 26 across all participants. This 

value is dwarfed by the most central cognitive operations of planning ï task assessment (degree 

centrality=142) and monitoring progress against standards (degree centrality=154). 
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Table 5  

Centrality Statistics for each Operation across every Participant 

    P1  P2  P3  P4  P5  P6  P7  P8  P9  P10

  

P11

  

P12

  

P13

  

P14

  

P15

  

P16

  

 Total 

Degre

e 

1  In  5  4 1  4 3 5 4  4 3  5 7  4  3 4 7 4   

  Out  5  4 1  4 4 6 4  4 4  6 8  4  3 5 8 5   

  Degree 10 8 2 8 7 11 8 8 7 11 15 8 6 9 15 9 142 

2  In  4  2    1 1  1    1 1 1  1  5 2  2  2      

  Out  5  2  1  2 1  1    1 1 1  1  6 3  2  2      

  Degree 9 4 1 3 2 2   2 2 2 2 11 5 4 4   65 

3  In    1  4  1 1    2 3 1 1 1 1  1 1    2   

  Out    1  4  1 1    2 3 1 1 1 1  1 1    2   

  Degree   2 8 2 2   4 6 2 2 2 2 2 2   4 40 

4  In  5  1  2  1 1  2  5 1  2 4  1 4 2 1 1 1   

  Out  5    1    1  2  5 1  2 3  1 4 1 1 1 1   

  Degree 10 1 3 1 2 4 10 2 4 7 2 8 3 2 2 2 63 

5  In  2 1  1    1  1    1 1  1 1    1    1      

  Out  2 1  1    1  1  1  2 1  1 1    1    1      

  Degree 4 2 2  2 2 1 3 2 2 2  2   2  26 

6  In  3  1    2  1  1 4 1 1  1 1    1    2 1    

  Out  3  1    2  1  1 4 1 1  1 1    1    2 1    

  Degree 6 2   4 2 2 8 2 2 2 2   2   4 2 40 

7  In  1  1  2 1  1  1  1 1  1  1  3   1          

  Out  1  2  2 1  1  1  1 1  1  1  3   1          

  Degree 2 3 4 2 2 2 2 2 2 2 6  2    31 

8  In  8  3  7  7 2 4 8 10 2 12 4  2  2 2 1  4   

  Out  8  3  7  7 2 3 8 10 2 12 4  2  2 2 1  4   

  Degree 15 6 14 14 4 7 16 20 4 24 8 4 4 4 2 8 154 

9  In      1    1  2  1 4 2  2  2    1 1  1 2   

  Out      1    1  2  1 4 2  2  2    1 1  1 2   

  Degree     2   2 4 2 8 4 4 4   2 2 2 4 40 

10  In          1    1  1  1  1  1    1         

  Out          1    1  1  1  1  1    1         
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  Degree         2   2 2 2 2 2   2       14 

11  In  2 3 3 6 1   1 2  1 8 4   3   1     

  Out  2 3 3 6 1   1 2  1 8 4   3   1     

  Degree 4 6 6 12 2   2 4 2 16 8   6   2   70 

12  In  1        2   2 3 2   1     2  2 1   

  Out  1        2   2 2 1   1     1  1 1   

  Degree 2       4   4 5 3   2     3 3 2 28 

13  In  1                1    1  1    1  1     

  Out                  1      1    1  1     

  Degree 1        2  1 2  2 2  10 

14  In  1  1  1      1  2    1  1  1 1 1  1   1    

  Out  1  1  1      1  2    1  1  1 1 1  1   1    

  Degree 2 2 2     2 4   2 2 2 2 2 2   2 26 

15  In    1  1      1  1    1  1  1  2  1  2   1    

  Out    1  1      1  1    1  1  1  2  1  2   1    

  Degree

  

  2 2     2 2   2 2 2 4 2 4   2 26 

16  In    1  1      1      1    1  1  1  1    1    

  Out    1  1      1      1    1  1  1  1    1    

  Degree   2 2     2     2   2 2 2 2   2 18 

17  In          1  1  2    1  1  1    1    1      

  Out          1  1  2    1  1  1    1    1      

  Degree         2 2 4   2 2 2   2   2   18 

18  In  1        1                1    1      

  Out  1        1                1    1      

  Degree 2       2               2   2   8 

19  In  2       1        1   1    1   2 1    

  Out  2       1        1   1    1   2 1    

  Degree

  

4       2       2   2   2   4 2 18 

20  In  1  1      1      1  1  1  2    1    2      

  Out  1  1      1      1  1  1  2    1    2      

  Degree 2 2     2     2 2 2 4   2   4   22 

21  In  1        1    1  1  1    1  1      1  1    

  Out  1        1    1  1  1    1        1  1    
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  Degree 2       2   2 2 2   2 1     2 2 17 

22  In  1        1   1  1 1   1  1    1 1 1    

  Out  1              1 1   1  1    1 1     

  Degree 2       1   1 2 2   2 2   2 2 1 17 

 

Multiplicity  

Multiplicity values are presented in Table 6. Multiplicity statistics indicate the degree of 

similarity of the types of transitions between two graphs (Winne et al., 1994). For each 

participant, multiplicity enables identification of the other participant with the most similar SSA 

processes or strategies. Multiplicity can be unweighted, meaning that the number of similar types 

of transitions is calculated against a theoretical ñall graphò which includes every possible type of 

transition. However, Winne and colleagues (1994) have argued that weighted multiplicity 

provides a more granular measure of similarity between two graphs. Weighted multiplicity is 

calculated in relation to a theoretical composite graph that includes all transition types observed 

across the two graphs. Therefore, multiplicity values presented in this study are weighted.  

The highest observed multiplicity ï and therefore the most similar types of ties ï was 

found in participants 6 and 10 with a value of .38 (scale=0-1, where a value of 1 indicates that 

participants had the exact same types of transitions). These participants shared 14 common ties 

compared to a total of 51 tie types observed across both participants. Visual examination of these 

two graphs reveals a key strategy shared by these participants involved transitions between 

planning ï task assessment, monitoring progress against standards, and revising. For both 

participants, an iterative cycle of comparing their work to standards and considering next steps 

towards completing the task underpinned their revision work. Participants 5 and 8 also had 

relatively high multiplicity. Sixty distinct tie types were observed across these two graphs and 16 

of these were shared, yielding a multiplicity value of .36. Visual inspection of these two graphs 
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determined that participants 5 and 8 shared a central multidirectional tie between planning ï task 

assessment and monitoring progress against standards. Like participants 6 and 10, participants 5 

and 8 engaged in a similar cycle of assessing the task remaining and comparing their work to the 

standards in the exemplars and rubric. However, participants 5 and 8 did not share a tie from 

either of these operations to revising, suggesting that both did not engage in progress monitoring 

and planning - task assessment during the revision phase of the SSA activity.  

Importantly, no clear clusters of participants emerged through the multiplicity analysis. 

Certain ties or strategies were shared by pairs of participants, but very few ties were shared 

between groups of three or more participants. Few shared ties between groups of participants 

made meaningful interpretations of clusters improbable. Overall, multiplicity statistics varied 

widely, highlighting the great variation of participantsô SSA processes. 

Table 6 

Weighted Multiplicity Statistics 

 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 

P1  .16 .17 .19 .21 .19 .15 .15 .27 .25 .25 .06 .24 .10 .24 .08 

P2   .28 .28 .17 .13 .09 .08 .12 .21 .17 .10 .17 .14 .12 .13 

P3    .12 .10 .18 .12 .13 .13 .20 .28 .08 .21 .13 .06 .08 

P4     .12 .14 .21 .18 .20 .26 .18 .11 .24 .13 16 .17 

P5      .23 .18 .36 .24 .35 .23 .09 .28 .15 .25 .22 

P6       .16 .20 .14 .38 .15 .14 .20 .21 .15 .13 

P7        .31 .20 .20 .18 .03 .19 .11 .13 .18 

P8         .19 .24 .21 .08 .14 .18 .25 .24 

P9          .23 .21 .12 .20 .18 .26 .24 

P10           .25 .11 .35 .20 .17 .23 

P11            .13 .22 .22 .21 .16 

P12             .13 .31 .06 .13 

P13              .19 .20 .17 

P14               .16 .23 

P15                .19 

P16                 

Note. Average multiplicity =.18 
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Summary of Patterns in SSA Processes 

The following is a bullet point summary of key findings from trace data and graphs. 

¶ Frequency counts of cognitive and affective operations revealed planning ï task 

assessment and monitoring progress against standards to be the most frequently applied 

operations across participants. 

¶ All operations were observed at least once across participants. 

¶ Density analysis revealed which participants exhibited the most and least active SRL.  

¶ Monitoring progress against standards was the most central operation across 

participants. Participants frequently referred to the rubric and exemplars when a) 

explicitly reflecting on the strengths and areas for improvement in their work (i.e., 

selecting cognitive strategies for learning and thinking) and b) revising. 

¶ Planning ï task assessment was also a relatively highly central operation across 

participants. Graphs reveal that participants conducted environmental scans frequently 

between operations throughout all phases of the SSA activity. This finding in particular 

highlighted the recursive nature of SSA processes. 

¶ Graphs revealed unique patterns of centrality within participants (discussed above) with 

some patterns across subsets. These patterns reveal unique strategies (subnetworks of 

operations) that emerged across the group. 

¶ Affective operations were relatively infrequent and not central. The latter indicates that 

participants applied affective operations at singular points and rarely returned to them. 

¶ Multiplicity values revealed pairs of participants with most similar transition types. 

However, multiplicity values were generally low ï the average was only .018 on a scale 

from 0-1 ï highlighting the wide variety of SSA processes observed across participants.  



120 

 

Heatmap 

The heatmap for the participants is presented in Figures 6-8. Visual analysis of the 

heatmap data revealed that participants spent most time examining the outstanding (i.e., stronger) 

exemplar and the rubric; fewer interactions were logged in relation to the good (i.e., weaker) 

exemplar. This finding suggests that the participants spent more time reading the outstanding 

exemplar and the rubric. Students may have found the outstanding exemplar and the rubric more 

helpful in evaluating their own work and identifying areas for improvement than the good 

exemplar.  

Heatmap data also offer insight into which parts of the resources were most used by the 

participants. The heatmap logged more interactions in the furthest most left columns of the 

rubric. These columns contained the assessment objectives (i.e., success criteria) and 

descriptions of these standards at the ñgoodò and ñexcellentò levels. Interestingly, fewer 

interactions were logged in the ñoutstandingò column, suggesting that the participants spent less 

time tracking and reading about what a top-band response looks like. Closer inspection of the 

heatmap data related to the outstanding exemplar highlighted that most interactions occurred 

withing the first paragraph of the exemplar. The number of interactions gradually decreased 

throughout the outstanding exemplar. These data indicate that the participants paid most 

attention to the first paragraph of the exemplar and there was a pattern of increasing attrition 

throughout the exemplar. 
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Figure 6  

Heatmap of the Question Prompt 

 

Figure 7 

Heatmap of the Rubric 
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Figure 8 

Heatmap of the Exemplars 

 

Participant Profiles 

Individual SSA process profiles were created that triangulated data from frequency 

counts, graphs, graph theoretic statistics, content analysis of text entered during SSA, and exit 

tickets. These profiles were provided to the participating teacher to be shared with the individual 

participants. See Appendix C for complete profiles for each participant. Note that, given space 

limits, the profiles focus primarily on density and centrality statistics to support interpretations of 

the graphs. Frequency counts are only discussed in profiles where notable discrepancies exist 

between frequency and centrality. Specifically, frequency of an operation was only discussed if it 

was a highly frequent operation but not a central one; otherwise, the operation was only 

discussed in terms of centrality. More findings related to content analysis and exit tickets are 
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presented in the following section. Note also that nodes are sized according to frequency, not 

centrality, to highlight the impact of loops.  

Emergent Themes from Content Analysis of Keystroke Logs and Exit Ticket Data 

Through inductive analysis of qualitative exit ticket data and keystroke logs of text 

entered into the study website during the SSA activity, six themes emerged related to 

participantsô cognitive and affective processes. Three of these themes relate specifically to 

affective processes and offer deeper insight into the affective processes of SSA which are 

particularly hard to investigate. Within the six themes, varying numbers of codes were identified 

which represent tensions and synergies among the participants. Representative quotations are 

presented anonymously here.   

Perceptions of Cognitive SSA Processes 

Two codes emerged primarily from exit ticket data which summarize how participants 

understood their thought process during the SSA activity. 

Focusing on Identifying Areas for Improvement. Participants shared that a prime 

concern during the SSA activity was identifying areas for improvement. One participant shared, 

ñI focused on what was missing - the use of Dowson's past, which was used in the Rubric and 

exemplar answersò. Another noted that they were ñTrying to understand where i can improve in 

my work and how i will achieve better things next time.ò Interestingly, no participants mentioned 

trying to understand the strengths of their work through SSA. At its core, this code emphasizes 

that participantsô attention was on rooting out the perceived deficiencies in their work rather than 

a holistic judgement that included strengths they should continue to build on. 
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Use of the Rubric and Exemplars. Another core strategy reported by participants, 

unsurprisingly, involved using the resources as a reference point against which to compare their 

own work. One participant shared that 

I thought about the rubric and exemplar responses throughout my self-assessing and 

revision of my answer, which allowed me to see which areas i had responded to 

adequately and where I needed to introduce better ideas, or expand out my ideas in 

greater detail. 

As this approach was suggested to students at the start of the study lesson and given that students 

had engaged in a similar SSA approach in the past, this code is unsurprising. However, it is 

important to note that students cited the rubric and the exemplars roughly evenly ï no one voiced 

a strong preference for just using one type of resource. Heatmap data suggested that certain parts 

of the rubric and exemplars were more utilized than others, and that the weaker exemplar was 

relatively underused (see above).  

Initial States 

ñInitial statesò is a term that has been used to refer to the studentsô cognitive and affective 

states at the start of an activity (Lui, 2020). Four codes emerged that reflect synergies across 

participantsô initial states related to the SSA activity. Unlike the previous theme, this theme and 

its underlying codes emerged primary through the keystroke logs from the study website rather 

than the exit tickets. Thus, most of the evidence for these themes is drawn from the SSA process 

itself rather than retrospective reflections.  

SSA to Inform Improvements and Future Success. The second most frequent affective 

operation was goal orientation adoption, a trace operationally defined as participants making a 

note about the purpose of SSA. This trace was observed in 12 of the 16 participantsô processes, 
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and analysis of the keystroke logs revealed highly uniform responses across the 12 participants. 

The participants described their reason for engaging in SSA as identifying ways to improve their 

work. For example, one participant shared, 

 

This quote reflects an idea common across participantsô responses: SSA is focused on identifying 

ñerrorsò, weaknesses, or areas for improvement. In this way, this code overlaps with participantsô 

perceptions of their cognitive approaches (described above). Another important point 

exemplified in this quotation is that participants adopted a highly task-focused understanding of 

SSAôs purpose. Participants were concerned with how SSA could help them improve their 

responses to poetry, or even more specifically, their responses to this particular poem. This 

participant articulates that SSA helps ñto see things you might add to your work that you didnôt 

think of beforeò and identify the ñbest knowledgeò to write about. Notably, no participants wrote 

about how SSA can support authentic or deep learning. Instead, they espoused a more strategic 

understanding of learning where SSA could be used instrumentally to improve oneôs response to 

a specific question or question type. 

Expanding on the idea that SSA helps to highlight or eliminate deficiencies, participants 

also recognized that it can be helpful in the future as well as in the present task. One participant 

wrote that the purpose of SSA was ñto see what needs to be improved on, and how you can work 

on it to write a better answer next time.ò While still focused on making improvements to a 

specific task type, this quotation reflects a recognition that learning from a SSA activity can be 

applied to future tasks and result in improvement in that task over time. While not explicitly 

stated, there is a fundamental understanding of the link between success criteria and SSA. 

Overall, this code reveals an instrumental understanding of SSAôs purpose with a recognition 
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that it can support improved achievement in similar tasks. Participants did not articulate a link 

between SSA and deeper learning, independent of state-mandated criteria, nor did they describe 

the purpose of SSA as purely strategic or performance oriented (e.g., to get a better grade). 

SSA as a Valuable Activity. The 8 participants who visibly engaged in task value 

activation agreed that the SSA activity was worthwhile. They reported that the process was 

useful in supporting their improvements during the writing activity. Further, participants felt that 

SSA would encourage them to reflect on their writing in the future. One participant shared, 

This task is valuable because it helps me better understand what I can do to improve my 

answers, as well as encouraging me in the future to go back over my essays more 

critically to improve them before handing them in. 

This participant also recognized that SSA could help them improve their grades. Another 

participant shared, 

 

For another participant, the SSA activityôs value was that it taught them a new approach to 

writing: ñThis task is valuable because it allows me to analyse my own work and understand the 

process of writing a response in a way that I haven't had the chance to do before.ò Ultimately, 

this theme highlighted that the participants perceived the SSA activity as valuable for different 

reasons. No participants reported that the activity was not valuable. 

Perceived Challenges of SSA. Analysis of trace data related to ease of learning and 

efficacy judgements revealed that, overall, participants thought of SSA as challenging. 

Participants reported several challenges of evaluating oneôs own work objectively. One 

participant summed up the challenge as follows:  
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As represented in this quotation, participants recognized a link between subject knowledge and 

ease of SSA. In essence, oneôs SSA skills are only as developed as their subject knowledge. 

Another participant that acknowledged limited subject knowledge as a challenge for SSA shared, 

 

A second challenge participants identified was related to bias. Participants often described 

themselves as overly self-critical. Importantly, they seemed to see their self-criticalness as a 

fixed trait, something inherent that was just part of their nature. One participant wrote, 

 

 Despite their focus on their perceived areas for improvement, the participant notes that 

motivation to address these areas as a limitation. Another highlighted,  

 

This participant sees the difficulty they experience in identifying the strengths of their work as 

rooted in their self-critical approach to SSA. Interestingly, no participants articulated the 

opposite challenge of having difficulty identifying their areas for improvement. At its core, this 

code revealed that SSA was considered to be a challenging undertaking for these participants, 

and that participants were able to identify and articulate why SSA is challenging for them. 

High Self-Efficacy to Overcome SSA Challenges. Despite recognizing some challenges 

associated with SSA during the activity, participants voiced high confidence in their capacity to 

make improvements to their work through SSA. Importantly, participants explained that they felt 
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confident when they had access to external feedback to help inform their self-assessments. 

Participants most frequently cited mark schemes or exam specifications as being helpful. For 

example, one participant noted that they find SSA easy if they conduct it with clear success 

criteria provided: ñIf I have a specification/AOs [assessment objectives] next to me Iôm usually 

good.ò This code highlights the importance of the study resources for this groups SSA process 

given that they described SSA as a challenging activity. Another form of external feedback that 

supported high SSA self-efficacy was feedback from a teacher or peers. Several participants 

noted that they trusted teacher feedback more than their own due to their biases about their work. 

During the SSA activity, one participant reflected on how good they think they are at self-

assessing and improving their work, writing, 

 

This participant recognizes the importance of two forms of external feedback ï the mark scheme 

and praise or criticism from others ï in supporting their confidence in their self-assessments. 

This code reinforces the importance of forms of external feedback in supporting high SSA self-

efficacy. 

Participantsô Personal Success Criteria. Evidence that participants brought hidden or 

implied success criteria to the SSA activity was apparent across trace data and in the exit ticket 

data. This code emerged across participants who wrote about assessing their work against criteria 

beyond those explicitly listed in the rubric. Most of these criteria were related with writing 

quality. For example, one student reflected in their exit ticket, ñAs I was self-assessing and 

revising my work, I made sure to check for awkwardly-worded sentences, before examining the 

actual content of the text itself.ò In many instances, there were clear traces of participants editing 
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their writing for clarity, meaning, and grammar. While ñeditingò was not an a priori trace in this 

study, this behvaiour was clearly observable when participants would rewrite and revise sections 

of their first response and revised answer. That participants would apply general writing criteria 

to their work is unsurprising for two reasons. First, these criteria have been internalized through 

years of English education. Second, and perhaps more importantly, writing is an underlying 

implied criterion in the rubric as achieving any of the levels requires clear and precise written 

expression. Beyond writing criteria, some participants cited assessing their work against more 

aesthetic criteria. One participant described checking their work to see if it ñflowed wellò. 

Another shared this in their exit ticket:  

As I was self assessing my work, i was reading the exemplar answers and trying to 

compare them to what I had written. I was also thinking about my goals for the answer 

and what i had not yet included but i wanted to in my revised answer. 

This participant distinguishes between their personal goals and the criteria apparent in the rubric, 

though it is unclear what these goals were. Overall, this code indicated that participants brought 

criteria from beyond the immediate task to the SSA activity as part of their initial states. These 

criteria could be categorized as related to writing quality, aesthetics, and personal goals.  

Managing Affect and Motivation 

Participants reported experiencing varying degrees of challenging affective states during 

their SSA processes. Specifically, participants articulated feelings of anxiety, stress, and 

frustration in both trace data and retrospective exit ticket data. In the exit ticket, seven of the 16 

participants reported some level of agreement (somewhat agree, agree, strongly agree) with the 

Likert scale item ñI experienced feelings of frustration during the self-assessment task.ò Trace 

data revealed that students actively reflected on these affective states during the prewriting and 
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self-reflection phase of the study lesson, before they began revising their work. Participants 

pointed to four of anxiety, stress, and frustration, as well as two strategies they employed to 

manage these feelings. Last, a clear trend of affective states improving throughout the SSA 

activity emerged within the trace and exit ticket data. 

Dissatisfaction with Initial Response as a Source of Frustration . Several stated that 

frustration stemmed from a sense of dissatisfaction with their first response. For example, one 

noted that, ñi felt slightly frustrated if i was unable to articulate an idea how i intended.ò This 

participant actively applied a strategy to manage feelings of frustration: ñi was able to manage 

this by referring back to the question and exemplar responses, to improve my ideas.ò Pausing to 

think about the question and exemplar responses for guidance manifested as planning ï task 

assessment and monitoring progress against standards in this participants SSA process. In this 

way, these cognitive operations alleviated feelings of frustration by allowing them to chart a way 

forward in their process and in their work. Further, the exemplar may have provided the student 

with language to express the ideas they were struggling to articulate.  

Unable to Think of Ideas as a Source of Frustration . In a similar way, participants 

identified not being able to think of satisfactory ideas in response to the question as a source of 

frustration. One participant shared that they were ñFrustrated that i couldn't think of many good 

ideas.ò Related to the above code, the challenge of thinking of ideas they felt were up to standard 

initiated an uncomfortable affective state for some students. This code could point to an internal 

dynamic of recalling prior content knowledge, or thinking of new ideas, in relation to the writing 

prompt and judging the quality of these ideas as an emotionally volatile space within the SSA 

process.  
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Time Pressure as a Source of Anxiety and Stress. Participants identified time pressure 

as a source of anxiety and stress. For example, one participant chose to make a note of their 

emotional state during the SSA activity, writing, ñstress from the time pressure.ò Participants 

expressed a concern with writing enough, suggesting they felt that quantity of writing was an 

implied criterion of a high-quality response. Having limited time to engage in a highly complex 

task unsurprisingly caused feelings of stress and anxiety. This code reinforces that SSA is a 

highly complex activity that may require substantial amounts of time to enable deep learning.  

Planning and Monitoring to Manage Frustration . Participants who experienced 

frustration reported using two cognitive strategies ï planning ï task assessment and monitoring 

progress against standards ï to escape a frustrated affective state. One participant shared, ñi was 

able to manage this [frustration] by referring back to the question and exemplar responses, to 

improve my ideas.ò Pausing to think about the question and exemplar responses for guidance 

manifested as planning ï task assessment and monitoring progress against standards in this 

participants SSA process. In this way, these cognitive operations alleviated feelings of frustration 

by allowing participants to chart a way forward in their process and in their work. Further, the 

exemplar may have provided the student with language to express the ideas they were struggling 

to articulate. A different participant shared, ñ[I] managed [frustration] by reading the rubric and 

exemplars to know how to improve what i was writing.ò This participant, like the previous one, 

actively sought guidance in the resources to manage affective states. 

Pushing Through Unpleasant Affective States. A common metaphor emerged in the 

exit ticket data which described managing affective states participants perceived as negative by 

pushing through them. Exemplifying this code, one participant reflected in their exit ticket on a 

challenging emotion they experienced and how they managed it: ñstressed: I pushed through It 
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and made a plan which made me feel more structured, then read exemplars which made me more 

self-assured.ò In addition to pushing through the emotion, this participant referenced making a 

plan, highlighting once again that planning ï task assessment, a cognitive strategy, was 

important in managing emotions. Notably, participants described not just pushing through an 

emotion, but pushing through and doing something (e.g., planning, writing a paragraph, 

monitoring). This code highlights that acting or working on the activity helped students to 

overcome challenging affective states.  

Revisions and Improvement Leading to Positive Affective States. A strong trend was 

observed across trace data ï especially traces of cognitive and affective judgements, attributions 

and reactions in the reflection phase ï and exit ticket data wherein participantsô emotional states 

improved throughout the SSA activity. To illustrate the prevalence of this trend, 13 out of 16 

participants described such an emotional trajectory. These 13 participants described experiencing 

negative emotions with a range of valences at the start or at some point during the SSA activity. 

For example, participants described feeling ñslightly anxiousò, ñintimidatedò, ñsadò, ñstressedò 

or ñfrustratedò during the pre-writing phase. However, these participants all noted feeling 

ñsatisfiedò, ñhappyò, ñengagedò, and ñmotivatedò as the SSA activity progressed, particularly 

when they analyzed the rubric and exemplars and had the opportunity to revise their first answer. 

One participant summarized this trend as follows: 

I felt more motivated as the task went on, as after the self assessment i felt more 

confident in what i was writing, and after comparing bit to others, I felt more motivated 

to improve my answer and make it better. 

Reflecting on their SSA process, another participant described feeling ñstressed and nervous to 

complete a paragraph with no preparations - then felt more confident and relaxed. Good for 
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revision and memory re-call.ò For this participant, reflecting on the value of the activity at the 

end left them with a positive perception of it. Expressing a similar sentiment, one participant 

noted, ñincreased confidence afterwards ... developed intellect in how to structure a response.ò 

Recognizing the value of the exercise drove this participantsô rising confidence. A third 

participant articulated this trend this way: ñGot happier after seeing the improvements of the first 

one to the second one.ò For many participants, seeing the improvements in their work as they 

worked through their revisions provoked a positive affective response. This trend was 

corroborated in the trace data. Participants who reflected made notes on feeling ñfrustratedò or 

ñstressedò early in the SSA activity invariably reported feeling ñsatisfiedò, ñhappyò, or 

ñmotivatedò when reflecting on their improvements at the end of the activity. In one trace datum, 

a participant chose to make a note of their emotional reaction at the end of the activity, writing 

ñproud of improvementò. A sense of pride was a common emotion expressed in participantsô 

traces of affective reactions. While it does not refer to an explicitly strategy, this code highlights 

the power of the SSA activity in making studentsô progress visible and building their confidence 

in a task. 

Tensions with the Role of Self-Criticism 

Related to affective dynamics, a theme emerged from both trace data and exit ticket data 

wherein self-criticism was perceived as a helpful or limiting force in the SSA process. 

Participants recognized that to engage in SSA in part means to confront the weaknesses in oneôs 

work. For some participants, having their areas for improvement illuminated through 

investigation of the rubric and exemplars was perceived as empowering. One participant shared,  

Initially i had to more self critical in order to be aware of what could be improve. Once 

this was activated in my thought process i was able to compare what i didnt achieve in 
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my initial response compared to the exemplar more honestly, and of that i noted it and 

attempted to include it within my revised attempt. 

This participantôs use of the word ñactivatedò is interesting, as it suggests that looking at their 

work critically is not necessarily a naturally occurring process, but one that must be actively 

switched on. Another interesting point is that they recognized that making themselves more self-

critical enabled them to be honest in their self-assessments, highlighting that honest self-

assessment is a choice contingent on oneôs willingness to confront the ways in which their work 

is not perfect. In this way, adopting a self-critical stance was seen as a driver of productive SSA. 

Another view of self-criticism saw it as a barrier to learning, one that needed to be 

overcome in order to complete the SSA activity. Participants noted that having to confront the 

less successful aspects of their work diminished their self-confidence. One participant, 

describing how their emotional states changed throughout the activity, noted that the activity 

ñlimited self-confidence as have to find good/bad.ò In this way, SSA was seen as a double-edged 

sword in that it helped students to focus on their strengths and weaknesses; however, the latter 

focus could be humbling for participants. Another participant shared, ñat first I felt struggle to 

overcome resistance over self-criticism, but then I felt guided and more confident in my 

improvements.ò Their use of the words ñstruggleò and ñresistanceò highlight an internal conflict 

wherein they did not want to think self-critically and had to either fight the impulse to be self-

critical or embrace self-criticism. Ultimately, it was guidance from the rubric and exemplars that 

enabled them to move past this struggle, likely because even though they had to confront the 

weaknesses of their work, they felt supported and confident in making improvements. While the 

participants voiced divergent understandings of the role and value of self-criticism in their SSA 

processes, what is most interesting is that in both views, participants conflated criticizing their 
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own work with criticizing themselves. In other words, participants struggled to critically evaluate 

their work because they took any self-imposed feedback for improvement personally. 

Decisions about Revisions 

Participants articulated three distinct strategies for informing revision decisions in their 

work: monitoring progress against standards, recalling past feedback, and rereading their answer. 

Codes within this theme were drawn from exit ticket data but are corroborated through traces. 

Monitoring Progress Against Standards. Participants articulated that their decisions 

about what and how to revise their first response were rooted in their comparisons of their work 

with the exemplars and rubric. Participants described focusing on any success criteria or content 

knowledge that were demonstrated in the exemplars and rubric that were not apparent in their 

own work. Their priority was to focus on incorporating these missing success criteria or pieces of 

content knowledge into their revised response. To exemplify this strategy, one participant 

reflected, ñUsing the rubric, I was reminded that it would be beneficial to link the speaker's 

actions to contexts regarding Dowson's life that would be relevant. The exemplar responses were 

also useful, because they gave me alternative readings and in-depth analyses to use in my revised 

answer.ò This strategy reflects the cognitive operation of monitoring progress against standards 

which was the second most frequently observed and the most central operation across 

participants. The importance of the rubric and exemplars also emerged in participantsô cognitive 

attributions where they identified the rubric and exemplars as critical guides. Further, as 

described above, these resources were key to managing affect, motivation, and self-criticism. In 

this way, this code of monitoring progress against standards crosscuts many of the other themes 

and emphasizes the centrality of the resources in supporting confidence and revisions. 
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Recalling Past Feedback. Interestingly, participants emphasized the importance of past 

feedback in informing their revision decisions. My study journal highlights that, during the study 

lesson, students appeared to work independently and silently through all the activities. The class 

teacher was rarely asked a question by one of the students. However, their teacherôs feedback 

was evidently still at play within the SSA activity as participants reported this shaping the 

decisions they made about how to change their response. One participant described making 

revision decisions on the basis of past feedback as follows: ñI use what I have been suggested by 

teachers.ò At its core, this code highlights that SSA is not truly an independent activity ï it is 

almost a co-assessment of work between the student and external feedback they have 

internalized. This code likely overlaps with the subtheme of participantsô personal success 

criteria: while it was not investigated in this study, it is logical that these personal goals or 

criteria are shaped by past feedback they have received in tasks they perceive as similar. 

Re-reading their Response. A third strategy that emerged involved participants re-

reading their response. While participants reported this strategy in the exit tickets, it was also 

observed in trace data wherein participants tracked their cursors over their writing, implying they 

were re-reading it. While participants articulated this as its own strategy, it was never listed in 

isolation. Participants who discussed re-reading also listed other related strategies (such as using 

the rubric). Trace data support that rereading was often used as a part of monitoring against 

standards or writing/revising. However, this code is distinct from monitoring progress against 

standards in that participants may have been rereading their work with a focus on their own 

goals ï e.g., participants described reading for ñflowò and ñawkward sentencesò ï or to get a 

general sense of their ideas rather than thinking about the standards in the rubric. At the heart of 

this code is a crosscurrent with two other codes, studentsô personal goals and recalling past 
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feedback, as it highlights the significance of criteria beyond those strictly required by the task in 

informing revisions. 

Scrutinizing Keystroke Logs in Traces via Content Analysis 

One final theme emerged solely from analysis of trace data. In general, content analysis 

of participantsô keystrokes related to traces revealed that participants were authentically 

engaging in the operations according to the operational definitions. In contrast to research that 

has identified shallow engagement or copying in some operations (e.g., Hadwin et al., 2007), 

content analysis revealed that participants were most likely thoughtfully engaging in the 

cognitive and affective operations they were implying. Very few instances of participants 

providing unclear, uninterpretable, or extremely short responses to note prompts were recorded, 

suggesting that participants were generally actively engaged in the operations. However, two 

codes emerged in the data which describe two phenomena related to the nature of the SSA 

operations. 

Focus on Writing Task over SSA Activity in Metacognition. First, trace data revealed 

that participants tended to focus on the writing task when engaging in metacognitive awareness 

and monitoring of cognition rather than the SSA task. When reflecting on what strategies they 

were using during the SSA activity, participants tended to write about strategies for the writing 

task (i.e., poetry response) rather than strategies specifically related to SSA. For example, one 

participant paused to create a note on their strategy during the SSA activity, writing 

 

The strategies they describe are specific to the exam type question to which they are 

responding rather than SSA itself. While this trend was most visible in traces of metacognitive 

awareness and monitoring of cognition, it was also apparent in others. For example, when 
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activating metacognitive knowledge, participants almost exclusively activated metacognitive 

knowledge related to answering poetry questions rather than metacognitive knowledge related to 

engaging in SSA. Fundamentally, this code elucidates that two levels of SRL processes can be 

thought of when exploring SSA processes: networks of operations related to a) SSA as an 

activity, and b) the task in which students are self-assessing. In other words, self-assessors may 

be actively regulating both their writing processes and the strategies they are using to assess their 

work and improve it. Researchers examining SSA processes may need to consider and define the 

interconnectedness of these levels. 

Reframing Content Knowledge in the Revised Response. A final code emerged across 

content analyses of participantsô revised responses that related to participantsô revised responses. 

This code indicated that participants did not directly copy from the exemplar responses in their 

answers. Revised responses were original. In their revisions, some participants added highly 

original ideas related to the writerôs use of symbolism and the poemôs subtext. For example, in 

their revised answer, one participant identified a semantic field of illness in the poem and, by 

linking to the Victorian belief that physical symptoms could be manifestations of emotions, 

excavated a subtle and original interpretation of the poem that added to a substantially improved 

response. It is unclear whether such highly original ideas were known before and may have been 

triggered by the exemplars, or whether they were thought of during the activity. Participants also 

frequently incorporated or expanded upon ideas from the outstanding exemplar into their revised 

answers. For example, many participants reworded the exploration of the symbolism in the name 

Cynara in their revisions. Often, when students borrowed an idea from the exemplar, they built 

on it using their prior knowledge. For example, one participant wrote about how the author broke 

from their structure to draw the readerôs attention to a specific line ï an idea from the exemplar ï 
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and added their own interpretation that the centrality of the word ñCynaraò reflects that Cynara is 

at the center of the speakerôs life. This code highlights the implications of using exemplars that 

are on the same writing prompt as the task the students are completing. Using an exemplar on the 

same writing prompt provides students with content knowledge; using one related to a different 

prompt may introduce another cognitive operation wherein participants translate success criteria 

across topics. 

Summary of Heatmaps, Trace Data Content Analysis, and Exit Ticket Data 

The following is a bullet point summary of key findings from the latter half of this chapter. 

¶ In combination with trace data and graphs, heatmaps and thematic analysis enabled the 

assembly of individual participant SSA process profiles. Each profile provides an 

analysis of the participantsô SSA processes based on triangulation of all data types. These 

profiles were able to provide concrete and actionable feedback to each participant. 

¶ Heatmap data revealed more interactions with the rubric and outstanding exemplar than 

the weaker good exemplar. The good exemplar was relatively ignored. 

¶ Within the rubric, participants primarily interacted with the list of success criteria and the 

good and excellent achievement level columns. The outstanding, top band achievement 

column was relatively ignored. 

¶ Within the outstanding exemplar, participants tended to focus on the first paragraph. 

¶ Themes emerged across content analyses of traces and qualitative exit ticket data. A key 

trend was that affect and motivation improved throughout the SSA activity as participants 

recognized the improvements in their work. 
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¶ Participants reported goal orientations that focused on improvement within the particular 

task and transferability to similar tasks. They articulated the purpose of SSA as largely 

instrumental and did not link SSA to more general learning or SRL. 

¶ Participants highlighted sources of negative affective states and strategies they employed 

to overcome them, e.g., pushing through, stepping back to plan next steps, revisiting the 

rubric and exemplars. 

¶ Comparing their own work to the rubric and exemplars were at the heart of participantsô 

SSA strategies, adding support to trace data patterns which highlighted the centrality and 

frequency of monitoring progress against standards.
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Chapter 5 

Discussion 

 

Researchers have long recognized that SSA is a core component of classroom assessment 

that serves student learning (e.g., Andrade, 2010; Black & Wiliam, 1998; Earl, 2012; Hattie & 

Timperley, 2007; Nicol & Macfarlane-Dick, 2006; Sadler, 1989). As Andrade (2010) and Sadler 

(1989) have argued, assessment cannot be left in the hands of the teacher alone: ultimately, it is 

the students themselves that must assess and adjust their process and performance towards goals 

if authentic learning is to occur. As discussed earlier, one of the most enthusiastic empirical 

supports for SSA in the K-12 classroom comes from the research of John Hattie. Based on 

Hattieôs extensive meta-analysis, which included data from 300 million K-12 students from 

around the world, ñstudentsô ability to report thoughtfully on their own performance (another 

way of saying they are assessment capable) has an effect size of 1.44, meaning that it more than 

triples the speed of learning [based on Hattieôs calculation that .40 represented one yearôs worth 

of learning]ò (Frey et al., 2018, p. 48). Despite theoretical and empirical support for SSA, 

research has also shown that students who engage in SSA are not guaranteed to receive its 

benefits (e.g., Andrade, 2019; Brown & Harris, 2013). The primary barrier to consistently and 

effectively supporting SSA in K-12 contexts is that the cognitive and affective processes of 

students engaged in SSA activities are not fully understood (Andrade, 2019). Without 

understanding these internal SSA processes, teachers are unable to effectively tailor SSA 

activities to suit their students' needs and support student learning during SSA (Panadero et al., 

2016).  
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Fundamentally, this research responded to calls to empirically investigate the black box 

of SSA ï the cognitive and affective processes of students engaged in an authentic SSA activity 

ï within the context of a senior high school English class. While similar work is required across 

other subject domains and learning cultures, this context was chosen given the empirically-

established link between SSA and learning to write (Andrade & Valtcheva, 2009; Graham & 

Harris, 2018; Lin-Siegler et al., 2015) and because it is important to examine studentsô SSA 

processes just before they leave K-12, the environment of highest teacher support. The data 

collected in this study responded to two research questions: 

1. What are the cognitive processes of grade 12 students as they self-assess their analytical 

writing? 

2. What are the affective processes of grade 12 students as they self-assess their analytical 

writing? 

Employing a collective case study design, this research deeply investigated SSA 

processes within a specific and well-defined context. Instead of supporting generalizable 

findings, this multimethod study design sought instead to collect and triangulate a variety of 

types of data to develop a rich understanding of one classôs SSA processes directly informed by 

the assessment and learning culture in which they are immersed. Specifically, by drawing on 

highly fine-grained traces of participantsô cognitive and affective processes during an authentic 

SSA-based lesson, this study contributes the first empirical evidence of the ways in which high 

school students think and feel during an actual SSA activity. In this way, it contributes highly 

nuanced findings to inform SSA theory.  

Further, this study addressed key limitations in previous empirical research. First, this 

research examined studentsô cognitive and affective processes during a well-defined, authentic 
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classroom SSA activity. Data were collected in real time and in an authentic classroom computer 

lab environment. The SSA activity was one with which students were familiar, and the topic was 

part of their actual curriculum and something they were studying with their teacher. With 

recognition of the wide variety of activities called SSA (Andrade, 2019; Panadero et al., 2016), 

as well as the key role of classroom context in shaping SSA (Andrade & Brown, 2016), this 

study pushed back against previous studies of unidimensional, decontextualized conceptions of 

SSA (e.g., Butler, 2018; Panadero et al., 2020; Yan, 2020a; Yan & Brown, 2017).  

Second, this study interpreted SSA processes using an a priori theory of SRL. This highly 

granular theory of SRL has been favored as a way to understand the connection between 

classroom assessment and contemporary understandings of learning (Andrade & Brookhart, 

2019; Brookhart, 2013). As the theory explicates cognitive and affect/motivation subprocesses 

separately across four distinct SRL phases, it provides an unparalleled basis for theorizing and 

empirically investigating the cognitive and affective SRL processes of SSA. By using this 

theoretical foundation to understand studentsô SSA cognition and affect within an authentic 

classroom SSA activity, this research built on contemporary conceptions of SRL as a process 

which needs to be examined within a specific activity and context rather than as a fixed aptitude 

or trait that operates similarly in any context (Cleary et al., 2021).  

Third, this research is the first known to study SSA cognition and affect using digital 

traces of the ways in which students were thinking and feeling during an SSA activity. By 

drawing on session recordings of studentsô actual behaviours during SSA, this study generated 

fine-grained trace data that is usually impossible with traditional learning analytics (Winne, 

2017). This fine-grained empirical evidence of studentsô thinking and feeling is thus one of the 

chief contributions of this work and responds directly to calls to collect highly volatile data from 
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learning processes in real time (Winne et al., 2019), SSA included (Panadero et al., 2020), and 

digital traces of SSA (Yan et al., 2019).  

Fourth, this study did not rely solely on self-report data to inform its findings as past 

research has (Panadero et al., 2020; Yan, 2020a, 2020b; Yan & Brown, 2017). Self-reports ï 

especially retrospective and task-unspecific ones ï of cognitive processes have been shown to 

bear little resemblance to studentsô actual processing (e.g., Hadwin et al., 2007; Schellings et al., 

2013; Winne, 2019a), possibly in part because they require perfect memory (Winne, 2020).  

Fifth, this study is one of a few to study the SSA processes of students from a K-12 

population. Most related research has studied postsecondary samples, despite recognition that 

learning about SSA processes before postsecondary is critical (Brown & Harris, 2014; Yan et al., 

2019). Moreover, Yan and Brownôs (2017) theory of SSA actions ï one which is the basis for 

their line of work and SSA instrument (e.g., Yan, 2018, 2020a) ï is based on a study of 

preservice teachers in an assessment concentration (Yan & Brown, 2017; Yan et al., 2019). 

In the remainder of this chapter, I will discuss the most important findings of this study as 

they pertain to the two research questions. Concurrently, I will discuss implications and 

provocations of these findings. I will then discuss the limitations of this research and future 

directions for this line of inquiry.  

The Cognitive Processes of SSA 

Brown and Harris (2013), in concluding their seminal meta-analytic review of SSA 

research in K-12 contexts, posited that SSA supports learning ñprovided such self-evaluation 

involves deep engagement with the processes affiliated with self-regulation (i.e., goal setting, 

self-monitoring, and evaluation against valid, objective standards)ò (p. 386). Andrade and 

Brookhart (2019), in fusing together classroom assessment research and SRL, made the 
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argument that SSA is central to engaging students in a variety of SRL processes across all phases 

of SRL. While longitudinal studies are presently lacking, Andrade and Brookhartôs theory of 

classroom assessment as co-regulation would suggest that classroom assessment activities 

generally ï and SSA specifically ï engage students in practicing SRL processes with the teacher 

and their classmates until over time they internalize these processes and learn to regulate 

independently. In this way, the central and frequent cognitive and affective processes observed in 

this study highlight those that the participants were practicing and the processes participants 

would likely develop with SSA practice over time. In other words, the processes observed in this 

study begin to illuminate the internal mechanisms by which SSA shapes studentsô learning over 

time.  

First, it is important to note that all cognitive and affective operations theorized in my 

synthesis of SRL research within Andrade and Brookhartôs (2019) SRL framework were 

activated by participants within this SSA activity. Before exploring the most central and frequent 

operations, this finding suggests that all the cognitive and affective operations can be a part of 

SSA processes. In other words, every operation was helpful to someone in the class. Wide 

variation across participantsô SSA processes was observed, highlighting that SSA processes, 

when examined at this level or granularity, are highly personal. While some strategies (i.e., small 

networks of operations and transition patterns) were observed across pairs of participants, no 

clear clusters of participants emerged related to transition types. Thus, informing a robust and 

detailed model of SSA processes will require data from many more participants, an endeavor 

which remains at the heart of the research agenda. Specifically, future research should employ 

similar methods to classify approaches or responses within this evidence informed SSA activity 

across contexts.  
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This research could eventually help high school English teachers identify patterns of SSA 

processes ï e.g., specific strategies or barriers ï and provide support accordingly. Further, the 

observed variation of SSA processes in this study highlights the importance of teachers 

understanding the individual operations in order to support students within the classroom. Armed 

with a knowledge of the most frequent and central operations, high school English teachers 

would be well positioned to suggest strategies to students who are stuck or frustrated within the 

SSA activity. 

Findings from this study attach particular importance to two cognitive operations. The 

most central operation across participants was monitoring progress against standards. As such, 

participants employed monitoring progress against standards as a ñhubò process, one they 

reverted to often or freely inserted throughout the activity. Specifically, graphs revealed that this 

operation was applied in two ways. First, participants frequently checked the rubric and 

exemplars while they were revising their first response. This finding reinforces the importance of 

the external sources of feedback, the resources, as guides for studentsô learning. Research has 

shown that referring to resources (e.g., exemplars, mark schemes, past exams) to guide task 

completion is the SSA action associated with the highest achievement on the task compared to 

all other SSA actions (e.g., asking for feedback from the teacher; Yan, 2020b).  

My finding reinforces the importance of providing students with high quality resources 

with which to assess themselves. The participants, high prior attainers who likely have strong 

SRL skills, were able to use the external resources to effectively improve their work with little 

teacher support. Interestingly, heatmap data indicated that participants paid most attention to 

specific aspects of the rubric, namely, the list of criteria and the good and excellent columns. 

Previous research has found that participants perceived that using rubrics to support SSA was 
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helpful in developing SRL processes (Wang, 2017); however, the specific ways in which 

students use rubrics during SSA has remained in a black box. My study suggests that students 

may need support in using rubrics most effectively. The ways in which educators support 

students in using rubrics may be an important aspect of supporting productive SSA. Further, 

heatmap data suggested that the weaker exemplar was not used to the same extent as the rubric 

and the outstanding exemplar. Researchers have found that grade 6 students using exemplars of 

contrasting quality during SSA of writing were able to improve their work significantly more 

than a comparison group using only a high-quality exemplar (Lin-Siegler et al., 2015). The 

participants in my study had high targets and may have felt that the weaker exemplar would not 

be useful. However, the act of comparing different levels of quality could support deeper 

understandings of success criteria (Lin-Siegler et al., 2015). 

My study suggests that students may need encouragement or explicit assistance in 

effectively utilizing weaker exemplars alongside strong ones. Leading class discussions that 

compare strong and weak exemplars could be a useful activity in supporting learning through 

SSA (Andrade & Valtcheva, 2009). Further, heatmap data indicated that, while monitoring 

progress against standards using the outstanding exemplar, participants tended to primarily 

interact with the first paragraph of the exemplar. Perhaps, in an effort to save time, participants 

found enough guidance in the first paragraph and did not feel a need to read further. While more 

heatmap data is needed to inform generalizable findings related to how students use exemplars 

and rubrics during SSA, findings from this study offer initial evidence that highly strategic and 

high attaining students may strategically select aspects of these resources to use. Further research 

could help educators design more useful and efficient resources to support studentsô SSA 

processes. 
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Participants tended to alternate between monitoring progress against standards (i.e., 

reading the rubric and the mark scheme) and selecting and adapting their cognitive strategies for 

learning and thinking (i.e., explicitly noting what they did well and how they feel they need to 

improve their work) and/or revising. In this way, monitoring progress against standards was an 

underlying process of selection and adaption of cognitive strategies for learning and thinking. 

This finding supports theories that decisions about revisions are driven by two related but 

distinguishable subprocesses of monitoring work to self-generate feedback and then formulating 

interpretations based on that self-generated feedback (Andrade, 2013; Draper, 2009). What 

remains in the black box is the link between these processes, the factors or processes that shape 

participantsô interpretations or attributions from their self-generated feedback. Thus, the ways in 

which teachers can support studentsô interpretations from monitoring remains an area for 

empirical investigation (Andrade, 2013).  

The second cognitive operation of importance was the most frequently applied operation, 

as well as the second most central across participants: planning ï task assessment. Interestingly, 

this operation was not part of the a priori theoretical foundation underpinning this research. 

However, it emerged so frequently and clearly through the trace data that its importance could 

not be ignored. Planning ï task assessment arose primarily in instances where participants 

conducted environmental scans of the study website. Scrolling and tracking text for medium 

lengths of time between operations implied that participants were scanning through resources 

and prompts ï the digital environment ï in order to chart their next steps. Given that the webpage 

was quite long, this trace was clear and apparent whenever it occurred (i.e., it was easy to see 

when participants were conducting environmental scans because they had to interact noticeably 

with the webpage). While monitoring was tightly bound with two operations ï revising and 
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selection and adaption of cognitive strategies ï to form a strategy, planning ï task assessment 

was inserted freely throughout and often applied several times in succession. This distinction 

suggests that monitoring was most important in the performance and control phases of the SSA 

activity, while planning ï task assessment was useful for participants across all phases. To my 

knowledge, related research has not highlighted the importance of planning ï task assessment or 

environmental scans in SSA. It is possible that this process is only likely to be detected in highly 

granular traces, though some participants did recognize in their self-report data that planning was 

important to their process. Researchers and educators would be well served by investigating what 

happens while students are engaged in this process. How are they making decisions about how to 

proceed in their work? What criteria are they using to assess the task and most productive next 

steps? How can teachers support studentsô planning ï task assessment? 

Participantsô Affective SSA Processes 

Transition graphs suggested that affective operations were applied infrequently in 

comparison to cognitive ones. Further, affective operations were not central operations across 

participants. This finding suggests that participants paused at key points to reflect on their 

emotional and motivational states; however, such operations were isolated events linked to 

specific points rather than points of initiation for strategies. The relative infrequency of affective 

operations should not suggest that affective processes are unimportant in SSA. In fact, every 

participant applied affective operations except for participant 4, suggesting that they play an 

important role in SSA processes. Additionally, in the limitations section, I will explain one 

challenge related to affect detection that could have caused the role of affect to be 

underrepresented in my findings. Instead of indicating that affect/motivation is unimportant, the 

relative infrequency and low centrality of affective operations could suggest that students need 
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more support managing their affect/motivation during SSA. Research and teaching practice has 

tended to focus on how classroom assessment can support cognitive operations (Andrade & 

Brookhart, 2019). Consequently, while teachers may use assessment to teach students to set 

goals, self-monitor, and reflect, they may not explicitly draw studentsô attention to their affective 

states and strategies for managing affect/motivation. More guidance may be needed for 

supporting students in developing strategies to manage affect/motivation through assessment 

generally, and SSA in particular (Panadero et al., 2020), given affect/motivationôs critical role in 

learning (Boekaerts, 2010; van Reybroeck et al., 2017).  

Further, exit ticket data as well as content analysis of the affective traces revealed some 

important affective processes. First was the trend of improving affect and motivation throughout 

the SSA activity. Participants reported experiencing feelings of anxiety, stress, frustration, and/or 

low motivation in the prewriting phase of the activity. Time pressure and dissatisfaction with 

their work were cited as primary sources of these feelings. The interview with the teacher 

revealed that the class was a high attaining group who were concerned with grades and doing 

well in their high-stakes exams. Given that the SSA activity started with an exam style question, 

the students likely viewed it as a test of their learning and may have experienced these affective 

states as a result of wanting reassurance that they are on target. 

However, while they experienced challenging affective states during the prewriting 

phase, a trend emerged across participants wherein motivation and affective states improved 

throughout the activity. Exit ticket and trace data revealed that it was the guidance participants 

sought in the rubric and exemplar which allowed them to improve their work substantially. 

Ultimately, it was participantsô feeling of improvement that led to increased confidence and 

motivation. This finding is in line with Rossô (2006) theory that SSA teaches students a mastery 
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view of learning wherein knowledge is not fixed. By recognizing significant improvements to 

their work through SSA, they see how application of strategies can lead to improved 

performance, which increases self-efficacy. This trend highlights the importance of providing 

students with the opportunity to revise and improve their work as a result of SSA feedback and 

classroom assessment feedback more generally (Andrade & Valtcheva, 2009; Lin-Siegler et al., 

2015). It is important to note, however, that the interview with the teacher revealed that the 

specific SSA activity in this study was similar to one they had done before. Their familiarity with 

the activity likely supported their success in it: participants likely knew how to use the exemplars 

and rubric to self-assess their work. In Rossô (2006) theory, students feeling successful at the end 

of a SSA activity is critical for supporting improved self-efficacy. Further, research has 

suggested that learning through SSA improves with consistent practice over time (Lopez & 

Kossack, 2007). Combined, my finding and these studies indicate that students with little 

experience in this SSA activity might need extra support when first learning to use exemplars 

and rubric to assess and improve their work. Without a class discussion about the exemplars 

(Lin-Siegler et al., 2015) or a systematic approach to analyzing them, students may not be 

equipped to make improvements to their work that drive self-efficacy and motivation.  

Traces of adapting strategies to manage motivation and affect also supported that the 

participants saw the opportunity to revise their work as a driving force for their motivation which 

enabled them to mobilize their efforts towards revisions. This finding resonates with the 

literature. Andrade and Brookhart (2019), in reviewing classroom assessment literature, noted 

that studies have consistently reported that students are motivated to learn from feedback when 

they have a timely opportunity to apply it.  
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My research also highlighted a critical link between SSA affect and cognition. Thematic 

analysis of exit ticket and trace data revealed that participants employed specific cognitive 

operations to overcome feeling of frustration, anxiety, or sadness. Specifically, these negative 

affective states motivated participants to engage in monitoring progress against standards using 

the rubric and planning ï task assessment. Participants reflected on ñpushing throughò negative 

feelings. The mere act of planning next steps or reviewing the study resources allowed students 

to take action (e.g., select a cognitive or affective operation) and carry on with their work. This 

finding is critical for classes that, like the participating class, care deeply about their 

achievement. Such students are likely to experience challenging affective states due to the 

pressure they feel to succeed; this study suggests that teachers can support students with such 

challenges by engaging them in planning ï task assessment or directing them to external 

resources for guidance. A provocation of this finding is that it calls teachers to be sensitive and 

responsive to the affective processes of students engaged in an SSA activity. This study 

highlights that teachersô awareness of these feelings and being able to step in and support 

students with strategy selection is key to developing productive SRL processes through SSA. 

Empirical research examining affective processes of SSA is extremely scant (Panadero et al., 

2020) and this finding has not yet emerged before this study.  

Interestingly, the only participant who did not apply affective processes ï participant 4 ï 

reported in their exit ticket that they felt motivated and engaged throughout the entire lesson. 

This could suggest that affective operations were triggered when participants noticed challenging 

affective states or low motivation. While these participants ï high prior attainers and active self-

regulators ï were able to notice feelings of anxiety or frustration and apply strategies to manage 



153 

 

them, other students may need more support in being mindful of their affective states during 

SSA.  

Another important finding related to affect/motivation was that participants generally 

articulated the purpose of SSA as informing improvements and future learning. Previous 

research related to learnersô understandings of the purposes of SSA collectively suggests that 

learnersô understanding of SSAôs purpose and role in learning shapes the ways they engage in 

the process (Andrade, 2019; Andrade & Du, 2007; Bourke, 2016; Ndoye, 2017; Sedikides & 

Strube, 1995). This research suggests that learning oriented understandings of SSAôs purpose 

lead to deeper engagement in the process. As revealed in content analysis of traces, participants 

in my study invariably deeply engaged in the SSA activity. They were extremely focused 

throughout the task, and all demonstrated active and intentional engagement in SRL processes at 

all phases to varying degrees. However, their articulation of the purpose of SSA in traces, while 

learning and improvement oriented, tended to focus on learning and improving within the 

specific task, an exam style poetry question.  

For some researchers, this instrumental or strategic use of SSA is beneficial for learning 

as it allows them to understand and internalize curriculum standards (e.g., Ndoye, 2017). 

However, others have argued that such a view of SSA imposes criteria on students and actually 

limits learning (Andrade & Brown, 2016; Bourke, 2016). Investigating how primary and 

secondary studentsô perceptions of self-assessment are shaped by institutional demands (e.g., 

mandates learning standards), Bourke (2016) found that studentsô own conceptions of learning 

affected the ways in which they thought about self-assessment. Specifically, students who 

espoused an understanding of learning as simply meeting educational goals viewed self-

assessment as a useful tool to identify and hit educational targets, whereas students who saw 
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learning as working towards personal goals had a deep understanding of the importance of 

evaluating your own learning. Bourke concluded that standards-based understandings of 

learning, adopted by some students as a result of their understanding of institutional structures 

and pressures, actually hinders deep and productive self-assessment. Educators should work to 

liberate students from the trappings of standards by shifting the focus of self-assessment from an 

instrumental approach to learning to the attainment of personal goals.  

Participants in my study may have adopted SSA for strategic or instrumental reasons ï 

i.e., success on their A level exam poetry question ï given that they all want to do well in their 

high-stakes exams. In a sense, they may not have the luxury of being able to focus on achieving 

personal goals through SSA. While my findings did indicate that participants brought goals 

beyond the success criteria to the SSA activity, these goals appeared to be related success in the 

writing task (e.g., clarity of writing) or based on past feedback from teachers. Only a few 

examples of aesthetic or personal goals (e.g., ñflowò) were observed in trace data and self-

reports. This finding provokes the need for further investigation to parse out the different 

understandings of SSAôs purpose learners hold and their impacts on SSA processes and learning. 

Building on Bourkeôs argument, my research reinforces a core challenge teachers ï especially 

those in high-stakes exam contexts ï face: the need to balance strategic SSA for exam success 

and agentic SSA for personal development and deep learning. For educators, cultivating ways to 

support students in setting their own goals and using SSA in support of learner agency may be 

critical to driving authentic, lifelong learning.    

Implications for Theory  

This study advances theories that excavate the links between classroom assessment and 

learning from as SRL perspective (Allal, 2011; Andrade & Brookhart, 2019; Black & Wiliam, 
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2006; Brookhart, 2013; Panadero et al., 2018; Butler & Winne, 1995). SSA has long been 

recognized as a core component of classroom assessment (e.g., Black & Wiliam, 1998; Nicol & 

Macfarlane-Dick, 2006; Sadler, 1989) and the centrality of SSA as a co-regulator of student 

learning has been emphasized in most recent theories of classroom assessmentôs role in learning 

(Andrade & Brookhart, 2019; OECD, 2018; Panadero et al., 2017). As such, findings from this 

study extend contemporary understandings of classroom assessment as co-regulation by 

providing initial insight into the black box of a core aspect of assessment. This study has three 

important implications for theory. First, the centrality of planning ï task assessment, monitoring 

progress against standards, and other cognitive and affective operations within participantsô 

SSA processes demonstrates the recursive nature of SRL within SSA. Since degree centrality is 

calculated without consideration of self-loops, central processes only represent those which 

participants use as points of return and departure, or those they frequently insert between other 

operations. Planning ï task assessment, an operation belonging to the forethought, planning and 

activation phase in Winne and Hadwinôs (1998) influential information processing model of 

SRL, was a central process across participants that was therefore one they returned to often.  

In developing their model of self-assessment practices, Yan and Brown (2017) concluded 

that SSA is a cyclical process that repeats until the task must be submitted or learners are 

satisfied with their work. My research, by examining SSA processes in real time, pushes back 

against the notion of a SSA cycle. Instead, SSA processes as observed in this study more closely 

align with a description of SRL advanced by Winne (2011): SSA process can be understood as 

occurring over ñweakly sequenced and recursive phasesò (p. 20). The distinction between the 

cyclical perspective proposed by Yan and Brown (2017) and the recursive view of SSA 

processes shown in my research is important. The cyclical perspective supports understanding 
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how students form holistic judgements of their work outside of a classroom, but to truly inform 

scholars and teachers in supporting SSA within the classroom, the loosely sequenced and 

recursive perspective of SSA processes is critical. For researchers, methods for examining SSA 

processes will need to provide participants with the latitude to apply any operation at any phase 

of the activity. For example, a learner engaged in SSA can still engage in prior content 

knowledge activation in the performance and reflection phases, and researchers need to devise 

mechanisms for detecting such processes. For teachers and students, it will be important to 

recognize that moving through SRL operations, or SSA cycles, ñin orderò is not necessarily 

desirable. Instead, the focus shifts to selecting the right strategy to manage challenges that arise 

during the learning task. Based on this study, for example, an effective strategy for managing 

frustration at any point in the SSA activity could be to conduct an environmental scan and pause 

to think of what to do next, i.e., planning ï task assessment, even if the frustration does not occur 

within the planning stage of the activity. 

Second, this study provides empirical support for Andrade and Brookhartôs (2019) theory 

of classroom assessment as coregulation as an effective framework for investigating the 

connection between SSA and learning. The granularity of Pintrich and Zushoôs (2002) model of 

SRL, combined with its disaggregation of cognition and affect/motivation, made it a fruitful 

model for investigating SSA processes. As demonstrated in the participantsô individual SSA 

process profiles, this theoretical model combined with the use of trace data allowed for a highly 

granular analysis of each participantsô processes. Further, the profiles were able to provide 

concrete, specific, and actionable feedback to the participants to help them better understand 

their SSA processes. My research supports Andrade and Brookhartôs (2019) assertion that 

Pintrich and Zushoôs (2002) model of SRL is well situated for the study of assessmentôs 
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connection to learning given its granularity and that it conceives of SRL as an event, the way 

classroom assessments are seen as events. This theory has great potential to unpack the specific 

mechanisms by which classroom assessment generally and SSA specifically lead to learning. 

Exploring these mechanisms is a crucial next step for assessment theory (Andrade, 2019; 

McMillan, 2013). 

Third, this study has implications for how SSA processes can be measured. Winne and 

colleagues (Winne, 2017; Winne et al., 1994) have argued that for learning science to benefit 

individual learners, researchers need to analyze SRL at the participant level before aggregating 

up. By creating SSA process networks and profiles for each participant ï an approach modelled 

on Hadwin and colleagues (2007) exploratory case study of undergraduate studentsô study habits 

ï this study aimed to take up Winneôs call within the context of SSA. Ultimately, analyzing 

individual networks of cognitive and affective operations enabled detailed and actionable 

analyses for every participant in this study in addition to cross-group findings. While this case 

study only provides evidence for and from one class, it highlights the potential of research that 

draws on log file trace data and graph theoretic statistics to inform studentsô learning. In this 

way, digital traces provide a nuanced understanding of SSA processes for both participants and 

researchers. Digital traces may also provide a fruitful avenue for exploring the cognitive and 

affective mechanisms of other classroom assessments, e.g., studentsô responses to teacher 

feedback (Lui, 2020). However, it is also important to recognize that content analysis of text 

entered into the website was critical for interpreting trace data.    

Limitations and Future Directions 

While findings have emerged from this study which advance SSA theory, there are 

limitations with the study design and analysis. The first was that the placement of thinking, 
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feeling, and reflection prompts within the website may have influenced when participants chose 

to respond to them. I explained to participants that they could use any of the prompts at any time 

during the activity. However, they ultimately needed to be placed somewhere on the website, and 

it is possible that their placement shaped when students decided to respond to them. To mitigate 

this suggestive placement effect, I drew on principles of SRL microanalysis (Cleary, 2011) 

which state that microanalytic items should be placed at theoretically relevant points within the 

SRL. For example, I placed the note prompt ñWhat resources and strategies can help me in this 

taskò, a prompt designed to collect trace data of metacognitive knowledge activation, near the 

prewriting section of the website. Importantly, there was no evidence that any participant worked 

through the note prompts in order, suggesting that participants followed the instruction to only 

respond to prompts which are helpful and ones that reflect their naturally occurring thoughts. 

Future research into SSA processes would do well to utilize nStudy, a learning analytics platform 

delivered via a Google Chrome extension (Winne et al., 2019) that would enable participants to 

apply different types of notes at any time. The thinking, feeling, and reflection prompts which 

operationally defined many of the traces would not have been placed anywhere within the 

activity; instead, participants would select note types and add text by opening a right click menu 

(Winne et al., 2019). I hypothesize that SSA processes investigated using nStudy would be even 

more recursive as the user interface would not imply any order or structure to the notes. 

The second limitation was that the affect traces may not have captured all of the affective 

operations or processes that were occurring. Affective SSA processes are notoriously difficult to 

capture (Panadero et al., 2020). As affective states are fluid and ever present, it is possible that 

the participants did not imply all of their affective processes through traces. Further, reflecting on 

and monitoring oneôs affective state may not be seen as a learning strategy by students. 
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Cognitive operations such as goal setting and monitoring progress against standards are often 

explicitly taught by teachers (e.g., Fastre et al., 2012; Panadero & Alonso-Tapia, 2013); 

however, affect and motivation are usually not explicitly taught. Thus, participants may have 

been less inclined to create feeling notes than thinking or reflecting ones, a trend that would 

make the affective processes less central in participantsô graphs. However, trace data in 

combination with thematic analysis of keystroke logs and exit ticket data enabled some of the 

first empirical evidence of the affective processes of SSA. Future research should employ novel 

strategies for collecting data on affect in real time without compromising ecological validity to 

the extent possible. One promising approach recently enabled generalizable affect detection 

across tens of thousands of participants engaged in an online learning program, opening up real 

time, contextualized affect detection to large scale studies (Hutt et al., 2019). This method of 

affect detection involves randomized pop-up, Likert scale self-report items that appear during 

online learning. The items are linked to affective states and, when many participants are 

prompted, reveal generalizable patterns of affective processes. This method has been quickly 

adopted and used to investigate affect in the context of COVID-19 where close contact with 

participants was not possible (DôMello et al., 2021). Adding such methods to trace data could 

enable deeper exploration of the role of affect in SSA while maintaining high ecological validity. 

Another promising approach to examining affect is SRL microanalysis. In short, microanalysis 

would involve asking participants to respond to brief items (e.g., affect scales, open responses) at 

key points in the SSA process (Cleary, 2011). SRL microanalysis is a promising approach to 

examining SRL during learning processes and empirical evidence suggests that one-item 

microanalytic scales have desirable psychometric properties (Callan & Cleary, 2018; Cleary, 

2011). 
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The third limitation was inherent in log-file trace data: these data were based on 

researcher interpretations of participant behaviours and were therefore subject to threats of 

researcher bias. While the potential effect of such bias would be unmeasurable, steps were taken 

to mitigate the potential threat of researcher bias. First, I kept a reflexive journal of my thinking 

throughout the process of data collection and analysis. The journal helped me to keep procedures 

consistent when analyzing the session recordings. Second, I engaged a team of three coders and 

trained them to code a subset of data. Intercoder reliability across the team was high: we agreed 

on 93% of the traces coded. Third, as detailed above, session recordings were each coded twice 

and with full consideration of the context (events before and after each trace). Last, findings 

were made on the basis of triangulation with trace data, heatmap data, and self-report data on the 

exit tickets. While examining calibration between trace data and self-reports was beyond the 

scope of this study, previous research has generally found low calibration between the two 

(Winne, 2020). Researchers have argued that digital traces, even though they rely on inferences, 

provide a more veridical account of learnersô SRL and study habits as they are based on learnersô 

observed learning behaviours rather than their perceptions of how they learn (Winne et al., 2019; 

Yan et al., 2019). Given the aforementioned limitations of self-reports, this studyôs aim was to 

examine SSA in a novel way by drawing on trace data. Ultimately, researchers recommend 

triangulation of a variety of forms of data (e.g., self-reports, behavioural traces) when forming 

inferences about SRL (Veenman, 2007; Winne, 2019a, 2020), a recommendation taken up in this 

work.  

The final limitation was related to how Matomo logged keystrokes. By default, Matomo 

masks keystroke logs to prevent sensitive information (e.g., passwords) from accidentally being 

recorded. Matomo provided a line of code to enable text entered into a website to be unmasked; 
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however, the keystrokes were only unmasked after participants clicked outside of a text field. As 

a result, participants were trained to click outside of text boxes after writing or if pausing to 

think. Participants did this well so that very little text was left masked. However, two 

participantsô final responses were never unmasked, meaning that content analysis to explore their 

revisions was not possible. Comparing first and revised responses was only a small part of this 

study (comparing mean differences pretest and posttest was never an intended part of the 

design), so this limitation was insignificant in this way. However, the delayed reveal of text 

meant that, while I could tell when a student was typing, I could not read what they were typing 

until they clicked outside the box. This meant that the ways in which participants paused or 

edited their work within the text fields was not visible in the recordings. Writing and revising 

were treated as independent processes when in reality there are likely many underlying processes 

involved in writing. Research has begun to explore writing processes using keystroke logs (Taub 

& Schneier, 2021; Zhang et al., 2016) and such methodologies may offer inroads to unpacking 

the connection between SSA and writing processes. For example, Taub and Schneier (2021) 

recently used a software called Inputlog which captures traces of planning, monitoring and 

reflection, and adaptation; such software could unpack relations between the way students write 

and the way they self-assess. While examining the cognitive processes of writing was beyond the 

scope of this work, future studies could use such methods to generate new understandings of how 

and why SSA seems to be essential in learning to write (Graham & Harris, 2018). 

Conclusion  

Effective and consistent use of SSA in the classroom is critical for preparing high school 

students to succeed in school and navigate a rapidly changing world beyond (Bourke, 2016; 

OECD, 2018; Tai et al., 2018). However, in order to effectively and consistently support student 
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learning through SSA, we need to understand the internal cognitive and affective processes of 

students engaged in SSA activities (Panadero et al., 2020; Panadero et al., 2016; Wang, 2018; 

Yan & Brown, 2017). Andrade (2019) concluded her recent systematic review that SSA is 

effective for student learning when it is used to inform revisions to work; however,  

What is not yet clear is why and how self-assessment works. Those of you who like to 

investigate phenomena that are maddeningly difficult to measure will rejoice to hear that 

the cognitive and affective mechanisms of self-assessment are the next black box. Studies 

of the ways in which learners think and feel, the interactions between their thoughts and 

feelings and their context, and the implications for pedagogy will make major 

contributions to our field (p. 10). 

This study took initial steps towards unpacking the next black box. Its aim was not to 

generate generalizable findings. Rather, through a multimethod collective case study analysis, 

this study collected fine grained traces of participantsô internal SSA processes within a well-

defined, evidence informed SSA activity, and with full consideration of the class context. While 

findings should not be widely generalized, this research can inform transferability of findings to 

similar contexts. Specifically, this study highlights the importance of planning ï task assessment 

and monitoring progress against standards in driving SSA processes, and pointed to the role of 

these operations in managing affect/motivation. In this way, I contend that future SSA processes 

research should continue to include planning ï task assessment in its theoretical foundations. 

Perhaps more importantly, findings contribute to SSA theory by empirically advancing a 

recursive and loosely sequenced constellation of processes associated with the SSA activity. The 

findings hold implications for both teachers and SSA researchers. Further, triangulation of the 
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data informed individual SSA profiles for each student, illustrating how this line of research can 

directly inform student learning. 

This study highlights three promising lines of future research. First, the relationships 

between affective and cognitive processes of SSA should be unpacked. Emotions provide signals 

to learners that guide their thinking and learning (Boekaerts, 2010). While the findings in this 

study support this perspective within the context of SSA, investigating the specific links or 

relationships statistically will require studies with greater numbers of participants. Given the 

wide variety of SSA processes observed in this study, I contend that a fruitful line of inquiry 

would be to uncover underlying SRL profiles of students engaged in SSA. While variable 

centered designed (e.g., correlational analyses, experimental designs) could point to relationships 

between specific processes and learning outcomes (e.g., academic achievement),  

these types of studies do not inform how multiple variables may concurrently intersect to 

better explain learning within individuals or groups of students. Person-centered 

approaches (e.g., cluster analysis, latent profile analysis), on the other hand, can identify 

groups of students who share similar profiles of SRL skills who may be at-risk for poor 

academic outcomes, and/or who may need additional supports to achieve success (Cleary 

et al., 2021, p. 443). 

In order to develop a robust theory of SSA processes, I believe that person centered 

approaches could account for the concurrently intersecting variables at play in SSA. Latent 

profile analysis (LPA) has been used effectively to uncover the characteristics of specific SRL 

profiles of university students (Ning & Downing, 2015). LPA uses best fit indices to group 

people based on conditional probabilities of endorsing multiple continuous variables (Ning & 

Downing, 2015), making it a potentially robust and rigorous method of identifying underlying 
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profiles based on graph theoretic indices. Such research would take substantial steps towards 

developing a fulsome theory of SSA processes and informing more generalizable findings. While 

this study explored one specific evidence-informed SSA activity, SSA profiles should be created 

across other research informed SSA activities to examine the extent to which they support SRL 

in similar ways.  

Perhaps more importantly, if we are to truly understand the mechanisms through which 

SSA shapes learning, longitudinal studies are needed that examine how SSA processes develop 

over time and practice. Research has highlighted that practicing SSA can shape studentsô 

perceptions of its impacts on learning (Lopez & Kossack, 2007). Wang (2017) analyzed 

reflective journal entries about university studentsô perceptions of regular SSA on SRL. Such 

research, combined with trace data and extended over long periods of time, could elucidate the 

ways in which SSA shapes learning over time and how teachers can fruitfully support SSA 

throughout an entire course. With enough participants, latent transition analysis (Li et al., 2016) 

could be applied using graph theoretic statistics as grouping variables to statistically map how 

profiles of processes evolve over time. 

Finally, more work should be done to scrutinize the dependability of trace data in SSA 

contexts. While self-report of learnersô study habits and SRL have tended to not calibrate with 

observed traces (Veenman, 2007), calibration between trace data and self-reports should be 

examined in the context of SSA processes. The most promising approach of which I am aware 

would involve participants completing a SSA activity using a learning analytic software and then 

immediately engaging in a virtual revisit think aloud protocol. Virtual revisit think alouds 

involve participants watching a recording of their online activity immediately after interacting 

with a platform and describing their thought process as they watch (Beach, 2017). Compared to 
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retrospective and concurrent think aloud protocols, virtual revisits have several advantages: they 

a) have been shown to elicit more utterances; b) remove the construct irrelevant cognitive load 

imposed by concurrent think alouds; and c) elicit more veridical self-reports via memory 

prompts (Beach & Willows, 2017). If researchers are to pursue log file trace data as an avenue 

for unpacking the cognitive and affective processes of SSA ï and classroom assessment more 

generally ï the need to develop validity evidence for traces in assessment contexts remains at the 

heart of the research agenda. 
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Appendix A - Exit Ticket Survey 

Self-Assessment Exit Card 

 

 

Start of Block: Default Question Block 

 

 

Q1 The purpose of this exit card is to help me interpret the data collected by Matomo. Please 

answer the questions below providing as much detail as you can. If you don't want to answer a 

question, simply leave it blank. If a question doesn't apply to you, please write N/A. Thank you 

for participating in this study! 
 

      
 

 

 

Q2 Please write the last three digits of your student number followed by the last three digits of 

your phone number. 

________________________________________________________________ 

 

Q3 With which gender do you self-identify? 

Non-binary (1)  

Woman (2)  

Man (3)  

Gender non-conforming (4)  

Genderfluid (5)  

I prefer to specify (6) ________________________________________________ 

I choose to not respond (7)  

Agender (9)  

Genderqueer (10)  
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Q4 Please read each statement, then indicate your level of agreement with each one. 

 
 

Strongly 
disagree 

(1) 

Disagree 
(2) 

Somewhat 
disagree 

(3) 

Somewhat 
agree (4) 

Agree (5) Strongly 
agree (6) 

I am 
confident 

in my 
ability to  

 
 

 
 

 
 

 
 

 
 

 
 

use 
computers. 

(1)  

      

I regularly 
use 

educationa
l computer 
programs. 

(2)   

 
 

 
 

 
 

 
 

 
 

 
 

I was 
aware of 

my 
motivation 

levels 
throughout 

the self-
assessmen
t task. (3)  

 
 

 
 

 
 

 
 

 
 

 
 

I 
experience
d feelings 

of 
frustration 
during the 

self-
assessmen
t task. (4)  

 
 

 
 

 
 

 
 

 
 

 
 

I was 
honest in 
my self-

assessmen
t 

comments. 
(5)  
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Q5 Describe your thought process as you were self-assessing and revising your work. 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

Q6 What emotions did you experience during the self-assessment activity? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

Q7 How did your emotions change throughout?  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

Q8 Describe one emotion you felt during the self-assessment activity. What caused you to feel 

this way? If it was a negative feeling (e.g., sadness, frustration), how did you try to manage it? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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Q9 How did you make decisions about how to revise your work? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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Appendix B ï Ethics and Informed Consent 

Research Ethics Board Approval Letter 
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Sample Letter of Information/Consent Form - Teacher 

Study Title:  ¦ƴǇŀŎƪƛƴƎ ΨǘƘŜ ƴŜȄǘ ōƭŀŎƪ ōƻȄΩΥ LƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ŎƻƎƴƛǘƛǾŜ ŀƴŘ ŀŦŦŜŎǘƛǾŜ ǳƴŘŜǊǇƛƴƴƛƴƎǎ ƻŦ 
student self-assessment 
 
Name of Principal Investigator: bŀǘƘŀƴ wƛŎƪŜȅΣ CŀŎǳƭǘȅ ƻŦ 9ŘǳŎŀǘƛƻƴΣ vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ 
Name of Supervisor: Christopher DeLuca, PhD, Assoicate Professor of Classroom Assessment, Graduate 
CŀŎǳƭǘȅΣ CŀŎǳƭǘȅ ƻŦ 9ŘǳŎŀǘƛƻƴΣ vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ 
 

My Study 
I am inviting students in grade 10 English classes and their teachers to take part in a research study. The 
purpose of this study is to see how students think and feel while engaged in self-assessment, a critical 
skill for becoming independent, lifelong learners. If you agree to take part, I will collaborate with you to 
design and lead a 75-minute English lesson for your students remotely using Microsoft Teams. During 
the lesson, your students will complete three activities on the computer using a learning analytics 
software called nStudy. nStudy is an innovative, validated software designed by educational researchers 
in Canada to study and support stǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ ǇǊƻŎŜǎǎŜǎΦ CƛǊǎǘΣ ȅƻǳǊ ǎǘǳŘŜƴǘǎ ǿƛƭƭ ŎǊŜŀǘŜ ŀ ǇƛŜŎŜ ƻŦ 
analytical writing about a text they are studying in English. Second, I will guide them in exploring 
examples of work and rubrics to give them a better understanding of how to improve their own work. 
¢ƘƛǊŘΣ ǘƘŜȅ ǿƛƭƭ ǳǎŜ ǿƘŀǘ ǘƘŜȅΩǾŜ ƭŜŀǊƴŜŘ ǘƻ ǊŜǾƛǎŜ ƻǊ ōǳƛƭŘ ƻƴ ǘƘŜƛǊ ǇƛŜŎŜ ƻŦ ǿǊƛǘƛƴƎΦ ¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ 
ƭŜǎǎƻƴΣ ƴ{ǘǳŘȅ ǿƛƭƭ ŎǊŜŀǘŜ ƭƻƎǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ŀŎǘƛƻƴǎ όŜΦƎΦΣ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘŜȄǘΣ ƴƻǘŜǎύ ǘƘŀǘ ǘŜƭƭ ƳŜ ŀōƻǳǘ Ƙƻǿ 
they think and manage your feelings during the self-assessment activities, with your consent. These logs 
are collected on secure, encrypted servers at Simon Fraser University (Burnaby, British Columbia) and 
will only be accessible to the research team. At the end of the learning task, the students will complete a 
short online questionnaire that will take approximately 10 minutes. Once I have analyzed the nStudy log 
files, I will provide your students with individualized profiles explaining their unique internal learning 
processes during self-assessment. Their profile will include a graphic representation of their thinking 
processes and feedback on how they can improve their approach to self-assessment based on research. 
You will also receive a class profile to help you support your stuŘŜƴǘǎΩ ǎŜƭŦ-assessment processes in 
future English lessons.  
 

¢ƘŜ tŀǊǘƛŎƛǇŀǘƛƴƎ ¢ŜŀŎƘŜǊΩǎ wƻƭŜ 
Should you consent to participate, your role in the study would be threefold. First, we will collaborate to 
tailor the lesson to meet the specific needs of your students and seamlessly integrate the lesson into 
your curriculum. Second, we will engage in a 30-minute interview to learn more about your students 
and the assessment culture in your classroom. The data collected from this interview will inform a case 
description to support my interpretation of the findings. Third, you will assist students in installing and 
ǳƴƛƴǎǘŀƭƭƛƴƎ ƴ{ǘǳŘȅ ƻƴ ǇŀǊǘƛŎƛǇŀǘƛƴƎ ǎǘǳŘŜƴǘǎΩ ŎƻƳǇǳǘŜǊǎ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ǎǘǳŘȅΦ 
 

Are there any risks or benefits to participating? 
I will direct the entire study procedure remotely, using Microsoft Teams. There are no known risks to 
participating in this study. There are direct benefits to you as a participant. First, you will have the 
opportunity to engage your students in a tailored self-aǎǎŜǎǎƳŜƴǘ ǇǊƻŎŜǎǎ ǎƘƻǿƴ ǘƻ ƛƳǇǊƻǾŜ ǎǘǳŘŜƴǘǎΩ 
writing, confidence, and engagement in English. Second, you will receive a class profile detailing how 
ȅƻǳ Ŏŀƴ ǎǳǇǇƻǊǘ ȅƻǳǊ ǎǘǳŘŜƴǘǎΩ ǎŜƭŦ-assessment skills. Study results will help inform how teachers can 
support students in becoming the definitive sources of their own feedback. Findings will form the basis 
of my Master of Education thesis. 
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Consent and Data Security 
Participation is voluntary. You do not have to answer any questions you do not want to. You can stop 
your participation at any time without penalty by telling me you wish to withdraw. You may withdraw 
from the study up until January 15, 2021 by contacting me at nathan.rickey@queensu.ca. Your 
confidentiality will be protected to the extent permitted by applicable laws. I will do this by replacing 
your name with a pseudonym in all publications and a study ID number in all study records. While I will 
keep your participation and information confidential, I cannot guarantee that your participation in the 
study will not be disclosed by other participants who engage in the study at the same time as you. 
nStudy data will be collected on secure encrypted servers at Simon Fraser University (Burnaby, British 
Columbia) and will only be accessible by the research team. The study data will be stored on an 
ŜƴŎǊȅǇǘŜŘ ƘŀǊŘ ŘǊƛǾŜ ƻƴ vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ ǎŜǊǾŜǊǎΦ ¢ƘŜ ŎƻŘŜ ŦƛƭŜ ǘƘat links real names with 
pseudonyms and study ID numbers will be stored securely and separately from the data on an encrypted 
USB key. Access to study data is limited to those researchers on the study team, as well as the Queen's 
General Research Ethics Board (GREB) which may request access to study data to ensure that the 
researcher(s) have or are meeting their ethical obligations in conducting this research. GREB is bound by 
confidentiality and will not disclose any personal information. The de-identified data set will be made 
freely accessible in the Queen's University's Institutional Repository after a 5 year embargo period. The 
code file identifying your pseudonym and study ID number will be permanently erased from the 
encrypted USB key five years after study closure.  
 
I plan to publish the results of this study in academic journals and present them at conferences. I will not 
include any personally identifying information from the interview when presenting my findings. I will 
never include any real names with quotes or data. I will do my best to make sure quotes or data do not 
identify participants. All participant information will be de-identified in dissemination of the study 
findings. During the interview, please let me know if you say anything you do not want me to report.  
 
If you have any ethics concerns please contact the General Research Ethics Board (GREB) at 1-844-535-
2988 (Toll free in North America) or email chair.GREB@queensu.ca. 
 
If you have any questions about the research, please contact Dr. Chris DeLuca at cdeluca@queensu.ca or 
613-533-6000 ext. 77675. 
 
This Letter of Information provides you with the details to help you make an informed choice. All your 
questions should be answered to your satisfaction before you decide whether or not to participate in 
this research study. Keep one copy of the Letter of Information for your records and electronically sign 
one copy in this secure OneDrive for Business folder. 
 
You have not waived any legal rights by consenting to participate in this study. 
 
By signing below, I am verifying that: I have read the Letter of Information and all of my questions have 
been answered.  
 
 

 δ   Yes, you have my permission to participate in this study 

 δ   No, you do not have my permission to participate in this study 
 

mailto:nathan.rickey@queensu.ca
mailto:chair.GREB@queensu.ca
mailto:cdeluca@queensu.ca
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Signature of Participant:                                          PRINTED NAME:                                       Date:  
                                                                                                
 
Nathan Rickey                                          Nathan Rickey                                                      
Signature of Person Conducting             PRINTED NAME                                                       Date 
the Consent Discussion   

 

Sample Letter of Information/Consent Form - Student 

Study Title:  ¦ƴǇŀŎƪƛƴƎ ΨǘƘŜ ƴŜȄǘ ōƭŀŎƪ ōƻȄΩΥ LƴǾŜǎǘƛƎŀǘƛƴƎ ǘƘŜ ŎƻƎƴƛǘƛǾŜ ŀƴŘ ŀŦŦŜŎǘƛǾŜ ǳƴŘŜǊǇƛƴƴƛƴƎǎ ƻŦ 
student self-assessment 
 
Name of Principal Investigator: bŀǘƘŀƴ wƛŎƪŜȅΣ CŀŎǳƭǘȅ ƻŦ 9ŘǳŎŀǘƛƻƴΣ vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ 
Name of Supervisor: Christopher DeLuca, PhD, Associate Professor of Classroom Assessment, Graduate 
CŀŎǳƭǘȅΣ CŀŎǳƭǘȅ ƻŦ 9ŘǳŎŀǘƛƻƴΣ vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ 
 

The Study 
I am inviting students in Year 12 English Literature classes and their teachers to take part in a research 
study. The purpose of this study is to see how students think and feel while engaged in self-assessment. 
Self-assessment refers to classroom activities in which you provide your own feedback on your work and 
make improvements, a critical skill for becoming an independent, lifelong learner. If you agree to take 
part, I will collaborate with your teacher to design and lead a 75-minute English lesson remotely using 
Microsoft Teams. During the lesson, you will complete three activities on the computer using a software 
called nStudy. nStudy is an innovative software designed by educational researchers in Canada to study 
how people learn. First, you will create a piece of analytical writing about a text you are studying in 
English. Second, your teacher and I will guide you in exploring examples of work and rubrics to give you 
ŀ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ƙƻǿ ǘƻ ƛƳǇǊƻǾŜ ȅƻǳǊ ƻǿƴ ǿƻǊƪΦ ¢ƘƛǊŘΣ ȅƻǳ ǿƛƭƭ ǳǎŜ ǿƘŀǘ ȅƻǳΩǾŜ ƭŜŀǊƴŜŘ ǘƻ 
revise or build on your piece of writing. Throughout the lesson, nStudy will create logs of your actions 
(e.g., highlighting text, notes) that tell me about how you think and manage your feelings during the 
self-assessment activities, with your consent. These logs are collected on secure, encrypted servers at 
Simon Fraser University (Burnaby, British Columbia) and will only be accessible to the research team. 
Additionally, Matomo Analytics will anonymously capture a screen recording of your actions when you 
use the learning resources. At the end of the learning task, you will complete a short online 
questionnaire that will take approximately 10 minutes. Once I have analyzed the nStudy log files and 
Matomo data, I will provide you with an individualized profile explaining your unique internal learning 
processes during self-assessment. Your profile will include a graphic representation of your thinking 
processes and feedback on how you can improve your approach to self-assessment based on research. 
IŜǊŜ ƛǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ŀƴ ƴ{ǘǳŘȅ ƎǊŀǇƘ ǎƘƻǿƛƴƎ ŀ ǎǘǳŘŜƴǘΩǎ ƭŜŀǊƴƛƴƎ ǇǊƻŎŜǎǎ ŘǳǊƛƴƎ ŀƴ ŀŎǘƛǾƛǘȅΦ Lƴ ȅƻǳǊ 
profile, I will explain what your graph means for your learning. Your profile will help you in becoming 
your own learning scientist ς someone who studies and manages their own learning! 
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Are there any risks or benefits to participating? 
The entire study will be conducted remotely using Microsoft Teams so that I am not required to enter 
your school. There are no known risks to participating in this study. There are direct benefits to you as a 
participant. First, engaging in this self-assessment process has been consistently shown to improve 
stuŘŜƴǘǎΩ ǿǊƛǘƛƴƎ ŀƴŘ ŎƻƴŦƛŘŜƴŎŜ ƛƴ 9ƴƎƭƛǎƘΦ {ŜŎƻƴŘΣ ȅƻǳ ǿƛƭƭ ǊŜŎŜƛǾŜ ŀ ǇǊƻŦƛƭŜ ŜȄǇƭŀƛƴƛƴƎ Ƙƻǿ ȅƻǳ 
approach self-assessment, showing areas of strength and providing clear feedback on how to improve 
your self-assessment skills. Your teacher will also receive a class profile so that they can support your 
self-assessment skills. Study results will help inform how teachers can support students in becoming the 
definitive sources of their own feedback. Findings will form the basis of my Master of Education thesis. 
 

How do I consent to participate? 
Participation is voluntary. You have been enrolled into the study as part of your class work assigned by 
your teacher. However, if you would like your data withdrawn from the study, please contact me at 
nathan.rickey@queensu.ca before April 15, 2021 and your data will not be used in the study. 
Withdrawing from the study will not result in any penalty or affect your academic standing. 
 

How will the researcher keep the data secure? 
As you will use your personal computers for this study, your teacher and I will assist you in installing 
nStudy before the lesson and uninstalling nStudy after. Uninstalling nStudy immediately after the study 
will ensure that nStudy does not collect data after the study procedure. Your confidentiality will be 
protected to the extent permitted by applicable laws. I will do this by replacing your name with a 
pseudonym in all publications and a study ID number in all study records. While I will keep your 
participation and information confidential, I cannot guarantee that your participation in the study will 
not be disclosed by other participants who engage in the study at the same time as you. nStudy data will 
be collected on secure encrypted servers at Simon Fraser University (Burnaby, British Columbia) and will 
only be accessible by the research team. Matomo Analytics data will be collected on secure encrypted 
servers and only accessible by the research team. Data are collected by Matomo anonymously. The 
ǎǘǳŘȅ Řŀǘŀ ǿƛƭƭ ōŜ ǎǘƻǊŜŘ ƻƴ ŀƴ ŜƴŎǊȅǇǘŜŘ ƘŀǊŘ ŘǊƛǾŜ ƻƴ vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ ǎervers. Real names will not 
be linked to any study data; instead, a study ID number will be assigned to your stored data. The code 
file that links real names with pseudonyms and study ID numbers will be stored securely and separately 
from the study data on an encrypted USB key. Access to study data is limited to those researchers on 
the study team, as well as the Queen's General Research Ethics Board (GREB) which may request access 
to study data to ensure that the researcher(s) have or are meeting their ethical obligations in conducting 
this research. GREB is bound by confidentiality and will not disclose any personal information. The de-

mailto:nathan.rickey@queensu.ca
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identified data set will be made freely accessible in the Queen's University's Institutional Repository 
after a 5-year embargo period. 
 

What will the data be used for? 

I plan to publish the results of this study in academic journals and present them at conferences. I will not 
include any personally identifying information from the lesson when presenting my findings. I will never 
include any real names with quotes or data. I will do my best to make sure quotes or data do not 
identify participants. All participant information will be de-identified in dissemination of the study 
findings. 
  
If you have any ethics concerns please contact the General Research Ethics Board (GREB) at 1-844-535-
2988 (Toll free in North America) or email chair.GREB@queensu.ca. 
 
If you have any questions about the research, please contact Dr. Chris DeLuca at cdeluca@queensu.ca or 
613-533-6000 ext. 77675. 
 
This Letter of Information provides you with the details to help you make an informed choice. All your 
questions should be answered to your satisfaction before you decide whether or not to participate in 
this research study. Keep one copy of the Letter of Information for your records.  
 
You have not waived any legal rights by consenting to participate in this study. 
 
If I do not email nathan.rickey@queensu.ca to withhold my consent to participate before April 15, 2021, 
I am verifying that: I have read the Letter of Information, all of my questions have been answered, and I 
consent to participate in this study.   

 

Sample School Administrator Recruitment Script 

Dear [school administrator],  

I am a Master of Education student at Queenôs University. For my thesis, I am studying the ways in which 

students think and feel when self-assessing their writing ï a critical factor in developing lifelong, 

independent learning skills. With your support, I would like to invite your students and their English 

teachers to participate in my study.  

The study will take one English lesson of approximately 60-90 minutes, during which students will use a 

validated learning analytics software designed to help them self-assess and improve their analytical 

writing. This lesson will be conducted remotely using Microsoft Teams. At least one week before the 

lesson(s), I will collaborate with each participating teacher on Microsoft Teams to tailor the lesson to 

studentsô specific needs and to integrate it seamlessly into the curriculum plan. While there are no known 

risks to participating, engaging in this process will provide your students with an education Assessment 

as Learning experience supported by research. 

If you are interested in supporting this research in your school, please circulate this email and the 

following link to a secure folder to your English teachers [if phone call, replace with I will email you a 

link to a secure OneDrive for Business folder for you to circulate to your English teachers]. The folder 

contains a combined Letter of Information, providing more details on the study, and an Informed Consent 

Form, where teachers must digitally sign to indicate their consent to participate. Here is the link to these 

forms: [insert link here]. 

mailto:chair.GREB@queensu.ca
mailto:cdeluca@queensu.ca
mailto:nathan.rickey@queensu.ca
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Thank you for your interest in my research. If you have any questions, please reply to this email [in email 

only]. 

Kind regards, 

Nathan Rickey
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Appendix C ï SSA Process Profiles 
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